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PREFACE

Man has no natural sense of direction. While travelling, he has to rely on vision and his other senses , and on learning .
memory and reasoning, to mainta in  orientation. Fl ying long distances over unfamiliar terrain at fast speeds in all k inds  of
weather overloads h u man capabili t ies , and an unaided man is likely to become lost and to remain lost. To navigate during
flight , he must supplement his directly sensed information with aids, such as compass , radio and map. These provide him
with  a frame of refe rence , and allow him to th ink  ahead and to plan and follow a route. However , the informat ion from
these aids has to he perceived , decoded and interpreted by the user. Consequently, the methods for disp!ay ing it
determine its usage , and must  over~onie the l imitat ions which led to the need for aids.

Cartographers have traditionally been responsible for the design of maps. Recently,  applied psychologists have
become involved in map design because of their general knowledge of man ’s abilities and l imitat ions , and their particular
knowledge of the principles of information display. Both the cartograp her and the psychologist seek to ensure tha t
aviation maps fulfi l  their intended functions as effectively as possible . To achieve this , the psychologist has to acquire
more knowledge about cartography than the typica l map user possesses, and more knowledge of map usage than the
cartographer normally has . In addition to fulfi l l ing his own role , the psychologist may try to appl y the broad knowledge
which is necessa ry for his own tasks , to see that  no relevant opinions are ignored when recommendations for map designs
are made.

Modern technology has had four main effects on aviation cartography. Firstly, automation , digitisation . and process
print ing have increased the pace and flexibility of map production . Secondly, developments such as moving map displays
and electronically generated map disp lays are changing the modes of presentation of cartograp hic information in the
cockpit. Thirdly, the introduct i on into the cockpit of radar displays , infra-red displays , image intensification devices .
and low light television displays bring new requirements for associated cartographic support. Fourthly. new aircraft and
new operational roles influence the ways in which maps can he used or are required to be used.

No recommendations in human engineering handbooks have been compiled specifically from maps or for maps.
Maps are probably the most complex visual information displays with in the cockpit , but the validity of most standard
human engineering disp lays recommendations has been established only for much simpler material. It is therefore
important to check whether these recommendations for display ing information apply to maps , and , if they do not , to
formulate valid recommendations for maps , perhaps after devising new assessment methods. In order to conduct human
factors research on maps it is necessary to have independent control over each variable. This implies professional carto-
graphic support. If a singl e variable is altered , any resulting effects may owe more to the interaction between that
variable and other cartographic factors than to the variable itself. Also , the uniqueness of each geographical location
makes it diff icult  to prove that findings are general , and are equally applicable to other map series or to other
geographical regions.

Most well-established psychological principles of visual perception have been derived from simple material and not
from material as complex as maps. Certain cartographic concepts, such as visual balance, have no equivalents in
psychological parlance. Much of the psychological work in cartography has been done by geographers or cartographers
who have read some psychology , rather than by psychologists with a knowledge of maps.

Many principles for portraying information on aviation maps and many methods for evaluating them may apply to
other maps too, whereas evidence on the tasks and skills of map users and on the effects of the work environment on map
reading may be specific to aviation maps. Users and cartographers tend to answer questions about map usage in terms cf
their past experience , so that novel uses of existing maps, and different applications of new map form s. may be
overlooked.

In aviation , the concept of charts is as familiar as that of maps. Common distinctions are that a chart is aeronautical
and a map topographical , tha t  a chart is for navigation and a map need not be, and that a chart is annotated , used and
discarded but a map is more permanent. Generally, throughout this volume , the concept of maps is used to include both
maps and charts.

This text  seeks to gather together and describe the whole range of actual and potential human factors contributions
to designing, using and assessing aviation maps. On some topics, the authors have had recourse to principles or guidelines .
and in the absence of definitive evidence , it has been possible to do little more than define problems. h owever , the text
as a whole , together with the checklist, may provide usefu l foundations on which others can build.

_  - ~~~~~- t/ii



V 
- -

The text makes specific references to the black and white figures , hut  not to the colour plates. This is partly because
such references would he too numerous , hut mainly because the colour plates, with the notes about them , are also
intended to he viewed in their own right as a set which collectively illustrates many of the points discussed.

In preparing this volume , the authors have benefited from discussions and correspondence with many colleagues in
psychology , cartograph y and aviation. Their hel p is gratefully acknowledge d , although the responsibility for the text ,
and for any errors or omissions in it , lies with the authors. The sponsorship by the Aerospace Medical Panel of AGARI) ,
and its forbearance during the writing, are acknowledged with thanks.

I -lum an factors research on maps at the Royal Air Force Insti tute of Aviation Medicine , is sponsored by the I)eputy
l)irector (Na y )  (RAF) .  and receives cartograp hic support from the Mapping and Charting Establishment , R E . , under the
direction of the Director of Military Survey, UK Ministry of Defence : their contributions to this work are also
acknowledged with thanks. The brunt of the clerical and typing effort was cheerfully borne by Mrs M.Fawcett and
Miss N .Wakely.
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CHAPTER 1

INTROI)U JCTION

Ia THE DEVELOPMENT OF AVIATION CARTOGRA PHY

Aviat ion cartography t radi t ional ly  began w i th  Moedebeck’s’ paper , based on his experience as a balloonist ,
suggesting how maps could he annota ted  to aid aerial navigation. For the nex t  twenty  years he continued to argue the
case for special aeronautical  maps. His pioneering work was reviewed at the time by Peucker 2 , and more recently b y
Rist ow 3 . The la t ter , and Meine 4’~ , have compiled historical bibliographies of . and introduct ions to , aviat ion car tography .
each wi th  nearly I ,000 re ferences.

A t t e m p t s  to construct the first aviation maps were begun in Europe before the First World War , largely under  the
inf luence and guidance of Moedebeck. The first true air map is generally considered to be a 1:300.000 chart published in
Germany in 1909 under the sponsorship of the  German Aeronautical Society. Shortly after , in 19 1 1 , the first Ti l ee t ing
of the Internat ional  Commission on Aeronautical  (‘harts was held in Brussels with representatives from Austria , Belgium .
France , Germany and the  United Kingdom. There was l i t t le  interest in aviation maps in the United States before World
War One. The main America n interest dates from papers by Whi t aker 6 and Woodhouse 7 , the former stating the need
and the lat ter  describing four types of Europe an aeronautical map.

Early writings on the provision of aviation maps recognise the magnitude of the ci fort required to compile them ,
and acknowledged the need for support from official Government mapping agencies (Moedebeck 8). For economic and
practical reasons , early - iviat i on maps were adapted from existing land maps by overprint ing addi t ional  aeronautical info r-
mation.  A few specially designed aviation maps were produced , such as the air map of Long Island prepared by the Aero
Club of America in 19 11  and the map produced by (‘11ff and Gross for the 19 12 Aerial I)erby around London , but these
maps were largely experimental  in nature.  When World War One began , only France had completed a considerable
number  of sheets (I f a basic map.

I o r  most aviation needs , overprinting aeronautical  information on standard maps served as a short term solution , in
lieu of special purp ose sheets. Despite the r esulting clutter , overprinting standard m aps continues to provide a cost-
effective temporary solut ion to many aviation mapping problems , particularly at large scales with numerous sheets.

It could be argued for early aviators , as it is today for helicopter pilots , that  because of their low flying speeds their
requirements for topographical information were not sufficiently diffe rent fro m those of the land map user to warrant
speical-purpose base information. Nevertheless , overprinting standard m aps was probably a more acceptable practice then
than it is today. Despite this , much earl y literature lid call for innovative th ink ing  in map design to iiieet the needs of
the air user. Regarding the problems of ballo onists at night , Moedebe ck8 , wrote “the chart (fo r the night ha floonist )
should not only concern itself with optical data , but wi th  acoustic data as well. The rustling of the trees in the forest ,
the roar of the surf , big city noises , the rumbling and whistl ing of trains , the noisy din of industrial plants , the cries of
domestic animals  in the villages : all these sounds make it possible in conjunction with the map to orient the course of a
free balloon during night flights ”. La ter , Lees9 observed that  “maps exist at present for those who travel on land or sea:
now a start is to be made on maps for those who travel by air , and these maps must be based , not on the conventions . hut
on the requirements of the a i rman ”. He pointed out tha t  the av•ator ’s view “is more or less vertically downward s - he
does not require much in the way of name s , but he does want the characteristic geographical features and all artificial
features of special value as guides to stand out clearly. Shape is of special value to the airman ”. The design of an air map
must therefore “be a logical one , controlled b y the values which the  aviator places upon the various objects seen from his
machine. The object must be to obtain a map which shall be clear , which shall be a fairly good picture , and which shall
give the objects on the ground a value which the aviator places upo n them ” (Ri s tow 3 ). Many of the above points still
sound very familiar today.

Standard isation of specifications was fro m the beginning a major international issue , as it continues to he. Lees9 .
reporting an International  Agreement on Aeronautical Maps and on the colours , symbols and scales to be emp loyed ,
criticised some of the ini t ia l  proposals and suggested what should he shown and how it should be depicted , including

• detailed proposals on colour coding. Many issues raised by Lees, such as the merits of h i l l  shading and the choice of layer
t in ts  in depicting terrain , are still  disputed today. Other issues raised in the 1920s included the problem of handling
charts in a confined cockpit and the merits of photo mosaic maps for air navigation compared with conventional line
maps. Stri p maps were popular during the I 920s because of the diff icul ty  of handling large charts. In the late I 920s.
more flying came to be done away fro m established air lanes , and stri p maps began to lose favour , to be replaced by
sectional charts. Aerial photographs were used successfully during the First World War , when t ime did not always permit

_ 
_ _  
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preparat iom i of l m i i c  maps. \ f t e r  the war , product ion of photo map s continued in the Uni ted  States and aroused consider-
able inmcr est  for a tew years . u n i m l  experience proved th em to be impractical and in fe r io r  to l ine mnap s .

Wherea s l)uva l’ °  deplored the  lack of progress in preparing aviat ion maps to agreed in ternat ional  speci f icat ion ~,
dur ing the  next  few years subs tant ia l  e f for t  was expended in compiling air maps , so tha t  Miller ” whi le  present ing his own
exper imenta l  map,  was able to list 39 air maps , mostly produced b y official  mapping agencies , ranging in scale fro m
1:3 1 .000.000 to 1:14 .400 classified into five groups according to envisaged uses. (‘om nmercia l publish ers began to show
interest m u a v i a t i o n  maps . In I 92)~. Rand McNa l ly ’s air  t ra i l  maps of the United States were first publ ished.  SO O1 after-
ward s Jeppcs en ‘or (‘hart s, f r equen t ly  revised , began to appear (Rosenk rans i ?

r u e  1 930s also saw the developmen t  of maps designed to he legible under ar t i f ic ia l  cockpit l ight ing at n ight .
Bur ton ’3 reported th ~ production of an experimental  strip map by the US Air Corps in 1934 wi th  a night  fl ight map
printed in red on the  reverse for use under ar t i f ic ia l  l ight .  At the  same t ime maps were in production in t h e  Uni ted
Kingdom t h a t  avoided use of ’ red map colour for important in format ion  so tha t  l egibi l i ty  would be ensured under  red
cockpit l igh t ing  used at  n ight .  At 1:25 0 ,000 and 1:500 ,000 scales these maps , known as the  rearmament series tG SGS
3957 and 4072), emphasised cer ta in  topographical features useful for air navigation and omitted information superfluous
to air requir ements .

• 
. l ime Second World War brough t demands for vast quant i t i es  of aviation maps , for worldwide coverage at uniform

scale wi th  agreed in te rna t iona l  standard s and conventions , for maps intended for Joint  Service use, amid for maps
compat ible  wi th  ins t rumen t  and radio navig ation (Iiarvatt m 4 ) . In 1943 the important  1 :1 ,000,000 scale World Aero-
naut ica l  (‘hart was publishe d by the US A ir  Force Aeronautical  (‘hart Service with  in ternat ional  co-operat ion. M anuals
on how to use maps prolif erated , and Rist ow 3 mentions a few of them. Little of the work on aviation cartography during
the  Second World War was reported at the t ime , and the numerous retrospective accou ,its of it are often anecdot al
rather t h a n  scientific.  The l i te ra ture , however , often first raised issues subsequently studied in more deta i l , such as the
relat ionship between maps and air photographs . (Lobeck and Te lh in gton ’5 ) a n d  the potent ial ly  misleading association
between the  aesthet ic  appearance and the scientific a u t h e n t i c i t y  of maps. An ugly map is less likely to inspire confidence
l W r ight ’6 ) . Avia t ion  maps were alread y being criticis ed , in the same terms and for the  sam e reasons as they are criticised
to day,  for fai l ing to meet or to understand the needs of the users (( ‘hichester ’7 ). One wart ime development  was the
introduct ion of f luomescent  pr in t ing  inks for use under red , amber or ultra violet cockpit l ight  (P inson ’8 : Armn strong 19 h.
Fluorescent maps were used extensively by US mi l i t a r y  aviators but not adopted by the Royal Air Force, largely on
medical grounds.

Fhe years immediately following the Second World War saw the setting up of the Internationa l ( ‘ivil \~ iat ion
Organisatmon (l(’AO) whose Aerom iautica l Charts Division became responsible for standard s and specif icat ions for in te r -
na tmonal  chart  series adopted b y I(’AO. About 1950 there was a resurgence of inter est in.  and research on. many  aspects
of aviat ion cartography. T he  advent of high speed jet aircraft and of instrument  and radio navigat ion Liought about  new
specialist needs that could not be met by general purpose charts such as the aeronautical chart .  \ vari ety of new
products appeared includi ng planning,  radio facilities , approach and landing charts , in addi t ion to conven t iona l  route
charts. Korean War experience showed tha t  there were many inadequacies in these products. Part icular ly,  the prol ife ra-
t ion meant  tha t  too many charts needed to be con suited to obtain the necessary informat ion ,  whereas the general purpose
charts were too clut tered for ease of reading. These problems stimulated the US Office of Naval Research in 195 1 to
place a human factors researc h contract  wi th  Dunlap and Associates to conduct a systemn atic  analysis of the problem. A
series of researc h reports followed.

(‘riticisms of m aps then current  were used to make proposals on the development of improved aids for operation al
roles (Kishler , Waters and Orlansky 20 ; Dorney, Waters and Orlansky 2t ) .  Design principles were claimed to improve charts
when applied to a specifmc aircraft mission (Bishop, Water and Orlansky 22 ; Waters and Ilishop 23 ) , and psychology, among
other disciplines , was mentioned as providi ng guidance on the  depiction and choice of cartographic information (~Vaters
and Orlansky 24 ; Schreiber 25 ). At tempts  were made to evaluate charts experimentally by assessing their adequacy for
the i r  intended purposes (McGill  and Cain 26 ), by comparing new charts with those which they would replace (Murray and
Waters 27 ; Murray 28 ), and by s tudying the associational value of aeronautical chart symbols (Koponen , Water and
Orlansky 29 ).

The requirement to produce maps for long range high speed al t i tude navigation was the focus of most of this
research. Many experimental maps preceded the eventual production of the 1:2 .000,000 jet navigat ion chart , and two of
these , the US Navy Exper imenta l  (‘hart XDA and the  USAF Experimental Jet Chart XJN were evaluated in the I)un lap
studies. Throughout this  period , the US Aeronautical  Chart Service , renamed the Aeronautical Chart and Informat ion
Service in 195 1 , and the Aeronautical  ( ‘hart and Informat i on Centre in 1952 , played a major role in research and develop-
ment  of air maps , as it still does.

In The United Kingdom analyt ical  studies of map design began at the Roay l Air Force Ins t i tu te  of Aviatio n
Medicine wi th  an investig ation of the  problems of map reading under red cock pit l ight ing ,  stimulated presumably by the
large amounts  of night  f ly ing  carried out by the Royal Air Force during the Second World War. Comparisons of existing
maps (Wh i(eside 30 ) led to modification of map symbols (Whiteside and Roden 3m ). and to flight trials of an experimental
monochromatic map (Ruff e l Smith and Wh it e side 32 ). The red l ight ing requirement , the sourc e of major cartographic
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problems , persisted . : i l th ougii  t h e  gamm i s in dark a dap ta lm o mi  under  red lig h t condi t ions  were small , as reported in t i m e  o r ig ina l
wart m mliv ’ stud es comp :i r ing  red l igh t  w mmli  ye l low and green I P inson 18 , w i t h  wli i t t  A non ~ I or sv it h u l t r a  v io le t
( Armi is t rong ’9 I.

Laboratory studi e s of colour coding ami d typographical  le gi h i l i t ~ under  low level red i l l u m i n a t i o n  were carried out
shor t l y  af terwards at I tif ’t s (‘ollege . under  the  sponsorship of the \Vrig l i t  \ i r  l ) ev c l op n ien t  (‘er i tre  I Mc L aug h lin 34 (‘ r ook .
Han som , and \~ u l t v ’ck 3t : (‘rook. Hanson and Weis, , ha ) ’6 and ( h i 37 ). Several e . sp er imn en t a l  char t ’, and deta i led  de sigm i
reco i i imn endatmo ns  resul ted from t h is work .  Rev i ews  of ( l i i ’ ,  re search , and earl ier  work are avai l ab le  ( Wu l feck ’5 : (‘l iapanis ”~(‘rook , Hanson amid ~Veis , 40 ). Since the r esearch , a t t i t u d e s  towards  red cock p it lig h t ing  h a t e  changed , and mami ~ aircra ft
are f i t ted w i t h  wh i t e  m n s t r u m n e i i t  l igh t ing .  a l t h o u g h  red l igh t  l eg ib i l i t y  cons idera t ions  c o n t i n u e  to in f luence  t h e  sp cci fica-
tmon s  of m fl imn y nap and char t  series.

L Other research contracts  sponsored at t ime tune b y time Wright  Air  l ) cvel op mnemi t  (‘ent re  were carried out by the  ~~l,iii
S ta t e  University Mapping and (‘l i ar t in g Research Lab oratory I M(’RL . Mi ller 4’ considered scale and leg ib i l i ty  f a c to r s , ami d
Mil ler . Rowe l l  and I l mt ct i co ck 42 e’.am nmned  methods of rel ief  representat ion.  M (’ R L cont inued to publ is h  research reports
throug h out  the 195(Js . t n l ik e the I t ift ’ ,  (‘ollege work which ended in 1954 , the M( ’RL research was primarily carto-
graph ic. and carried out by cartogr ap hers rat h er than  hu m an factors spec ialists .

Luropeam i deve lopment s  suffered th roug h the r e duct iom i of I t a l i an  and ( ;c r m na n  inl l uences . It  was not u n t i l  1955 tha t
( ; e r mmi a mi y resum ije d t h e  pub l i c a t ion  of aeronaut ical  charts. In the ( ‘K , Freer 43 drew a t t e n t i o n  to the need for greater
s impl ic i ty  and genera l is at i oi i  in approach and !:indin g charts ,  hu t  much contemnporary  European l i t e r a t u re  was conc erned
wi th  polar and global air navigat ion  ( Rams ayer 44 ). In 1956 , M eine of Hundes anstal t  fur F lugs icherung began pub l i sh ing
articles on avi , i t i on car tography,  most ly  descriptive or bibl i ographical  in na ture .  Two except io ns  were h i s  papers on
prob lemiis of colour and relief representation wi th  par t icular  emphasis  on aeron aut ica l  charts ( Me ine 45 ’~~~.

Flectronic develop ments  played an impor tan t  role in aviat ion cartography dur ing  the 1950s. Special m i avigat ion
charts  for l ) I - .( ( ‘ A GEL and Loran radio aids were produced in increasing quan t i t i e s , and as early as 1950 th c  concepts of
capsule charts  reproduced by film or by electronic means on a portable pictorial computer  had been advanced ( Kay 4’ ).
and also those of the roller ‘nap display (Ruffe l l  Smit li 48 . H ar t man 49 , Sperry 5° and Poritzky ” all described working
pictorial computers and au tom at i ca l ly  moving position ind icators ,  and Porit zky 52 described a si m ilar device w i t h  a map
projected from 35 mm fi lm.  These developments , as l )e nmi is 53 pointed out , resulted from the  need for increased automa-
tion of n avigat ion functions in the high workloa t high speed jet aircra ft . However it was not u n t i l  the early I 960s ( ha t
roller map displays  were fi t ted in q u a n t i t y  to operational aircraft .

Fhe problems of radar in te rp re ta t ion  and map aids were the subject of r’ ‘earch by psychologis ts it, the US A ir
For ce Pe rsonnel and Training Research Centre in the la te  l950s ( l) anie l  et at ., ( a) 54 and ( h i 55 , Liebte et al. 56’57 : Lichte
( a t 55 and (h i ’9 ). Fhese studies did not lead to changes in map design but  merely investigated (lie factors in comparing
radar wi th  convention al  maps , Modif icat ion of map design to aid radar navigation were first proposed by cartographers
a M ( ’ R L ( A n g wj n 60’61 ), Slope lone shading of relief was proposed and il lustrated , as a m eans of increasin is th e  correla-
t ion between the radar r eturns and the cartographic portra yal of relief.

In the late I 950s . researc h effort began on the problems of low level hi gh speed fl ight .  Completely fresh t h i n k i n g  on
the cartographic problems was required.  It  was found necessary to develop maps at I :  1 ,000.000 and 1:500 ,000 scales,
Freque n t changes of sheet had to he avoided, and new methods of r epresenting relief and topographical detai l  were ‘ Irequired to assist rapid terrain appreciatmon ( ll arv att ’4 ) . Researc h papers , produced b y M( ’RL , made detailed design
proposals (M i l ler 62 . Angw in 63 , Angwin and IleIk in M ). In 1959 , the first sheets of the US 1:1 .000.000 operational naviga-
t ion char ts  (ON ( 1 were produced , shortl y followed b y thie Royal Air Force 1:1 ,000.000 topographic navigation chart
(TN(’~, using the same sheet lines. A new method of depicting terrain by layer tints was used and m a x i m u m terrain eleva-
tm o ns  were employed. At  about the  samne t ime , the 1:500 ,000 scale US pilotage charts (P( ’s~ and the corresponding UK
topographic tact ical  charts (FIT ’s) , were issued. These series used a conventional  layer system , m a x i m um elev at iomi
figures and h i l l  shading to ac centuate  re li- ~f shape.

‘Flit , h u m a n  factors proble m s associated wi th  the provisio n of maps for high speed low level flight hegam i to be
studied fro m 1963 onward s by McGrath and his colleagues at Human  Factors Research Incorp orated (McGrath and
Rorden 65 i. ‘This programme continued throughou t the 1 960s, New meth od s and techniques were developed and proved .
p a r tm c u l ar ly  the use of ground s imula t ion  of high speed low level flight , but  a major constraint throughout the programme
was the lack of pro fessional car tograph tc support.  The work of Lewis at the l)efence Researc h Medical Laboratories in( ‘ anada marked the  beg inning of helicopter studies , and of the  recognition of the special cartog raphic req u i reme nts  for
low speed low level navigat iom i (L ewis 66 ). In the early I960s the development of projected map displays led to a require-
ment  for profes .siona lly produced cartographic film strips. ‘fhe pioneering work on this topic was largel y done by Honick
of the Royal Aircraf t  E s tabl i shm ent , who was probab ly t h e  first to recognise the need for specially produced maps to
circumvent the I mmi ta t i o ns  of microfi l ining (llonic k 61 ). Fro m discussions begun in 1 965 NA To standar d isat ion evolved
for 1 : 1 ,000,000. I :500 ,00() and I :250 ,Ot)0 scale topographical m aps wi th  worldwide coverage. In the case of the last
ma p, this  was the first t ime worldwide coverage at th i s  scale had been a t tempted .

Much of the a c t iv i t y  in av ia t ion  cartograp lmy during the I ‘~6Os, was covered by two J A N A I R  Symposia 68 ’69 , both
edited i’~ Mc Grath , .  Fhe former included a paper by llurton identify ing themes requiring future  research in aeronautical
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char t ing .  na nv  of wh ich were p r i m mi a n i l ~ hi u u m ia m i  f ac tors  prob lei t is . Tb is in fluenc ed I he i m i i t  iat  ion of a sy st e ,m i at ic
progra m i mm i m e at  t t ie R •\ I • I mist t o t e  oh ’ A s ia  t u o n  Med v i n e  s t u m t hy  ing I)r oh lems in av ia t ion  ea r t ogr ap lmy wi t  hi car tograp h ic
support suppli ed h~ t I m e  ( I K  Mapping  a mitt (‘li:i rt im i g I s ia h i l  ish mien t . (h i is sumpp o rt  im i c lu de t ( l ie  provision of ,ii at eri a l , using
ea rt ograph mc product ion am id pr im i t  im i g f l i c i h i t  ies . specif ica l ly  6 u r h n mn ia mi  factors experim t ’m , ta t  si ~itt ies . I I opk in 70 described
m he liii mam i factors p r m t ic pIes to he m mic orpo r at et t  i ii art cx perim ile mi t al I : 250 .0(10 scale m m i ap xli ve t . i mi t e n ded ho test t h u  v ’
:mpp l i ca h i i h i ty  of t h o s e  princip le s to naps .

l b  TH E SE PAR. \ T E 1)1 VE LOP ME NT OF HUMAN FACTORS

I l u m m i a m i  t ’aetor s as .i ~ iscip liiw owes l i t t l e  to cartography b r  i ts  th eve l op m n e m i t .  I t  h a s  progressed to a stage wh ere
fact  ual h , z mm idbooks prt ’semi I h i t i m i m a r m  f ac tors  knowledge h y  com i mpi h ing  am i d d ist i l l imig  t Ime f indings  of ’ a large miii mm , t ier oh ’ cx pen —
n iem iha l  s tudies . Ma ny of ’ t h e s e  s tu die s  have been related to a vmzm l i on  h ) roh ileii i s . par t icu lar ly  iii ground eorm tro l syst emm i s . h u t
he miu iii her of de fill, t vt ’ fm nd m m i gs d v’riv t ’d frommm original  Sm t idies om i av iat ion, cart ograp hi y . or i mid eed on any car tography,  is

im e g l ig i h l t ’. ~‘ Ii he del: , led rcco inr iit ’nda t ions to ensui  rt ’ t iv ’ ef ’t’ect iven ess of m am iy  k i n ds  of iii fo ruu mat  ion, tl isplay car t  now he
mi i a dt ’ f r oui ,  v’S st mng k mi o sv le dg v ’ . t h e  a p l i h icah  i hi t  y of I hi es t’ disp lay pr inciples  t o maps has scarece ly bee mi est u hh  stied ,
I Iii m iia mi fact ors has s hm owmi remark :, li ly l i t t l e  intere st in muap s, Alt h iou gh miu iiie r oos h uman factors stu dies relevant to imi aps
are mt’mit tomied iii ( h is volu mile . compara t ive ly  few have been conducted b y t h ose wit  hi professional hi ummia n  fact ors k u io w —

l edge amid most are I t ic work (I f  geogr ap l , er s , c artograp hie rs or t h ose tra ined imi o t h e r  d isc ipl ines . whio have t : ikemi an
mitt ’ rest in hi u mu: , n ta t ’ t I rs 

~
, rohi he us arid read so mile of h lie app l ied psych , ological l i tera l  ore ,

I hi t ’ o rmgmm is  ( i t  hi urn: , ii f a c t  ors inc lude  indus t r i a l  psychology h) et ween the  two World Wars ( ‘l ’iffin an tI Me( ’or u mm ic k 7 m
and e:,rlv st u id iv ’s ol sv ’ket ion,  t r a i n i n g  arid imid iv jul oat d iff t ’rv ’nces I McF ar la nd72 I . l’ecl, miiq uie s such as t inie a mid i l i um ion
si t id cs I lI. i r u t ’s ’3 I were des v ’h ~ etf .  Bet ’ore t he Second World War tIme m n ain  emphiasis  was on th ie  des igmu oif comitro l s  amid
St ( lr k s b s .ice to opt i , i i ise  e f f icm e ncy as m easu red by o u t p u t .  I ) u r i m ig  the  Second World War operators encot i mitered
di  n ’t’ku It it’s in mmi t t’rpret m rig new in for mn a (ion displays , par t icul ar l y radar , wit hi t lie rest , It t h a t  t Ime mieed to mu at ch i i mi to rm i i a—
t mon w i t h ,  ht ,rn ai i  c apabi h ,t  it ’s was ackm iowk ’dged.  Fruit , th ien  on , f indings  ae cum iiu l ated on pri nciples 11w the  pr e semita t iom i
of si s i m a l  ,mi t ’orm i iat ion : i t s  ha ~ o u t  a mid coding, i t s  collat  ho rn a mid mirocessi mig. i ts  opt imisa t  ion f’or various tz,sk s . i ts  d isc n imi l in-
a b i l i t y .  legi h i I i t ~ and r e a dab i l i t y ,  anti i ts i n f l u e n c e  oil errors and delays. (;ei it ’r :,h display pri n ciples were riot us u al l ~soug hh hu t  w er ,  derived ss l ien imi d ep t ’ndt ’mit s lu thies  pr otht mced s imi i i la r  f i u idimig s , These pr im i e ples covered d isp la y  dv ’sig i m
int ’l udi  m~ cod mng eo m iv emi t u i  mis a ni l a I pin , mi U mm ierics , workspace design i mi d t id i rig :, n t hi ropom liet n e  da ta  and t’ f ’fec I s  o f t  tie
ph ysical t’n v m r o m i n m i e m i t . control desig,, . and i i ia n — m ach m i m ie  systems inc lud ing  co m , i i o m n ica t i o m is  (Morgan et al. ’4 ) . ,.\l I t h ese
f ind ings  or iginatet i  in far simpler percep lu a l  mi ia te r ia l  than ,  topograp h ical naps.

.- \ t t ensp t s  to build perct ’ptual theories led to much exp er i i i i emit al  work using simpl e foni iis to ) e luc ida te  tin ,’ h i r i i i e iP les
of perceptual  s t r t mctur i n g  and organisatio n amid t h e  resul t ing t h eories and motle ls were co t m ch iett  iii ps~ cli ophy s ic aI
I . \ t  tne ave  and Arnou lt ’5 or mieura l  I h l l a ckwt ’l176 ) terms , ‘I ’his produced few estab l is h , e tf  f ac t s . but  i iiami y theori es . Fhese
studies  tested theoretical  h iypot lmeses  aho u m t (‘ornis (Gibson ” ), Forms were no r m n a l ly  degraded h)y a varie R of i m iv ’aii s , so
t h a t  t hey  were viewed under  iiear th irt ’sho ld condi t ions  u n der wh ic h an increased proport io n of errors in dt ’ tv ’ct ion i . in
tI iscri mn m a t  iou . recognit ion or dent  ificat ion, mn ig t i  t provid e insig h t in to ( lie m ech anis m s i n volved . These t h ieoreh ical
stud ,es d e lmh t ’r at ely eiiipl oyed for m s under  com i d i t iu i ns  where visual  s t ruc tur in g  was just  possible. Practical applied s tu di e s
were concerned w mt hi con id mt ions well above I Ii re shmold ii nder w h m ichi few errors (if opera t ioii al  soul u flea rice u, igh i t occ,m r.
F h m s gap between theoretical  atid pra ct ical  s tudies  was sel olomii bridged. Certaimi s tudies  of t e x t u r e  gr :, dm v ’ mims I (  ; u h s s o t i 5
of pa I t  em percep t mon ( I  lake ~“ I . a mid of forni percept in ( Ilopk i ri so ) d itl hi :, ye hot hi t h i  core t ica I a mitt prac tic :, I a ims  i m i s mes s
amid the  co m lcv ’pm s could he applied to pr actical  prob lemi ic . I ronical ly ,  muc h ot ( hu t ’ most iii t i o memici  al ss ,irk is tios~ through ,  i
Ii , he wrong by its or ig inator  I ( ihs on i 8’ I on I lie grouiids t h a t  t h e  d i s t inc t ion  bv ’h weenl 2— st i i i i i ’n s i om i a I amid 3—d i m , i ~’iismu , i al
perception , implied in studies of form perception , is false ,

Recen thy re k m n d letI in te rest m ni miie n ta I m a  ps and i m ages (Gould a mid Wh ite 82 I hi as cv’n t red on iii a Ii’s ii i  m m m oh Ii i
environmi i ent and of hi mnnself  in i t .  Men ta l  maps and images h ave lon g b e emi s t t md iv ’d as cimes toi geographic orien t a t i o n
( R y a n  an d Ry an 83 ). and researc h con t i n u e s  on how pr in i i i t ive  people navigate (Lewi s ’4 ). ‘ I o hn i i a m i 85 st u di ed t t ie processes
involved in learning cognitive m aps , and Piaget and I mi h eklen 8t have st tmdied h o w  hu m an notion s of repre sent:,tr onia h space
evolve. For hothi of these studi e s ,t , e , i ta l  n iiaps art ’ a tool to un therstamid lear n ing processes b e t t e r , and car tograp h ic
applications were not emivisaged. Occasiomi ally riiap reading processes hiave heemi exa n i i ined not to lear n more ab out t h ier i i
d irect ly hut  hecao,se It i ey are clainie ’d to he analogous to) ottier t h ought processes antI th o us  to pr ovide i n sigh ts a ln i i i t  t h i e m i m
I Barlet 87 

~, 
0; riffi n ’8 defined a m a p  as a graph ic nepresen tat  ion oh’ a schema by whi ic Ii Ire mi ie a mit 1 m a I ide:i Dy n iaps sh ould

conforni to men ta I images . The s tudy oi l ’ n i t ’ n ta I maps sh io u m Id t hi crc tore p row ide iii fo i rn ia I io imi omi t I re  t or i  t t’mi I and coid i rig
oh’ cartography .  hu t  only for  s o mchi speciahised pu rposv’s as the pr o ’o lu et ioni oh ’ t n iaps t’or I hi ’ b h i no l  I iavt ’ r i t e n t a  I n aps .u mi d
mi ri age s being studied to determine  tIm e thought  processes of miiap t,sers , in oro lt ’r 0, cu omp lt ’ , i ic mit  tho se thoug h t processes hs~
su i tab ly  designed mn ap s I Leonard ano h N ew m iian 8° : (‘ol190 ). Sotrr e cli n ical ini ip l icaf  ions of dis tor t  ion s i n mi ien i lal  mi ,aps h ave
been considered in a comprehens ive survey of h iu n ian  spat ia l  ori o ’ntat i i in I Iloward amid ‘I enmr p le to i n 9’ I amid nm i or e recenn i ly
menta l  maps have been re la tctl to ) envi ronmenta l  psych ology by Stea amid I)owns ’1. bu t  ne i the r  of (best , approac h it ’s
includes the cartographic imp h i c a t i i i n s ,

In the  psych ,ologmca l l i te ra ture , geograph ic o ,n it ’n i la ( ion and i t s  associat eol rn t ’ m i hah  p Iot i ’sses )u . i t  t ’ bt’t’ni t rc:iIed pn i ni ia niI ~
as h t, ma n l imi ta t ions  mat her t hu  an as abil i t ies  to he opt m i  j seof and ci in n t i le mmi en I eol . \ gt ’n er :m I e ni t  mc 5m m ,  oh in to ir n i at inn
display design, appl icab It’ to maps amid in m a  tiy oh her con tex t s , is t h a t  I lie display cannot  ho ’ opt m iii  . iIIy m i  at c h ell to h im i m u ni
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- ‘ abil iti es because th i t ’ releva iii abi l i t ies  ha r t ’ never been adequately defined and described. Although in aviation carlo-
grap hm y arid elsewhere the needs antI skil ls  of the users are frequenly mem itioned in nehatiot i  to display design , in practice
t h e  enip hi:,sis ten tl s to he on (lie needs of the task and of operational requirements  rat lien than on the needs of the man.

TI~e app h ica t iom i  of h uma n  factors kn owledge to aviat ion pr oblems of ten  appears to he erratic. For example certain
cockpit in i s t r u i i , e n i ts  and war n ing indicators have been studied in dept h , to the  ex ten t  of precise reconi inienda t ions on the
th e ta i l t ’tl desigmi of ins t m um n ent  dials  (FogeI93 ). yet ni , an y pilots st i l l  enter  cockpits carrying voluminous job aids , including
manuals . instructio i ,s . mimehv ’oroiogicah information , mu aps , and charts , arid find no adequate provision to shore (lien, , ho
classify th ie ni  om to retr ieve (be r n wh en t h ey are nee vhcd. Many of these job aids are poo why adapted to restricted cockpit
eni vino nn i i en ls .

Two m i iain k inds of psychological evidence m ight he expected to assist (lie desigii of aviat ion maps. On the one hand
are ston dies of (t ie  mt ’chanisn is involved in t t ie perception , s t ructur ing and processin g of vis t ma ll y sensed data , and on the

L t i ther are applied studies of how man uses t h is information to perform ta sks. However , studies of the former type h ave
generally been contlucted to test  t h eories , and studies of (he la t t e r  type h ave seldom been interpreted in theoretical
terms , ‘l’Iiere are I h i v ’refore mio ini ini iet l iate  practical answers to such questions as h i ui w t h e  Weber ~h echner Law on joist
noticeable ih iffere n ices sh ould he used to derive a set of layer t i n t s  for maps (Jenks amid Kn os~~) . on how coloomr distort ions
might  affect the visual appearance of maps with  complex colour codings , or on how (lie cartograp h er ’s concept of vi st ,ah
balance ( Robinson and Sale 95 ) could he expressed in psych ological terms. Al t h ough, the Gestalt laws of percept omal
s t ruc tur ing  have been applied to thie  design of symbols for machine th isp tays (hi asterby 96 ), no practical answer is available
on the i r  :,pp h icahi h ib y to terrain depiction and to niap genera lisat ion.

Most pote i i t i a h hy  usable psyc h ological con cepts , tied as th ey are to perceptual t h eories arid nnec h ,anism n s . have proved
d iff i co i l t  to relate to) the simplest informatio n ,  displays , and can seldom he applied wi th ,  any confidence to visual material
as complex as m aps. Sonietimes psychologists have warned that  findings may not generah ise (B ur t 97 ): more often they
have pnesur ,ied t h a t  t he i r  f indings  are general or have failed to consider whether  they are or not. Cartograph ers z,nd
geograph ers have believed tha t  they are justified in discussing psychological findings in re l ationi to cartographic problems
because thie  fint h in igs biave been presented as t r u t h s  unhtedged by condition s ( Robinson 98 ). On the rare occasions when
(lie va l id i ty  of app lyin g h iu nn ian factors reco mut iendations to maps has bee,, quest ioned and tested , the osoiah out comt’ has
been to demonst ra te  that  n ii t meh of the  evidence on display design principles does riot apply to miiaps ( h a r t z 99 : Taylor ’00 ).

a consequence most psych ologists h ave started from scratch in approach ing cartograp h ic problems whereas canto-
(rap lmers have tended to pres t mmiie t h e  relevance of psychological findings. A crucial problem for the psych ,ohogist is
whett ien maps caii he classified as informat ion display at al l , in time sense that  standard reco mnn ii endation s for displaying
infornia t ion app ly to them.

Some htiman factors dat :, is available derived from research on maps. Wulfeck et ~~~~~~ somnian ised recom umnenda-
t ions  on (lie design of maps for use t inder red cockpit l ighting and low level ambient  ligh t , Ekman et al , ’°2 . and others ,
niatle reconimenthat ions on the  design of symbols for representing quant i ta t i ve  informat ion on m aps. Chni stner and
Rj ~”03 studied symbol anti background coding effects on map reading performance , Relevant researc h in related areas
imichudt ’s tha t  of (‘rookm~~ on printed niate n ials . and of Baker ’°5 on grids on PPI displays. However , the q u a n t i t y  o)f such
research is very ( imited and handbooks , such us that of McCorrnickiO6 , have to rely largely on findings from other
coniplex visual displays wit h  unproven relevance to maps.

I’roini the  point  of view of hunian  factors , the concept of displays does not usually include or refe r to n iiap s . As late
as 1960 , Gonih on ’°7 discussed the  app l ic :,t ions of hunian  engineering to navigation equipment  wi thout  n i i emi t iom i ing  n iiap s .
‘h aylor and Hop kin ’°’ considered t h a t  human  factors principles had been applied so rarely to the desig mi of avia t i o m i  ni~ ’s
tha t  it mnig hi t  be profitable to verify which standard recommendations for coding arid displaying infor n i iat i on applied to)
maps and which ,  hi d no it ,  H opkin ’°. advocating the  app h icatio ui of human facto irs principles to miiap design , ca ontioned t h at
thie resul t ing changes in map design shiould not he assumed to he beneficial wit h out empirical verificati on , amid tha t  (he
applicat ion of tties e principles was no soibstitute for adequate job analysis and surveys of user opinion. Al (lie present
t im iie , t lmerefore , the bod y of established fact on display principles for  maps is mtmch less th an tha t  f ’or most types of
disp lay.  Much work has still to be done to resolve si m ple fundamental  issues.

‘h ’h ,ere are severa l reast ,ns for (lie neglect of maps by h uman factors. One is t h a t  mnap designi h a s  tmadi tmona h l y  been
(lie responsibili ty not of engineers or of psychioh ogists w h o  would view maps as one of several display types , hut  of canto-
grap h iers  w h o  follow long established t rad i t io n s and comiventions for information portrayal ,  For many years conventional
car t o grap h ic practices have proved adeq onate . if not opt imum , but technical advances in recent years h ave fo rced carlo-
graphy to become more m iter -d i sciplinary in its approach. Another  reason is tha t  h ioi n n a n i  factors experiments  on maps
are di f f icul t  to design because changes in any single variable have complex in terac t ing  effects on others , and are diffic oi lt
and costly to arrange because skil led expenisive cartographic support is esse n t ia l  to provide valid fim idings. Ar my h i o m m an
factors reco n iini cndatio ins for portraying cartographic inforniat ion which ignore a fo indaniental  restraint in i ip l ic i t  in iiia p
te chmno ho i gy art ’ not only vaho ~eless hut imply naivet i~ or incompetence in the human factors workers.

Display design principles can he related to various psych ological theories. Barniack amid Sinaiko ’~~ assessed (lie
relevance of t h eories of cognit ion to display design , amid Singleton ’ ~ considered the o,se of behaviour theory as a general
approach to display design, Taylor ” has successfully applied information theory to m a p  design. Inevitably,  the si m pler
the  display the easier it is to judge the potential  relevance to it of any theoretical taxonomy ,  parti cularly as a source of
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insight and hypotheses. Wi th  maps , the value of a well established theory niay rem ain uncertain , and the hypotheses it
generates o ,ntena hl e. Not surp risi n gly therefore , psychologists who wish to test a theoretical issue or to study genera l
perceptual laws never choose maps as their experimental  material .  Consequ ently,  the vast nuniber  of psychological
laboratory studies on vision have revealed not h ing direct ly  about maps at all , because n,aps are too visually complex to
he selected to prove or disprove theoretical psych ological issues.. Practical psychological guid ance on map design emanates
fro m app lied studies ,  Wh ile the problems described b y Chapanis u i 2  in extrapolat ing froni laboratory studies to practical
si t oi at i on s sti l l  arise , non-cartographic laboratory material is so obviously di ffe rent froni maps that any genera lisations
from laboratory exper iments  are automat ica l l y  made with extreme caution by psych ologists , although others may be less
aware of the need for caution,

Recently.  a problem famil iar  in oth er hu n im an factors contexts tias arisen wit h  maps because of advances in display
sensors and tec h nology: for sonic reason the man is unable to use the information on his displays, Usually,  th is  occurs
when exis t ing mi laps prove to he unsui table  for new purposes. For example they were never intended to wi ths tand the
process,ng required for projected map disp lays or to h ave radar informat ion superimposed on (bern or to he used to
i n terpre t a collateral in i fra-red l ine se:,n picture . Sometimes essential information has been host on the new display,  sonic-
t imes  n t is present h u t  (lie man cannot make sense of it , and someti m es the quan t i t y  on qual i ty  of map information h a s
hecon iit ’ iniapprop n iate  for i t s  inte n ded function. In such circumstances human factors knowledge of man ’s abilities and
hin i i i t a t i o ’m ns may he used to specify a map wh ich strikes a cost-effective compromise between operation al demands ,
te eh n i ica l  feas ihn h i ty  and financial resources. The aini of human factors is to seek opt imnum solutions to problemmis if these
can he a t t a ined .  Such a single-minded approach must be tempered by a willingness to achieve solutions wh ich work , by
an o i n iders tandimig of the requirements  and constraints  of o ther  disciplines , and by a judicious appra isal of those compro-
nmuis t ’s w h i c h ,  are acceptable and of those which cannot be entertained because they would sacrifice too much in terms of
efficiency. safety or pract ica l i ty .

~



7

CHA I’TER 2

THE PREPARATION AND PRODUCTION OF MAPS

2a SURVEY AND DATA COLLECTION

The procedures for gat h ering the original data  upon which maps are based are not t radi t i onal ly part of cartography.
hl uni ian  factors principles could be applied to processes such as surveying and aerial ph otography as to any other job. If
they  were , they  would cover the application or ergonomic principles to improve the tools of th e trade , and human
int lo ,ences on (lie sur seyimig process such as errors in nieasor in ig angles and distances , and in data reduction. Thiese topics
are outside t h e  scope of this  vo lonm e , bo it their  end product is not ,  The processes which determine the q u a n t i t y  and
qua l i t y  of imifor n iiat ioni  available for nn ap production must be mentioned insofar as they l imi t  t h e  accuracy and content  of
mnap s .

‘\ viat ion has h ash a large iniipact on niap productio n methods , Originally,  data had to be collected by surveys on the
ground , and the qua l i ty  of inforn m ation varied with accessibility of the terrain.  Often the first surveys of a region were
made by am l ia tcurs , and time accuracy of the results was variable and unpredictable : with aviation came photogran mnmetny.
the making  of maps fro m aerial photographs. This technique revolutionised map m aking by its greater speed , precision
and coverage. To some ex ten t  the inviolabil i ty of political boundaries discouraged (lie uniform worldwide application of
p hiotognami im sietry . Recently the extension of the technique to orbi t t ing satel l i tes  has permitted , at least in principle, the
umiiforn n application of photogramniet n ic techniques to the entire surface of the earth , given the necessary international
agree m ents.

A fundamen ta l  problem is t h at users tend to make deductions about the q~ia h i ty  and accuracy of information on t h e
niap from its scale amid appearance. Time nature of the informat ion that  can be included oni a nap depends on the accuracy,
comp leteness and recency of the survey and on the methods of measurement , collection and classification of data.  T h e
q u a n t i t y  :,nd qua l i ty  of surveys vary in different  regions of the world , Discrepancies between different  surveys often
cxu s t  because of irregularitie s in the earth ’s shape or gravitational field . These may prevent accurate positioning of
di f fe ren t  survey areas in relation to each other,  A survey may be suitable for producing large scale maps for infant ry
purpose s but  relative discrepancies between surveys may make them useless for determining missile system target data or
for large scale aeronautical  chant ing (Gammon t m m 3 ).

Methods of ind ica t ing  the level of accuracy by coding on the map itself are rudimentary.  Geodetical surveys are
costly and l eng thy ,  arid there can be no such t h ing as a completely up to date  chart , The t inning of revisions may be
related to the quant i ty  of important information which has become out of date but is often determined more by financial
constraints  than by operational requirements.  Maps may incorporate warnings about  inaccur acy , such as a s ta tem ent
that  relief da ta  are inaccurate  or an indicat ion that the runway li m its of an airfield are unknown , but it is noit known how
the user in terprets  or makes use of such gimidance. Many other sources of inaccuracy imiherent in cartography are not
made expl ic i t .  These include the posit ioning of roads , railways and rivers in valleys . codings for wid ths  of rivers, and
po sitio i iing of place nanii es . Map use is determined by the user ’s in te rpre ta t ion  of accuracy which depends on the Carlo-
grapher ’s so,ccess in conveying accuracy to h i m .

Producers of aeronautical  charts  rely to a great extent  on reports fro m users to update the information on charts
and to improve t h icnr  accuracy , Users are encouraged to inforni the map production agencies of any inaccuracies and
useful  ch anges of con t en t .  On some operational  wju adrons , aircre w annota te  a master chart with  amendments , and a
n i i en mhe r of the sq o,adron is responsible for coll ating and forwarding these a ,nendnients.

Cartograp h y must adjust to (lie amoun t  of information available. It does so in two ways: a small scale niap of a
well mapped region can depict only a small proport ion of the known information:  a map of a poorly surveyed region
at the  same scale may sh ow everyt h ing th at is known even if it is of no practical value to th e user. A complaint by oisers of
aviat ion maps is t h at inconsis tent  cri teria are used for selecting information , l inked to the cartographer ’s need to ensure
tha t  t Ine  finished product shows something rather  t h a n  not h ing. Because cartograp h y abhors a vacuum , desert regions for
example may he portrayed in a way whic h  implies th at  certain features., invisible from the air , will  be seen. A claimed
n ,ieri t of the 1:250 ,000 scale Series 1501 Joint Operations Graphic is t h a t  according to its specification “unreliable areas
are clearly marked , approximations are labelled or synnholised , and accuracies clearly defined” (B enn~ tt , Hogg and
Lock yer ’ ~ I,

It is neces .sary for another reason to be aware of the roles of photogrammetry and surveying before applying human
factors principles to the poirtraya l of information on maps. Operational needs, or the needs of the use r , may indicate that

- . 
~ s ~~



certain distinctions hetweemi categories of informat ion should be made , using different codings, Unless such suggestions
confo rm to a dist inction made in surveying or photogramm etry then they cannot he implemented , no rm lat f er what  their
merits , For certain aviation users , particularl y in h igh speed , low-level f l ight , types of bridges could be separately coded
on the map to facil i tate the positive identification of each , but  sonic of these dist inctions require information whic h  does
not exist worldwide , ‘Fechniques are available and are being improved fo)r the derivat ion of terrain h eig h ts and slopes
froni photognan mmi m etric  r im a t en ial , but  (lie prime purpose of such material is st i l l  to) provide abso lute and relat ive positional
inforniation ( Robinson and Sale90 ).

2b PROJECTIONS

L A perennial  n , ,apping problem is still  tha t  of projection. Basically it is impossible to depict a segm ent of a globe (in a
flat piece of paper whhi out  incurr ing sonic disto irtio ti al def orni m ation. However it is usually impractical to use a globe
directly because only half of nt can he observed at once , and it is diff icult  to handle and store , diff icult  to make and repro-
duce and diff icult  to measure on and draw on. There fore in practice projections are essential. The smaller the scale of
the map, the mmmore serious the problem of distortions become. Distortions affect the ability to miiak e meas urenments fro m
maps and the abi l i ty  to corre~ate views of time outside world with (li e map. For large scale m aps, used principally for
visual navigation , the distortions are negligible , to the point where they can he ignored for visual correlatio n.

Numerous projections have evolved , depending on the needs of the users and oni which information miiust be accurate
and which need not be. Projections are used for navigatio n purposes because there is no angular deformation at any point
on the p rojection but area scale varies from point to point .

A description of map projections in relatively simp le terms has been provided by Ke llaway ’’5 as an introduction to
the subject . A more technical t reatment  of the subject by Ma h ing °6 includes algebraic expressions for all the most
important  map projections.

In order to map the earth at a given scale it is necessary to know its size and shape. The study of this is geodesy
tl3on ’~ord°7 : Ma ling °6). Positions in space are recorded by co-ordinates which specify position in two dimensions. This
principle is used on maps to designate any location by grid reference. A grid refers to t h e  projection system being used.
Thus the universal transverse Mercator (UTM) grid is used with a UTM p rojection.

The distinction between great circle lines and rhumb hines is important in cartography in determining what projection
is appropriate, If any intersecting geometrica l plane passes through a sphere the shape of the section of the sphere at the
plane is circular. If the intersecting plane passes through the centre of the sphere , tIme radius of the circle is the same as
the radiois of the sphere. Such a circle is a great circle, If any two points on the surface of the sphere are selected ,
provided they are not the ends of a diameter , only one great circle can be drawn thro ngh them , and the shortest distance
between the points on the surface of the sphere follows the arc of this great circle , As a result the shortest long distance
aeriah routes always follow great circles. Any great circle line , except those which coincide with (lie meridian over the
equator , intersects every meridian at a different angle. A line which intersects every meridian at the sam e angle is the
rhumb line or loxodrome, Over very short distances great circle and rhumb lines coincide for most practical purposes.
Over very long distances , thousands of miles , the two diverge considerably. The great circle is the shortest distance . (he
line of sight and the path of radio signals but continuously varies in direction , whereas the rhumb line represents the same
direcuon throughout but is longer in distance. (Fig. I) .

The problem arises in selecting a suitable conformal map projection that  either the great circle or the thumb line or
perhaps both must he dep icted as curved, Originall y aeronautical charts followed nautical ones in choosing projections,
usually the Mercator projections , where a straight line on a map depicted a line of constant bearing (a rhumb line) hut not
the shortest distance (a great circle line). The reason was that  it is easier for a navigator to tra vel along a thumb line
having constant hearing. He could draw a straight line between his departure and destination point and follow the
indicated hearing, allowing for drift , winds and compass deformations. These are often referred to as deid reckoning
procedures. The deformation resulting from the Mercator projection enlarges areas at an increasing rate with higher
lati tudes without angular distortion.

Over long distances , travel t ime is shortened considerably by flying great circles. From navigation by plotted dead
reckoning, using Mercator projections , the requirements changed to easy direct measurement of true distances which was
facili tated by projections wi th  rectil inear great circle lines , such as the t .amhent conformal conical projection. Additional
influences in establishing this  requirement were increased aircraft speeds, networks of radio aids . control of air traffic, and
electronic distance measuring equipment which indicated an aircraft ’s position by its bearing and distance fro m its beacon.
Radio navigation and plott ing aids for use with GEE , l)M E , Vortac , Rebecca , and TACAN systems, and small scale
aeronautical charts ( 1:500 .000 and I : 1 ,000,000) therefore use the Lambert conformal conical projection with two stan-
dard parallels. On this projection , scale changes l i t t le  wi thin  a single chart , and the projection provides particularl y good
directional and shape relationships in intermediate latitud es. With the projection great circle lines are straight, rhunib
lines are curved and special aids are required to measure courses and hearing (Fig. I ) .  Maps retated to continuously
generated m aterial , such as the outside visual world , radar , or infra red line scan displays , require th e mini n i i unm distortion
along the track of the aircra ft which may often suggest th e need for an adapted Mercator projection. Large scale topo-
graphical m a p s ( l : 2 5 0 ,000, 1:50 ,000) for visual navigation and dead reckoning continue lo use the Mercator projection.
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TIme universal transverse Mercator projection is used on niaps for polar navigation to provide a conformal projection base
wi th  least deforniation along the meridian of 0° to 180°. In the trop ics (lie original Mercator projection is preferred
because this gives least deformation in tropical latitudes. A further advantage of Mercator projections in genera l is that  a
perfectly rec ( ammgoi l ar co-ordinate reference grid , known as UTM . can be superimposed . Projections for aeronautical chart s
have been discussed by Anderson m n $ . Special photographic techniques are used to rectify maps when copying onto micro-
film for projected map di sp l ays (h l onick °9 ).

The universal transverse Mercator projection is in widespread use for NATO mili tary m aps , including aeronautical
charts. ‘fables are available to transfor m geographical co-ordinates into grid co-ordinates and vice versa , including those
poihli shed by the US Army Map Service and by tI me UK l) irectorate of Mil i ta ry  Survey. Ma h ing °6 gives m ore technical
details of tIme nature  of these conversions,

L . ~Vhereas for most of time above projections , tIme distortions wit h in any single sheet are snma l l enough in visual naviga-
tion not to have any major operational consequences , the rectification of doppler hyperbole on roller maps , and more
recently tIme rectification of VOR and DME radiahs on charts for aerial navigation purposes m a y  reduce the correlation
with the ground to an operationally significant extent. There is l i t t le evidence on how much distortion can be tolerated
wit  bout incurring operational penalties.

One problerm i however in worldwide mapp ing remains the derivation of information in a uniform projection fro m
information originally gathered from nmany different p rojections. The kinds of task in long distance navigation which can
be performed sinmiply and those which require some special job aid or complex calculations nay therefore lead to errors
and depend considerably on map p rojection and in particular on what  is held constant and what is allowed to vary .

The choice of projection affects the corrections which are permissible within  each map sheet. In large scale maps ,
any changes are very small and even with  small scale maps they do not constitute a large source of error compared with
other sources of error present. They do not constitute equal sources of error in each dimension , but it is impossible for
exa m ple if the scale is correct on all parallels for it to be correct on more than two meridians , and vice versa. The reasons
for this are explained by Kellaway ”5 and by Mal ing °6 .

Discrepancies between different surveys make it diff icul t  to position different areas in relation to each other without
supporting photocrometric or satellite data. The accuracy with which cartographic information is depicted must be
appropriate for the data sources. Spuriously accurate information is misleading and potentially c!angerous. The
difficulties in compiling a map fro m sources with different projections should however not be exaggerated , since each
ite m of information does not have to be recalculated , and the relationships and rules to be followed can be derived from
comparisons of the great co-ordinate systems. The changes are a matter of uniform or progressive distortions with
graticufe and grid with  no sudden or unpredictab le transformations ,

2c COMPILATION

In compilation , source material is selected from availab le information for inclusion on the map. This may be done
from geodetic data , from photogrammetry, from satellite information , from intelligence reports , from the knowledge of
area specialists , or from existing maps , preferably from those of twice the production scale. To a large extent ,  the success
of a map in meeting the oiser ’s requirements depends on how well informed the compiler is about what  these requirem.ients
are , and on the appropriateness of his selection criteria. Many criticisms of aviation maps ultimately derive fro m the
cartographer ’s ignorance of how aviation maps are used , and from the users’ ignorance of how aviation nmiap s are produced.
As a result , criticisms made by each niay seem ill informed to the other and are not treated seriously.

Compilation processes often require the transferrence of data using visual judgen ient. Graticules and grids are used
as guidelines , and interpolations miiade by eye. The compiler must ci ;n t i n ua l ly  generalise and simplify , and in the absence
of clear statements on map usage he may be forced to work intui t ive ly .  For a world-wide series, such as the 1 :1 ,000,000
ONC. 1:500,000 PP(’. and 1:250 ,000 JOG, more than one national production agency may be involved. Precise and
detailed specification is necessary so that the content and appearance of the map do not depend on where it happened to
be produced. As a result world-wide m a p  series tend to he aesthetically dull , since any departures fro m the specification
on artistic grounds must he strictly limited.

A basic map, or base map, is constructed from an original survey, usually wi th  a specific fairly large scale in mind .
so that the surveyed information is gathered with an acconracy appropriate for the final ptoduction scale. Most medi u m
or small scale maps are derived from large scale maps and incorporate information from other sources which supersede
the original in accuracy, in detail , in recency or in comprehensiveness. Some of the processes in compilation a.’e desc ribed

• by Robinson and Sale 95 in genera l terms and Keates ’~° provides a thorough appraisal linked to production technology.
Keates also describes the app lication of automation to map compilation , particularly in relation to digital conmputer s .
and using the capacity for automated storage and information processing to circumvent the delays inherent in nm anual
method s and the vagaries of individual’ s choice and interpretation of information.

As long ago as 192 1 , the importance of selecting the information content of aviation maps to match the special
conditions of flying was recognised b y Lees: “The design of air maps must be a logica l one , controlled by the values
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which the aviator places on the various objects seen from his machine”. However , few cartographers are well acquaint cd
wit h the particular conditions of map usage , for example in high speed low level flight. Representatives of the users are
closely involved and largely determine the content of map specifications. Nevertheless these specifications still require
some degree of interpretation by the cartographer when making detailed decisions in compilation , for instance about
which water courses to portray in a particular area . without interfering with  the portrayal of other vital information.
Typically. the compilation instructions in a specification are in the form of guidelines rather than detailed instruc ( io mns .
The following examples are taken from the third edition of The Production Specifications for the Joint  Operations
Graphic Series 150 1 and 150 1-Air , issued b y The I)efence Mapping Agency in 1972. “When the terni landm ark  is used
with in  these specifications (i.e. JOG) it means that  the feature selected as such is recognisab le because of shape, size .
location , or other unique  or outs tanding characteristics , whether  the observer is on or above the  surface of the earth” .

“Power trans nimission li n es shall be shown to a density short of over-congestion . ”

“The road net shall be well illustrated and all roads essential to the comnmunications system must he inc londed. ”

The sentiments expressed in these guidelines are undoubtedly correct . hut  in order to apply these concepts the
compiler needs to be able to define the characteristics of features that  make them “recognisable ” or “essential to the

I , communications system ”.

McGrath and l3orden n 2m distinguished five methods t h a t  have been used to develop selection criteria to aid the corn-
pilation of aviation maps , namely rational analyses , mathematical  analyse s, interviews and quest ionnaires , j ob or system
anslyse s and performance measurement.

Rational Anal yses

In a series of papers issued by the Mapping and Charting Research Laboratories of Ohio State University Research
Foundation , various proposals are made on map content based on rational analysis rather ti tan on empirical studies.
Following detailed analyses of categories of features usefu l for low al t i tude navigation . Summerson ’22 concluded that
maps should be individually tailored to each mission , and Mihl er iui  argued that  the features portrayed should facilitate
periodic checks on dead reckoning rather than continuous geographic orientation.

Angwin 63 argued against the validity of classifying features according to visual u t i l i t y  and supported the notion of
mission specific charts. He suggested that a highly detailed planning chart should be produced , portraying every feature
tha t  might be useful for mnavigation. These features should be portrayed in a muted fashion so that the user , having
plotted his route , could then manually emphasise the features ne would use as checkpoints. Thus he proposed that the
user shotnld apply his own selection criteria for compilation. Although experimental versions of the muted maps were
p roduced there is no record of them having been evaluated. Another feature of his proposed system was that a tape
recorded commentary of the route should be played back in flig ht telling the pilot in advance what features he should
look for. A disadvantage with armchair analysis approach to selection criteria is that  although the arguments may be
well founded it still tends to lead to general directives rather than specific practical recommendations .

Mathematical Analysis

Mathematical  analysis has been applied to the selection of features for portrayal on maps as well as to the more
traditional functions of defining scaling, projection and accuracy. Waters and Or!ansky 24 developed nornographs fro m
data on human  vision to determine whether or not a feature of given size and contrast would be visible at given alti tude.
Meteorological range and the sky to ground brightness ratio were also taken into account in the prediction. A similar
approach was taken by Miller ’23 in considering selection criteria for low altitude navigation. In this formulae , v i sibi l i ty
and time in view were a function of the size , contrast and shape of the feature and the meteorological conditions. This
approach has the disadvantage that  information is required which is not normally available to the cartographer , such as
contrast ratio. If these unknown factors are assumed , the predictions tend to give more information than can be
portrayed on the map. The cartographer is still faced with the problem of defining what the pilot can identif y from the
features he can see , wi thou t  confusions, without confusing similar features. Al low altitude , most features on the ground
are visible: here the problem is one of distinctness rather than visibility. Finally there is the critisism that many of the
assumptions made in the prediction of target detection performance are derived from laboratory studies using simplified
visual fields. Predictions which are so derived may be unreliable when applied to the operational environment (H eap mi4 ).
Other factors such as the pilot ’s visual searc h techniques and the complexity of the visual field affect targe t recognition
performance tErick son n at ) .

Interv iews and Questionnaires

Interviews and questionnaires provide a direct , economical and highly versatile means of obtaining information on
map user ’s requirements , and they have been used extensively in research studies (Bishop, Waters and Or lansky 22 ; Bishop
Dorney and Chann ell’~~: l)ornbach ’27 ; McGrath and Borden 65 ; Murra y, Waters and Orlansky ’28 : Barnard et al. ’29 ). and
by the production agencies (Bloom ’30 ). Questionnaires and interviews can be either unstructured and open ended or
highly structured , or a m i x t u r e  of the two. The degree of specificity of the question determines whether genera l guide-
lines or detailed analyses will be obtained . Rating scales and checklists provide a means of quantifying subjective opinions
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on map content ,  f o r  instance.  Murrell’3 ’ studied the content  of maps for hig h speed low level fl ight and used rating
scales to measure the  impor t a nce  of classes of features start ing from specific examples on an exist ing quarter  mil l ion scale
map. l ’hi s is a mo or e logical approac h t i t an  deducing ti n e spccit ’ic fronn the general, as tends  to be the case wi t h  question-
nm a ire s, l ime end result is simpler in t ha t  t i re  cartograp h er stn l l  has to interpret the  im mn p ortance r at ings in terms of (lie corn-
pi la t ion s  of spe cit ’nc feat onre s in specific coni tex ts .  For instance . i m portance ratings do not tell time conn mpi l er which specific
e san in p l e s  of a class of f ea t r nr es  to portray,  or when tIme exannp les of a class of features beconnes so nunimerous tha t  the
n iean ing of each specific onm e starm s to he lost. For ex anmp l e  t he  portrayal of every small villag e in a region of m any small
villages becoming se t h  del eat ing for many operational roles.

( ‘u n n i h t n i m t n o n s  ot . and In te ra ct ions  between , features o l t en  prove cri t ical  in the practical task of compilat ioni . For
nn stan ce . mn n or  roads may general ly he of l i t t l e  s ignificance,  hut  a par t icular  minor  road tha t  runs alongside a railway
or crosses it hr  a h r ndg ~’ nna~ lie h igh ly s ignmif ica n t .  Fhere are serious practical l imits on how many of thiese interactions
can lie taken i n m u  :neco on nt b y n n i te r v iew or que s t i o n m nai re .  Pilots unders tandably  find it easier to respon d to general
ques tn on s  rat t i er  t i tan  r at ing  scales w hne n m the  la t te r  are not hig h ly specific. Furthermore . th e use of descript ive labels such
as “small town ” antI  “forest cover ’’ have dif ferent  meanings to different  pilots depending on their  geographical experience.
General ly  the re  is a need tor c au t ion  in im i terpre t ing  quest ionnaire and rating scale data  and the quan t i t a t i ve  nature  of the
ha t t e r  sin o om Id mmot in tl ply va l id i ty  and object ivi ty .

Job or System ni Analyses

( artographnc r e qu irenients  can he obtained from analysis of the tasks being per fornned . the navigation aids avai lable.
mite  workload of t i n e pilot and navigator , procedures they niiust follow and their  working environment .  Both Bishop
et al. ’26 and B arnard et al . 129 used job analyses to define infornmation content requirements for maps in helicopt er opera-
t ions . The method is indicative of a broader approach t itan the previous categories , and may include some or all of these
sr~en fic tec lmniq o me s as well as performance nnea surement.  A job analysis provides the logical start for any unders tanding

the selection cri teria t h a t  are l ikely to be required b y time user.

Perfornnan ce Measurement

Pert ’ormance mea sunrem ent  i .  t in e  objectiv e study of the effects of maps variables on the abi l i ty  to map read and
p erf ur nm i task ~. Measurements  can be nn m ade inn laboratory exper iments , flight simulations , and field studies. Perfornuance
ul ea su ren n ents  can indica te  (lie success or failure of diffe rent selection criteria by varying map content system atically
McG rath  et al , ’32 or by coniparing maps produced to differert  specifications (Lichte m8 : Osterhoff and McGrath ’33 ).

Systematic  analyses in wh ich single factors are varied are diff icul t  to arrange because of the h igh cost of cartographic
produc t mon associated wi th  the need to look at al l  possible interactions. Nevertheless when individual cartographic factors
~an he controlled , perfor mance measurement provides the most effective nmeans of analysis.

A l though  th ese m e t im o oi s  have been dist ing omished as separate techniques they may be used together and they often
are in developing seh e ctiuni  c rmte r i a .  ‘[he study by McGrath and Borden ’2’ of selection criteria for maps for high speed
how level  niavigat n on ut il i sed several of these techniques in combination , to good advantage. Eighty one pilots viewed film
of lo~ a l t i t ude  m issions over different  terrain and indicated the usefulness of features for deter m ining or verifying posi-
mno rm s , irrespective of w h e t i m e r  they  were l ikely to he portrayed on conventional maps. Parametric cimaracteristics of the
h . ’ature s were de te rmined  from time f i lnis (size , shape , height , contrast , terra in  context , vegetation context , hue
n i o n m u e r o s m t v ,  c o n t i n o n i t y ,  and a n u m ber of associated features). The existing maps were examined to determin e whe ther
or not t i n e features were portr ayed. A q u a n t i t a t i v e  index of the visual ut i l i ty of each feature was derived fronm analysis
of the  fi lm response da t a .  An index of time cartographic u t i l i ty  of the same features was derived fro m judgeme nts of
probable vis ib i l i ty  and u t i l i t y  made by fifty eight pilots looking at maps alone. A third  index , the selection rate , was
given by the percentagc üf featon res portrayed in a given class . The method provided a variety of analysis including corn-
pa~nson s he ;ween selection rates of specific categories of feature s and the visual u t i l i ty  of these categories in relation to
different  chases of terrain . ( f la t , rolling, nnounta ino u s) ,  The methods claimed by the authors as h aving advantages of being
empirical , qua n t i t a t ive ,  systematic , integrated , analyt ical , f lexible , simple , and economical , Limitations a m .. that  it may he
specmfmc to tIme terrain studied , that  parametric factors ma~ be confounded , that the visual field was not truly equivalent
to t h a t  available to the pilot in flight and tha t  inform ation with no real world counterpart cannot be studied , such as
aeronautical infor n at ion.

In a separate experiment a quar ter  mil l ion nmap was produced according to selected criteria derived fro m the film
ana lysis , and the map was compared with  other conventional maps on performance in simulated high speed low level
navn g a t i on .  ‘Fine results on navigat ion performance fro m seventy six pilots favoured the experimental map, although sub-
jective ratings were less favotmrab le. While this experiment indicates that  the selection criteria used on the experimental
were at least as appropriate as the other maps tested , the value of the experiment was reduced by the confounding scale
and cooling factors.  [he conventional maps were at 1:500 ,000 and 1 : 1 ,000,000 scale; the experinnental  map was
I : 250 ,00() scale. Colour coding on the conventional maps was restricted by a red light legibili ty requirement hut no

r es t n i c tmom t  was placed on the co loour coding on the experimental map. Nevertheless it is crit ical that the original analyt ica l
study provided suff ic ient ly  detailed results to perm it  a highly circumscribed specification to be drawn up. For example ,
the specification for the experimental map includes the following “all bodies of water larger than 50,000 ~ ft m m  area
were selected” .
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“Water coonrses w i th  bank to bank width in excess of 50 ft were selected for portrayal , smaller water courses were
selected when there was evidence of high contrast wi th  the surrounding terrain. ”

l’his compare s with  the following advice fro m the Joint  Operations Graphic production specification, “no a t tempt
should be made to sinow all (drainage) features; instead , a representative pattern of symbols should he added to cover the
area augmi m ented as appropriate by an explanatory note as ‘nonmerous small ponds , hot spring, etc. ’ “.

“Isolated snii all lakes and pools too small to plot to scale should normally be omitted . In the event tha t  they are of
landmark value . small lakes and ponds should be shown. ”

‘[he process of conipilation nmay also use information derived from air photographs and in future  will rely more on
photographs taken both from conventional aircraft and from satellites, Two main kinds of air photograph can be used for
deriving cartographnc inform n at io n , vertical and obli que photographs. The former are less successfu l , as vertical photographs
have to be taken looking directly downwards and need to be within  2 or 3 degrees of the vertical. Oblique photographs .
fron m i which it is easier to derive height information , are classified as high if they include the horizon in the picture aod as
low if they are at greater angle to the horizontal. Techniques for deriving information fro m air photographs . and
correcti n g for possible sources of error , are described by t) ickinson ’34 , who discussed the role of air photographs as a
supplement to topographical mimaps , as an additional sourc e of information to be incorporated onto existing maps, and as a
basis for compiling new m aps .

The interpretat ion of aerial photogr aphs is a highly skilled task. Photo interpretat ion as a source of information on
batt le  areas , target recognition , troop movement , targets states after attack , that is the traditional role of air photographs
in wartime , is not wi th in  the scope of this volume. Aerial photographs are relevant to map compilation , to other tasks
associated wi th  m aps and to other mater ials used in conjunction with maps. They may also be valuable during various
operational roles and for route planning ,  briefing and debriefing (St. Joseph ’35 ).

[he s tudy of aerial p hotographs raised the m ajor topics of pattern detection , pattern interpretat ion , selection of
vns u al informat ion , and the juxtaposi t ion and superimposition of cartographic and photographic material (Kause i36.m 37 ),
‘I’ he principles involved are highly compl ex , and extensive experimentation has often failed to reveal general principles of
pat tern  interpretation , perhaps because of the uniqueness of each pattern and the apparently arbitrary psychological
nature of most postulated classifications of patterns. General principles are difficult to derive because it is impossible to
mn i anipu late  selective parameters of the aerial photographs corresponding to the traditional psycho-physical at t r ibutes
norma l ly controlled in psychological experiments of perceptual organisation and structuring, Clearly an essential stage
in the acquisit ion of skill in interpreting aerial photographs is to learn to discr iminate  those perceptual differences which
have operational significance. This in turn entails additional evidence in the form of unambiguous collateral material
being available dur ing  the learning process. Such material , however , is difficult to come by under operational conditions ,
where for instance it is impossible to verify tIme content of an aerial photograph by inspection of its contents on the
ground at first hand,  Interpr etation may therefore depend on skill and experience and there is the possibility that
uniform agreed methods of training may entrench characteristic misinterpretations as well as reinforce correct ones.
Soni c empirical  confirnma t ion that the interpretat ions of aerial photographs continue to be both reliable and valid is there-
fore desirable and prudent , to prevent false sets and expectancies associated with uniform training methods leading to
agreed interpretat ions which are unconfirmed and may be wrong.

There is often a need to interpret information on aerial photographs as specifically and as definitely as possible. This
leads to a problem in many military environments , ei ther because of the failure to acknowledge the human limitations in
pat tern  perception or because of an assumption that  there must be usable inforniation present. On a photograph it may
only he possible to say that something, as dist inct  from nothing, is there although the operational demands are to state
what it is. It may only be possible to assign a tet~tativ e classification whereas the requirement is for a position identifica-
tion. It may he possible only to specify the class of an object , when details of its size , shape and orientation are required.
The temptat ion is to try and be helpfu l by interpreti ng beyond what  the psycho-physical content of the st imulus will
hear. These are general psychological probhemns which have recurred in patt ern perception which emphasise the need for
caution in interpreting aerial photographs and they acknowledge the human  l imi ta t ions  of pattern sision (Fl ake 79 ), having
sounded a warning,  it is necessary to point out that  many nmodern aids increase the confidence with which infornmiation
may he der.ved fro m aerial  photography . In par t icular  the perception of relief can be very much enhanced and the
qual i ty  of relief information greatly improved by tIme use of stereoscopic principles. Oblique photograp hs can provide
good relief information at some cost in relating adjacent photographs coherently. Aei’ial photographs can be assembled
into mosaics covering a much larger area. Normally only the central part of each photograph is used for this purpose
to minimise distortions of scale and relative position, The main sources of distortion are described by Robinson and
Sale95 in their discussion of compilation from air photographs. Aerial photographs can potentially provide a means of
updating information far more frequentl y than can be obtained by conventional maps , and for certain military maps uses
this is of great import anct . The ability to use colour in photography is also of significance although at present perhaps
more fur certain thematic  mapping than as a basis for aviation maps. (A GAR I )  Conference Proceedings No.90 197 1.)

Keates ’20 , in discussed compilation , sounds a note of caution about the evaluation of disparate sorts of materials.
It may be correct to ascribe data accuracy to material which conveys a clear and pleasing visual impression but it need
not be so. It is necessary to guard against material which can convey spurious accuracy which may be misleading and
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against nmateria l in whic h deficiencies in its presentation lead to underesti m ates of its q u a l i t y .  Keat es also advocates t I n e
riced in conmpi l at iomn to seek expert advice , particular ly in re lation to speciahised imnappi m ng and in evaluating available
published data sources.

2d I )RAW I N G ANt )  PRINTING

When all the inforniation sources for a niiap have been collated , and the desigmm specih ’ic at ion prescribed , tIne conven -
sion of this information into the basic visual content of tIme nm ap by drawing can m take place. This is a skilled task .
requring training and practice un t i l  the requisite levels of expertise and dexter i ty  In ave been a t ta i n ed ,  Al thoug h t ine  carto-
grap hic draug imtsman still has a major and skilled role in cartography, certain aspects of his craft  are hieing modified or
superseded by technical developments and by the int roduct io m m of autonniated processes . which inev i tab ly  tend to l in nm i t
opportunities for f l ex ib i l i ty ,  innovat ion amid aesthetic judgen mn ent .  l ) eve lopnments iii printing,  and ch anges bot h in tine
instrumnents and materials used by the cartograp hnic dr a ught snn ma n , require adapta t ions  of hi c skills. Automated methods ,
if they are to replicate sonic of time niost effective drawing tec i inique s . require tIne quam it i f ied  description of those
techniques in a single precise way which can he set down as part of a conmputer  pro granm.

To some, the  cartograp imer is ident i f ied  wit ln the cartographic dr augh i t sman . whose main work is time drawing of niaps.
However , the  two disciplines are not tIne same. Wh ile t he  cartograp h er needs sonic knowledge of cartograp h ic draughts-
nnnans hn ip  since what  can he presented on niaps must always he wi t h in the  draonght ing tec h ni ques available ,  tI m e same could
be argued about h i s  knowledge of photography, pr im i t ing .  inks  and paper. Al thoug h skill in draong h tsniansimip nmay well he
an asset for a cartograp hner , it is imot a prereq onisite , and Robinso n and Sale95 argue t h a t  a cartographer sinould not abandon
his pro fession if he lacks th is  skill .

Most introdonctory tex ts  on cartography make soni c reference to the drawing tec lnniques and ins t ruments  commonly
used. Rob inso mm and Sale95 devote a chapter to map construction , and Monkhouse and Wilkinson ’39 give a full  descrip-
t icn of the accepted materials  and techniques,  Thnese are so diverse tha t  tiiey cannot  he ful ly  described here. The subse-
quent  phases ~f pr int ing amid reproduct ion are also described in nimo st t ex t s , and l) ickinson ii4 provides an elementary
exposition of the mnain pr int ing methods.

A nm m uc h i ful ler  t rea tment  of the whole subject is tha t  of Keates tm2 0 , who distinguishes thre e aspects of cartograp h y,
metrical , graphical and technical.  a l t h ough it is emphasised that  cartography is a single discipline , already subject to
excessive fragmentat ion and det r in m enta l  subdivision, Time nneasurenients and calculation involved in surveying and in
oth er stages o l der iving a coherent representation of a region , are the metrical stages. Th ey have been nmemmtioned above ,
and are not covered by Keates because of tIme thorough ari d adequate treatment elsewh ere. TIme graphical stage is con-
cerned with  conveying information to tim e riser and t h erefore treats tine mna p as a graphic image , with map symbols
cons t i tu t in g  a language. This aspect will he covered in later chapters of this  vo lunme , hu t  it is pert inent  to note tha t  this
concept of a cartographic image has no exac t equivalent in psychmological theory , being visual as dist inct  from ver h al .
m eani n gfu l to some degmee , normally two dimensional , exist ing as a real object . representational of spatial locations and
int cract io i is . and possessing aest h etic as well as functional implications.

The second part of Keates ’ volume , on time technology of nimap nimaking,  deals w i t h  time building and mi i anipu l at ion of
cartographic inmage s , while the third part covers the mn m ethods and organisati on of modern map production. The book has
the m erit of being up-to ’date in its description 0E modern map technology and automat ion , and amidst  al l the processes
described from production planning throug h to m a p  revision , tIne residual but key role of the cartographic draughtsman
can he viewed in a truer perspective. fechnological innovatio ns in drawing and pr in t ing  will  make a progressively greater
impact on the production of aviation nnaps in the future . The uniform standard s which are desirable in coverage of the
whole world or large regions of it . which are common require m ents in aviation niapp in~ , encourage time in t roduct ion  of
inmore precise techniques and of computer-derived mnethods , since th nere is a need for rigid adherence to standard s, and a
discouragement of art ist ic licence in order to achieve uni fo rm ity ,  no ma t t e r  wlmo the conmpi ler or draughtsnm i an nmiay Inave
been , These condit ions of un i fo rn n i ty  and standardisation on tine whole favoonr the  adoption of modern methods , wh ich
rely less on indiv idual  ski l l  and craftsmanshmip and nnore on computer technology. A conmp letc description of the organisa-
tion , n imaterials amid techniques used in map production is outside the scope of th u s book. However it nmay be helpful  to
outline briefly the main stages current ly  used in time drawing of topograp h ical nnaps for air use. The production of most
other air mnaps and charts  tend to he simplifications of this process.

Guided by a production specification , which has previously been tested on experimental monograph s, a connpi lat ion
manuscript is drawn by normal pen and ink  methods at the same scale as the final product , using source material  available
for the area of interest .  In tIme major map production agencies the provision of sourc e material is a specialist activity.
Most mi l i t a ry  survey organisahions have extensive libraries staffed hy specialist cartographers whose function it is to gather ,
investigate,  evaluate and revise source material ,  In some cases , the complete compilation may be produced by a specialist
compiler or editor , e l imina t ing  tIme production cartographer from the compilation process entirely. Alternatively the
production cartographer receives his source material complete with annotat ions and guidance as to the best information
to be used for a par t icular  part  of the  compilation,

In drawing the compilation manusc ript , all time information to be included in the final product is asse immb le d together
graphically. ‘rhe uni formi ty  and completeness of time compilation can thus  be checked and the selection , classification .
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s inunph i t i c j l i on .  gen cra ln sa tn on . p lot t ing and arrang mnient of time grap hic elements can take  place , according to guidelines laid
d i i wnm in th e  des ign sp ec it ic atno im ‘\ecuracy and content are the main considerations ; the final product can he no nmore
a~eur~lc .im n d ~ i n u t j i n  no m n no r e in t ’ornn ation t h a n  the  coiimpi l atio n.  The symbols used at th i s  stage need o n y  he an
a p p r o \ i n i i a t n o n m  oh Ih ~ ci n aracter i sm i cs laid down for the tlna l product.  I)etai led coding con straints  are normally imposed
later.  l i n u s  t h e  c o n m n p i l a t n o n m  is not necessarily delineated in colour and is often monoc hm ron n e .

flue m anuscript usually consists of a base compilat ion drawn in ink on a plastic med iun m . wi th  several t ransparent
overlay s ‘I’ht- base ctm mpnhat ion i  provides the framework and contains nmost of the planim etric line work such as time
projection and geographic un-ordinat es , grid , drainage , cultural  features , roads, populated places , and costal hydrography.
Separate oser lay s are no nm nn ahl y  prepared for names , vegetation , and aeronautical informati on.  Relief may also he
separated wheni ei ther the relict ’ or planimet n ic  infor matiomi is dense .

In the next  stage . sometimes called fair drawing, tine information to he shown in each colour is separated fro m the
n u man r n s cript  by tracing. Whe m i many different kinds of infornn iation are to be shown in the same colour , such as names ,
railways , spot heights and grids in black . further component separations nmay be mad e to facil i tate future revisions. The
colormr separations form the basis from which the production print ing plates are nmade , Therefore , the design specifica-
tion for the ph ysical characteristics of individual  symbols must be rigidly adinered to in fair drawing, unl ike  the  conmpila-
tion nianuscri pt.

The line work in each separation may be traced as a positive imnage on a light table b y pen and ink methods , or as a
negative image by scrih ing. In scribing, an opaque surface coating is removed from a tra n sparent polyester plastic material
by emi t t ing  and peeling along the required h u e s , leaving the lines transparent against an opaque background , Special
scribing ins t ruments  are used to cut away the coating , ‘Fracing an image throug h the scribe coat is diff icult  and materials
are available which photographic or diazo coatings which when, exposed to the compilation , provide an inmage of the
conipila t ion that  gives an accurate scribing guide , Scribing tends to be preferred to pen and ink methods because it give s a
more precise , sh arp and permanent image . The greater precision offered by scribing also facilitates standardisation . when
large numbers of dra ughtmen are involved.

Pre-prnnted peel-coated stick-o n nmat en ia l s  may he used for pat terns , screen t in t ing ,  type  and styhised symhols . Tone
images , such as hill shading, are produced by pencil or airbrush drawing. Apart fronm requ iring a high contrast the colour
of each separation is arbitra ry in fair drawing; colour addition takes place in the prim it ing process. All the materials used
in making a map are normally uncoloured throug ln the compilation and drawing stages , un t i l  the proofing (checking) and
the final pr in t ing process. This contrasts with  the usual ar t is t i c  process , and means t inat  aesthetic and artisitic considera-
tions , if th ey are to be applied at all , may have to he introduced in relat ion to a single hue , wi thou t  any direct visual
evidence on their interacting visual effects in the final multi-colour map. The correlation between all time single hued
images in the final product has therefore to be done denivative ly and not by direct visual observation of the niultico loured
final product. The ways in which these relationships can be deduced so tha t  the correct juxtapositioning of the informa-
tion in different colours on the map can be worked out depends on the processes by which the map is made. This may
be a suitable role for a computer in fu ture  mapping, since the constraints are conmp lex and cumbersonme when expressed
visually and drawn maniuah ly,  hu t  can he described relatively simply in programming terms. Recent advances iii p r in t ing
and reproduction have resolved immany of time t radi t ional  intransigent problems , essentially by per m i t t i ng  greater f lex ib i l i ty
in the inter mmn ediate stages of mnap production , including advances in proofing and in trial sheets. Great f lexibi l i ty  assists
compilation by making it easier to transfe r data , whether scribed or photographic , fronim one kind of surface or process to
another.  This has led to problems in the organisation of map production , which are now extensive enough for Keat es ’2°
to devote a chapter to them. The automation of compilation and drawing processes at ‘ the role of coniputer s h ave been
described by Peucker m4o , Keates ’2° and Margerison. In digitising source material , time inm ipact of connnp u ter  technology
on cartograpiny will he considered later in this  volume,

After  compilation and fair drawing, fou r nmain operations can he dist ing unished :

( I )  Photographing the fair drawings .
( 2 )  Processing the negatives.
(3) Making the p r in t ing  plate.
(4 ) Presswork ,

Human factors are less import ant  for the successful completion of these phases than  in conn upilation and drawing,
and they are therefore covered in less det ail .  The results of the photographic processes are a function not only of
a t t r ibu tes  of the camera , the fi lm , and the conditions of exposure , but also of the i l luminan t  and t ine  processing emulsions.
Photo grapinic cross-line and half-tone screens , vignetted screens , and colours can pose problems of correction when tine
photographed i m age has to he printed . Photographic masks are used in conjunction with  emulsions to control and vary
contrasts , A variety of non-p h otograp h ic processe s arc also employed in cartography, and Keates ’2° describes fe rric
salts processes, diciiromated cohloids , dia,.o compound s, phot ocinrom ism , photopohy immerisation , infra-red and thermo-
graphic systemns , and electrostatic processes.

Photographic processes are used to duplicate innages during the preparatory stages of mm m ap production ; they may also
be used to produce mult iple  copies of th e final product. However , mul t ip le  reproduction by photographic processes is
t ime consuming and expensive. When large numbers of the final product are required , as in aviation mapping, mul t i ple 
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reproduction is norn m ia l l y  carried out by standard pr imi t ing  processes. In de al inmg wi th  nmu l t ip l e  repr oduction b y pr int ing,
Keat es i�O dist inguishies between intag l io . relief and planographic processes, and between platen , cyl inder and rotary
p n i n t i n i g ,  not ing t h at in s practice tIne provision of large numbers of copies implies rotary printing, so that the p r in t i ng
surface in n u i s t  lie m i  a forum wh ic h can he app lied to the surface of a rotary cy l inder .  TIme commonest p lanographic process
is offset photo h i thography.  In map print ing tIme character istics of t h e  paper , part i cularly in relation to humidi ty  and to
c~ nmtact  wi th  water  and ink nmay m in m i t  choices in the design such as the number of colours , and the capacity of paper
obviously im iti r n ence s tine production and the final appearance of the niap. Ink ch aracteristics likewise influence
appearance anrh production methods. Normally a map niu st he proofed before it is pr in ted;  the complexi ty  of this
operation s depends on h o w  many departments and points of view are concerned wi th  time production of the map.

2e CONSTRAINTS IMPOSED BY PREPARATION AN D PRODUCTION METHODS

Because the  unmaking of a nmap is an intr icate  process , com plex and changing wi th  technological advances , constraints
on its vnsua l appearance are intr insic  in map-m aking ,  To som e exten t  therefore recommendations on prospective improve-
mn s ents in maps which depend on human factors knowledge may nevertheless be impractical.  The human  factors specialist
must learn enough about the discipline to which his knowledge is being applied to avoid proposals or recomni endations
which nmere ly reveal an inadequ ate unders tanding  of the problems , and which call in to  quest ion the value of wh at inc says.
I-however , it does not follow th at the existence of an apparent practical constrai nnt  at the present t ime must  imply  t h at a
potent ia l  inumnan factors benefi t  should not be considered even if it appears to be impractical .  One reason is tha t  future
technology niay make it practical. Another  is t ha t  constraints may be more apprent than real , the  product of conventions
or practice hallowed by t radi t ion  hut  not thereby rendered sacrosanct. Questioning them may either clarify the t rue
reasons for t hmeni and allow a fur ther  judge r nent  on whether  these are compelling, or fo rce discussion of a t t r ibutes  of maps
which imave been so taken for granted tha t  time possibility of changing them , apart from the pract ical i ty or desi rabi l i ty .  h a s
never been seriously enter ta ined ,

The needs of the users or the requirements of tasks have not hitherto had a notable influence on the content or
appearance of m ost niaps; a t ten ip ts  to introduce such an influence are almost bound to engender some funda m ental
issues for debate when they are first made. One implication is tha t  in the future a different kind of evidence may he
needed to settle disputed aspects of the map image , based on empirical , impart ial  data which can be veri fied. The issue
of the relative importance of a pleasing visual appearance of the map compared wi th  its u t i l i t y  is l ikely to be raised :
before it can be resolved , the criteria which are relevant in judging what constitutes a good map niust be agreed. So far ,
there is nominal  and even veh ement agreement th at  time map must meet the needs of the user , and this  is interpreted as
meaning that it must  provide in useable form all the  information he needs to fulf i l  his envisaged tasks; hu t  whether the
needs of the user include a pleasant appearance of the map image, whether uses’s can agree on what constitutes a pleasant
appearance and whether  the a t t i tudes  engendered by a pleasant or ugly appearance influence map u t i l i t y  are all debatable
issues. Nor h ave cross-cultural differences , in thought processes , education , notions of geographic orientation and
concepts of maps , been considered in designing maps w ith  world-wide coverage. There is no reas u .  to suppose th a t  cross-
cul tura l difference would be un impor tan t  in depicting topographical information , in learning to use and unders tand it ,
and even in the  allocation of subjective importance to different  geographical features,

In considering the constraints imposed by preparation and production methods , it is possible to adapt the approach
of introductory texts  on cartography ( Robinson and Sale 99 ), to follow a historical perspective in relation to aviation
cartography (R i s t ow 3 ), to emphasise practical production methods in relation to various kinds of map (Monkhouse and
Wilk inson i39

1 or to describe modern production methods in a context which includes the logistics of map-making
(Keates n io ). Whatever  course is chosen , certain fundanmenta l  a t t r ibutes  of the finished product can he deduced from the
m neth m nds  whic h  have to he followed. One of the  simplest is t ha t  the map is essentially a human product at some stage.
In the  oft-quoted word s of Wright tm6 , “maps are drawn by mi m an and not turned out autonnatically by machine ”. As long
as manua l  scribing, drawing, and positioning is entailed , there will be erro rs, not because of lack of skill or application .
hut  because human  beings are fallible and make errors. Furthermore , the nature and dis t r ibut ion of the errors can he to
some ex ten t  predicted. Errors , which survive various checking stages , wil l  be plausible , generally qui te  small , and diff icul t
to detect.  Al though they may not he random in a statistical sense , they may nevertheless be subjectively random in the
sennse t h at their probabili ty for any given reading cannot he determined by the user at the time. l3ecatnse errors tend to
he plausible , t ime user wil l  have no means of knowing fro m any a t t r ibute  of the nn ap whether  an error is present or not ,
u n t i l  he has the opportunity to connpare the map wit h  time reality it represents. There will  rarely be obvious disconti-
nui t ies , discrepancies or logical fallacies , such as rivers flowing up h ill. The accuracy of location of any given feature
depicted on the map cannot thnerefore he deduced specifically fro m a t t r ibutes  of it.  The accuracy of categories of map
nnform at ion  can , however , he deduced. Errors on a parti cular category, t a k i n g  a miiap sheet or series as a whole , will
depend on map scale , map sources , the skills and tools of the draughtsnnan , the fidelity of the various processes in map
production , and the specification,  Usual ly ,  errors will be normally distributed , so that  the accuracy of a category of
informat ion  can nn pr inciple he stated by a mean error and standard deviation , or some other nieans of describing what  is
average and the m a x i m u m  tolerable plausible error. This will not indicate for a specific example of that category at a
designated geographical location the accuracy wi th  which it is depicted or the size or direction of any erro r. but it will
nndicate  hmow t ar  thnat  k ind of info rmation should be trusted , and to what purposes it may sensibly and justifiably be put.

It may he possible , knowing the qua l i ty  of t h e  original map information sources , in terms of professional or amateur
ground survey, aerial su rveys , t ravel ler ’s tales , conipre hmensi ve or incomplete coverage , etc.. to gauge what  the quality and
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accuracy of the depicted information is in general likely to he , bu t , wi th  few exceptions , thn i s is not different ial ly  depicted
on the map. Indeed there may often be no real just i f icat ion for using a quant i ta t ive  change in the map image to represent
a quali tat iv e judgennent  about information which is itself often qua l i t a t ive .

It should however he borne in mind that  expedients to increase the legibility of a map or reduce its c l u t t e r , by
expanding photographically or otherwise , a small scale map to a large scale , mul t iply  the magnitude of errors by the expan-
sion factor , and may therefore produce a relatively uncluttered but also a relatively inaccurate map at the expanded scale.

One consequence of the advent of computer technology into map production , is that  it may change somiiewhat the
nature of the errors which occur. Somne computer-generated errors may not be plausible and would t h erefore he detected
quickly ,  and some plausible human errors would not be made b y a computer. Errors which depend on the poor qual i ty  of
the ori ginal data would of course remain.

Further  changes in the nature  of erro rs associated with  automation are associated with the conve rsion of analogue to
digital information.  th ese are most easily demonstrated in relation to linear features , where the frequency with  which a
drawn line is sanmp led to obtain co-ordinates determines the accuracy of the digitised line in relation to the analogue ori-
gina l . Great accuracy can only be ach ieved by such frequent sampling that impractical quantities of points to be recorded ,
stored and collated would be generated , so tha t  a practical compromise must be str ~m ck between the accuracy required for
the  envisaged user , and the expense of computer  storage and collation. The necessary smoothing and rounding processes
to prevent a smooth cont inuous line from being turned into a jagged one when digitised are described and illustrated by
Keates n2o . and the relationship between digital and analogue forms is examined more full y by Boy le ’42 . Bickn m or e i43 has
pointed out tha t  both the typical ou tpu t  speed and the typical accuracy of plotting machines using digitised data are
much lower than their maxin m iunm potential  speed and accuracy.

The various sources of erro rs and inaccuracies during map production imp ly that the scale of the final m a p  should
somnehow he influenced by time a t tainable level of accuracy, since the only way to imply accuracy wi t h out a t t empt ing  to
represe mnt qua l i t a t ive  judgements about it in terms of differential  quant i ta t ive  coding is to use the factor of scale. It is
in tu i t ive ly  clear tha t  for example a 1 :1  .000,000 scale map will not depict the precise location of feature s on the ground
as accurately as a 1:50 .000 scale map,  al though the magnitude of this difference between scales is far from intui t ively
clear amid would probably often be judged wrongly ,  However , it is misleading to employ a scale such as 1:50 ,000 for
mater ia l  which cannot bear this accuracy, since designated features must be placed at some precise position on the map,
and such a scale encourage s the belief that accuracy has been l imited only by drawing skills whereas much larger errors
may be present due to the qual i ty  of the data fro m which the map has been compiled. The problem of designating the
qua l i ty  of the information on the map, even when that  quali ty is known , has not been satisfactorily solved b y any method
wimich enables the user to assign an appropriate level of confidence to the information being presented to I-t im.

The sources of inaccuracy associated with  map projections can be determined mathematical ly,  and for most
purposes their  magnitude only becomes significant on small scale maps. Then it affects various map reading tasks
different ial ly,  depending in particular on whether the map can be treated as giving constant hearings. Normally the
prohhe mn of providing su fficient accuracy for particular tasks can be solved by choosing a suitable projection and a suitable
map scale , but any residual sources of inaccuracy from this source are specific to location on the map sheet and vary
across a given sheet. The main practical implication is that  this lack of uniformity of accuracy of a small scale map is
not apparent to the user unless he has a detailed knowledge of the geometric implications of projection syste m s. The
map sheet does in fact give come very indirect indicat ion of error magnitudes , but only to a peculiarly erudite user.
Microfilmed maps introduce the i r  own errors associated with conical projection systems , and methods for overcoming
these problems have to he found (}ionicki~~),

Production processes are sources of inaccuracy only in so far as known difficulties in production have not been
successfull y allowed for or overcome . ‘Fhis applies to a t t r ibutes  of paper such as stretching, or of inks such as slight
inconsistencies wi th in  a specification and variations in colour during the course of a print  run. It also applies to various
copying or photographic processes which form an integral part of the production method , Inconsistencies in h ight i nmg or
photographic processing may introduce sonie var iabi l i ty ,  hut the extent  to which these can be tolerated before the
casual , the informed , or the professional user can detect their presence has not yet been systematically studied by time
t rad i t iona l  psychophysical approach to nne asur ements.  Perhaps for certain information categories niuch i painstaking
effort is expended to remove discrepancies in the  innage , the existence of which could not be detected in use by anyone.

(‘ertain mnodern display developments have revealed interact ions between metimods of processing the niap inm iage znnd
m i s  visual appearance. The qual i ty  of t Ime map image on a TV display depends on characteristics of the camera and the
nm onit o r ,  Projected map inmages derived fro m microfilm are affected by variations in photographic emulsions amid photo-
graphic processing, These can lead to very large dif feremnces in the genera l visual appearance of such maps ( Gu h t m a n ’45 ),
and to some ex ten t  it is possible to vary the visual balance and relative prominence of vario ums cartographic categories
by the choice of fi lm and by thc use of fi l ters during photographic processing. In practice , the main objective in choosing
n m i crof i l n ni  for projected map displays is to achieve a hig h contrast image which is resistant to fading dur ing  extended
periods of u s e ( l l o n ick m 46 ). The psychophysical effects and their implications for perceptu al s t ructur ing and for aesth etic
appearance deserve more systematic study and cataloguing t I -m an they have Init her lo received , so tha t  their  potential  as
a controllable source of var ia t ions  in visual appearance nnay he known and put to practical use .
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In gennera l . t ine acceptammce of tec innica l  iminovat ions  b y cartograp lncr s sh ould e mm h a nce  ti m e appearance and u t i l i t y  ut
t ine i r  products , amid give t ime user a un sure consistent amid accurate representation of his environiment  t h l e a t h ’4 ’  . a l t h ough
i la r r ns on  14 5 suggests t h at art  is as m n m ipor t an t  as technology ins nniap prudu ct iomi.  i ’hm is acceptance n i may he of l i t t l e  practical

alue if it is miot ap p aren s t  I -m im i t ine appearance of time product  t h a t  sonne i m mmproven m me m m t  h a s  been ach ieved , t ln a i  accuracy
in as heemi en isan iced , amid t h a t  greater confidence may he placed in tine inf o rnnia t ion .  M any of the cons t ra im s ts  nnment ioned
by Bt aut m49 stilt  apply wi th  most automat ed methods and modern production te chnology, and indeed n e w  const ra in ts
may he int roduced (Peuc k er ~~° ).

l ) ef , cnencies iii t ine portrayal of relief persist . a l though sometimes iii new forms , because tIme vert ical  d imension
cannot  he represented di rec t ly  on a two dinm i ension a l  surface but  Imas to be comiveyed b y various symim b o lic or pictorial
comivent io m ms amid s t ra tege m mis.  leading to general visual inmpressions , and in te rpo la t ions  rallier t h a n  exact nn e a sures .  ‘l Ine
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precise distance b etween the designated points on a map can be measured exactly with  a simple tool . t lmo sigh , as h as
heemi n i en i t iom s ed . t in i s  may convey a spurious accuracy depending on m a p  scale , qua l i ty  of data  for m ap con sipi l ation , and
sources of error in drawing amid prod uct ion processes . Comi iparahhe accu nracy is not a t t a i n a b l e  in ti m e verti cal d imens ion
cx~ept under  t ii~ rare Circumstances when  hot h n  po in t s  coincide wi th  spot Incights  or w i t h  contours  derived front surveyed
data  rat h er t i tan imsterpo l ated , t h e r e  being usua l ly  no indica t ions  on time map w b met iner  t h ey have been interpolated or not .

B1au t 149 also mentioned the ahn n o st unavoidable constraint  that  by visual ju xtaposi t ioning oh ’ information maps
n mmmp l y causal relationships or associations which m nmay not exist .  Some of t h ese in h erent constraints  can he deduced Ironn
an analy t ic  t r ea tn i en t  of the  e l emm i en ts  of a nnap. such as tha t  of l) ah lherg iSO , A further  const ra in t  concerns the develop-
m ent  of mm me t hm o d s of eva lua t io n  and classification of n m map contents in terms wh ich belie its nature.  In considering n smaps
d rawn  to a par t i cu la r  specif icat ion for a given purpo se , it is impor tant  t h a t  any f indings  or evaluat io ns apply to tIme w h o l e
map series , and arc not region depemmden t  ( Faylor and h lop k m n i S t ) , Yet the uniqueness of each geograph iic~il loca t ioni  amid
co m i s equent ly  of its cartographic por t rayal  is an essential feat unre of maps , to the extent  that  a map would tend to he
accounted a fai lure by time users if it portrayed any two small regions in an identical  way,  time d i f ferences between t hm em ms
being im s npor tan t  for discr in sinat ion h u t  not for evaluat ion  of the series.

It  is possible to view t i m e re h ianic e of cartograpbm ic design on subjective impressions of worth  ra ther  than on experi-
mm menta l  evidence itself as a constra int  on niap effectiveness. Add i t i ona l ly ,  in so far as maps have a language (Bl aut tm49 ),
which is t ranslated by the  car togr apher  t i nro u ng im designm principles (Dornbachs i27 ), timis may be a sou rce of constraints if
in f l ex ib le  s tandards  and commvent i o ns  for portrayin g m m map informat ion perpetuate the notio n tha t  the  use fulness of mmmaps
mc dep en d en t  on learning t h eir t rad i t ion ia l  language.

‘fhe constraim i ts  inmip osed by the t r adi t ional  co m iinmmu m micat i on methods in cartograp h y have repeatedly been questioned
in relation to avnat iomm use . One criticisms has been tIme lack of co-ordination am ong tisose who collect data , coupled wilts
long productnon delays in fu l fi l l ing recognised user needs (Bard et al, i52 ). A rapid mapping capability may h ave to he
developed (Schau hel m si ). If the  need to reduce cross-referencing between the map and other inforns sation sources is postu-
lated as important , then some conmmon constraints  may be abandoned (Freer ’54 ). M e t h o d s  for incorpora ting photo-
granmmetr ic  data in to  map rev ision procedures have been discussed for a long timmme ( I~luffaker iSS ) . and effective procedures
for map revision h ave been detai led (Keates 120 ). Constraints may also originate in conf l ic t ing  requireme nts of different
mapping agencies (Ben n et  et a i m 4 ), as in the Joint  Operations Graphic , a series which did a t t empt  to show on the  m m iap
somethnng of the accuracy of its contents by mark ing  unreliable features and b y labell ing approximations.

Problems of map revision and of keeping aviation maps up-to-date h ave been much discussed (ICAO Aero (‘Inart
M a n u a l t m 5 6 ) but  the  effort  and t im e involved inevi tably  impose constraints.  The use of maps as work ing tools , on wb mieh
ammiendments  are wr i t t en  by hand and information of a tempora ry or specialist nature  is annotated , will  probably a lways
be a requi rement  under  some circumstances , amid th i s  requiremiient  may l imi t  tine funct ions  of maps whic h cannot he
annota ted , such as those in projected map displays.

Accuracy is dependen t  on th e choice and characteristics of tools for scribing. Gammon n i 3  suggests figures for the
s tandard  error in drawing (.0 1” 0.22”) and in positioning during pr immt ing  ( .00W’ 0.5” ) and derives overall production
errors. ‘Fhese of course will vary wi t h  the production techi rnique . bu t  wi th  a typical  error of 200 metres at 1:250 ,000
scale , certain effects can be deduced, The most obvious is the effect on posit ional accuracy but t h is may not he the
most impor tan t .  Since errors are not uniforni  in size or direction . t I me relative positions of adjacent geogr aphic features
may be misin t erp reted , leading to changes in pat tern perception and to consequent failures to recognise expected
patterns.

Constraints nnay be considered in relation to cartograp hic imnformation categories . ‘Fhe development of shading
techniques in relief dep ict i on introduces constraints in portrayal and interpreta t ion (h1arris~~’). Slopes have to he derived
from other data , as dis t inct  from being measured directly,  and therefore arc subject to inaccuracy when represented ,
Photogrammetry a ffo rd s more direct evidence of slopes , and computers nnay facilitate the accurate derivation of slopes;
hut  if the  precision of the evidence exceeds the precision of tIme coding or the precision required for time users ’ tasks ,
then the effort expended in at t a in ing  t h a t  precision in the informmmation about slopes h a s  been wasted frommi the  point
of view of the user, Maps also place constraints  on the number , positioning and let teri ng for place names on th em.
The principles for pl acing names on nnaps have been described b y lmh of i SS whmo contemmded timat there is a single optinsunm
position on the map for each nanme.  Design constraints also inf luence the depiction of woodland , the por tray al of wimic in
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must he conmpatihh e wi t h  relief. Often for aviation purposes, time information which can usefully he derived fro m depicted
woodland m nnay tie less t inan  the informat ion whic h is lost by tine superimposition of woodland symbols onto other
information (Taylor tm99 ).

Technical advances may he the course of fur t h er constra ints  on nimap ec n t e n t  ant I appearance, and the incorporation
of earth-reference materials into maps for aviat ion purposes poses many  problems (Mc Grath 65 ). Also the constraints
diffe r wi th  the technological form of tIme nm m ap. and Mc Grat h 60 desc ribes t . r t1I ) lL ’’

~ s of direct-view mnap displays , of
p rojected map displays , of combined niap/CRT disp lays , anmd of electronical ly  generated map disp lays. New map forms
were also surveyed by Wick land ’61 , Making  a plea for miiore use of three dimensional  map images. Jenks and h rown m62
advocated using ananiiorphic t ransfornmations to reduce construction t ime  f o r  m i nap s . and Ad ams ’63 described a conmputer-
drawn anaglyph nmmap. Orthop im oton m ap s nmay introduc e imn rt her constraints  and proh lenns . and H i l h i M  described how these
mnight he tackled by conimparisons between conventional  and orthophotonm i aps.  Smith ’s ’65 f indings suggested tha t  time
ort lno ph mot om ap is less readable and he found that  subjects took longer to find point  symbols on it . hut  h e  warned thnat
the factor of novelty could h ave influenced his results.

If any  new technological cartographic deve l opnment  is taken seriously, as in tIme nm oving mm nap display (Roscoe ’66 ).
it brings its own cluster of constraints .  Special cartographic support has to he provided (itoot i67 , including filmstrip
support h l onick iSS : I)efoe ’69 ), tIme production of special colour transp arencies (Ferguson tm70 , and their  reproduction
by contact p r in t ing ( i l on i ck ’71 ). In this  regard , tIme new constraints  associated with  the  moving niap display are typical
of those to be expected wi th  any new major technological development affecting cartograpimy.
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CHAPTER 3

HUMAN CAPA BILITIES AS CONSTRAINTS ON MAP EFFECTIVENESS

3m, THE PRESENTATION OF COMPLEX VISUAL INFORMATION

4 In texts  discussing the designs ot ’ informat ion disp lays . dist im m ctions are usual ly  drawn betwee n m broad types of simple
amid complex displays , au md between human  factors evidence relevant  to each classif icat ion.  Some authors  make
t’unm dan n eni ta l  d i s t i nmct j o n ms , such as between real and artificial  disp lays ( Sim m g l eton m m m 0 ). p ictorial and symbolic displays
tM orga n i et al. 74 ). and dynamic or static displays (McCormick iO6 ) Others consider in detail the kinds of information
presented , and make distinctions such as between quammti ta t ive , qual i tat ive , dichotomous,, representational , concentric.
initegrat ed amid graphic displays (Shackel and Whit ti eld ’~~: Morgan et al. 74 )

According to these classifications , m aps are ar t i f ic ial , representational pictorial disp lay s , combining a variety of
pictorial and symbolic repres e,mt ations of both qual i ta t ive and quan t i t a t ive  infor m ation. Mc(’ormick 106 classifies
maps uS static displays because they re m ain fixed all the t ime , yet m m  moving map displays the information presented is
subject to change through time.  Therefore strictly speaking such maps are dynamk displays.

It seems that  maps do nmot readily fit any simple classification of inifo rni mation disp lays.  Most texts refe r to a
variety of different headings or to some general classification such as “complex configurations ” , along with other
mnult i-dimensionmal displays of geonni etrica l and spatial information (McC ormick i06 ). No singl e source gives a compre-
hensive iimtegrated review of the relevant human factors constraints. The reader is forced to gather and compare
information from a va r ie ty  of unirelated sources. In this chapter an a t tempt  is therefore niade to review the principles
of information disp lay relevant to maps , arising fronm knowledge of oman ’s sensory and cognitive capabilities.

If imiformation appears in a form which cannot be seen or understood , much of tIme effort in providing it has been
wasted. Broadly . i imfo rmation may not be used either because of inadequacies in its presentatio n so that the man cannot
sense or resolve it , or because of inadequacies in its interpretat ion in which the information is sensed but not understood.

‘
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Visual int ’ormat ion as complex as that  on topographical maps may have limited effectiveness either because of deficiencies
of presentation , usually psychophysical in nature  or because of deficiencies in im mterpre ta t ion , related to general l imitat ions
of perceptio mn , a t ten t ion , decisiomm-m aking, learning, or memory. The first two parts of this chapter dist inguish between
sensory and cognitive processes.

Knowledge of man ’s sensory capabilities allows estimates to he made of the probabilities that visual information
will be detected or discriminated. From these probabilit ies it is possible to determine the l imit ing cases or thresholds
for the visual system. For information sensed directly, threshold data can be used to predict detection rates , although
this does not necessarily afford aniy means of changing visual performance. For information sensed indirectly and
presented on displays , man can improve detection rates by controlling the presentation variables to ensure that the
information is wi th in  sensory l imitat ions.  Because of maim ’s involvement in display design , it is rare for indirectly
sensed informat ion to be presented at or below threshold levels on symbolic displays such as maps. A cartographic
draughtsman is unl ikely to draw something he cannot see. On the other hand , some forms of highly representational
displays , such as radar and aerial photographs , allow limited mani pulation of display variables , and threshold considerations
become more relevant.  Thus , l imi ta t ions  of man ’s sensory capabilities have usually been considered in relation to these
latter forms of information display, and their relevance to maps has so far received comparatively little attention.

It can be argued that in recent years new forms of display media other than paper , new operating environments
and new operational roles have extended the applications of n mma p s in aviation beyond those originally intended by the
designer. For instance the degradatio n of image qual i ty  in electronic and projected map displays and the effect of
i l luminat ion , vibration and long viewing distances have led to threshold problems with  conventional maps designed for
hand held applications. Given that  maps are not always used as the designer intended , knowledge of man ’s sensory
capabilities may indicate which proposed applications may encounter  sensory l imitat ions and where a change either in
map design or means of presentation may become necessary.

The Perception of Brightness

At the most simplistic level of analysis , the retinal projection of any visual info rmation consists of a distribution
of luminan ces. The response of the visual system to light intensi ty,  the perception of brightness , is the first constraint
on the presentation of cartographic information,  A map nsiust be i l luminated , rc-t le cting or emi t t ing  light above a certain
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nmi im , inun i  level . before tIme map can be seen and st imuli  on it can be detected . The absolut e th reshold for light intensi ty
is that  point below which no awareness of s t imulat ion occurs. Absolute thresholds vary with the state of adaption of
the eye , wm th ret ina l location of the light exposure and with the durat ion of the light.  The m i n i m u m  energy needed
t’or awarenmes s of st imulation un m der ideal conditions is about 100 photons , equivalent  to a luminance of approximately
1mb nm nl ln l am h er t s ( I l e ch t e t ah i7J ). As comiditions depart from this ideal . the absolute threshold becomes much higher.

Il lu m inat ion at threshold levels is insufficient for map reading. The n i in inm i um brightness level for reading most
maps is about la- i mmm ill i l aberts .  Approximately 10 mil h ilamberts  provides an adequate light level for niap reading. The
visual systenm is capable of responding normally up to about hO’ mnihl ilambert s(br igh t suns l ight ) beyond which exposure
to light may become damaging , Map reading is possible at these high light intensities but visual discomt ’ort cam i begin to
occur above 10 mi l l i lam nb er ts  (Morgan et al. ’4 1,

Low brightness intensit ies of about 10~ mni ll i lan sber t s may be used for map readin g at night when the eye must
renmai n semms itive to low levels of i l l uminat ion .  Following a change in i l l unninat ion , it takes a measurable period of t ime
for the eye to become mii axin ni a ll y sensitive to the altered level of ihl unminat ion.  This period of adjustment is called
adaption: dark adaption occurs when the new light level is darker , and ligh t adaption when it is brighter. 1 mm map reading
at nmi ght, if the source of map il lum ination is brighter than  the prevailing ambient i l lumina t ion , the eye will  become
ligh t adapted , and some time will be needed for it to recover its full  sensitivity to the ambient level once nmap reading
has ceased. The recovery tim e is a function of the inte imsi ty ,  duration and retim i al location of the light exposure, It may
take as long as 30 minutes for the eye to recover full s emm sit ivi ty ,  but generally if the map ligh t is dim , the exposure brief
amid the area of visual field il luminated is small and viewed directly, the recovery tini e may be sufficient ly short to have
little operational significance (AGARD CP 26) (ret ’. ”4 ).

The time course of dark adaption can be shown by p lotting the decrease in brightness ( luminance)  threshold as a
functioni  of time after exposing the eye to an intense light. The resulting curve has two parts , corresponding to separate
dark adaption course of the rod and cone receptors of th~ visual system which are differentially sensitive to ligh t.  The
cones are maximally sensitive at levels of i l lumination between I and 10’ mi llilamberts , known as the photop ic range.
The rods are maximally sensitive to levels of between I O~ milh ilamber t s down to the absolute threshold o f t  tT6 millilam-
berts , the scotopic range. Thus when the eye is exposed to an intense light , the rods take longer to recover their maximum
sensitivity than the cones. Al low light levels rod vision tends to be more important than cone vision and particular care
must be taken to minimise the light adaption of the rods caused by periods of exposure to comparatively bright lights
such as nn map reading. The use of low level map il lumination at nigh t places constraints on map effectiveness. Most
maps are less legible under low il luminat ion.  Special map design criteria need to be followed if similar mn ap reading
performance is to be achieved under both normal and low ligh t levels of illumination. Because rods and cones are
differential ly sensitive to colour , red lighting is sometimes used to shorten the recovery time of the rods after exposure
to light during map reading. Such a constraint has major penalties for map design.

Most map reading is carried out above absolute threshold levels and the main perceptual task is discrimin ation rather
than detection. As the eye scans the map the visual system is required to respond to , or discriminate , changes or differ-
ences in inte :isity, called brightness contrasts. As with absolute thresholds , the differential  threshold for l ight  intensity

the just noticeable difference (JND) or the minimum change needed for a difference to be perceived again varies
with the adaption state of the eye , and with the retinal location , the area and the duration of the stimulation ,

To determine differential luminance thresholds , the ratio of initial luminance L and increment in luminance AL
is calculated (AL /L ) . This is known as the Weber fraction. The AL that results in a just noticeable difference depends
on the value of L. Generally, if the background luminance (L) is dim , only a small increase in luminance needs to he
added to be seen as different. If the background is bright , the JND is larger.

The Weber fraction is not constant for the visual system. At very low levels of backgroun d luminance , say I O~millilamberts , a 1 000% change is necessary for a JND. At normal map reading levels of i l l tn minmat io i i  of about 10
mil l ilamberts , a 10% change ( I  milh i lambert)  is noticeable , Hence percentage brightness changes that are readily perceived
at nornial levels of i l lumination for map reading ( I  OmI) may be difficult  to perceive at the lowest level used during
night flying operations ( 1 0 ’ ) when the cockpit lighting intensity is reduced to preserve dark adaptation. For this reason .
maps that are designed to be read at low levels of illumination tend to use unusually high contrasts between symbols
and backgrounds.

At high levels of illumination the Weber fraction is approximately constant. Attempts to scale the perceived
magnitude of luminosity give varying results , apparently depending on the sealing method used. Fechner ’” measured
JNDs and found that  brightness increased with the logarithm of luminosity.  Stevens ”6 used direct estimation of the
magnitude of sensation by ratio scaling and his results showed sensory magnitudes to be exponential functions of the
physical magnitude ,  The practical significance of these differences has been doubted ~~~~~~~~~~~~

The basic principles of scaling sensory magnitude have been used in cartography to design statistical symbols for
representing quant i ta t ive  data on them atic maps. Williams ”8 concluded that Fechner’s law was not applicable to grey
(brightness ) scales for maps since larger intervals than expected were required at the darker end of the scale. Numerous
papers have been published on the sealing of greys and tones; some of these are reviewed by ~~~~~~~~~~~ Ekman and
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J ung&8° showed that map symbols intended ho depict volume in fact were judged on their perceived area and were nut
efficient in creating the desired impression of ch ange in volume. Other authors have used similar psychophysical
procedures to construct scales with equal appearing intervals based on line wid ths  (e . Wright tm5m ), circles (e.g. Flannery m 82

and squares (e.g. Crawford i83 ), him general the guiding principle for the cartograp lmer seem s to be that logarithmic
progressions in p h ysical dimensions of map symbols are more reliably discriminated than linear progressions. Greater
decoding accuracy is afforded by scales with logarithmic intervals rather than equal l inmear differences.

An important consequence of brightness perception for nmap reading is that the perceived brightness of a given
symbol or area on a map is partly a function of the brightne ss of the surrounding area or background.  Thus , a light green
symbol for woods appears lighter in high terrain against a dark brown hypsomctric layer t in t  t han  in low terrain against
a light bi’own layer t in t .  This efl’ect is sometimes called induced brightness contrast , One exp lanat ion of this  p nenomeniun
suggests that  the effect is due to lateral inhibitory and exci ta tory processes at neural uni ts  connected to the receptors
(Cornsweet ’~~). Opacity of inks will also influence the brightness of overprinted areas. On maps , the comp lexi ty of
effects of induced contrasts makes it v ir tual ly impossible to design scales of tone or brightm mess differences that  have equal
app e ari img intervals in all contexts.

The Perception of Colour

The perception oh’ colour is largely dependent omi variations in the wavelength of light. TIme eye is sensitive to lig lnt
wavelengths between about 400 and 700 nanometers. Virtual ly all of the light that  reaches the eye of the map reader is
reflected from non radiating surfaces. The light reaching a surface may be composed of many different wavelengths and
most surfaces reflect wavelengths differentia l ly depending on the chemical or ph ysical structure of the surface, Tlmerefore
the wavelength composition of light reaching the eye froni the map depends in part on the composition of the i l luminating
lig h t amid in part on the nature of the nmap paper and on the spectra l composition of the pr int ing inks. These factors are
the ini t ia l  de terminants  of the perception of colour on nmap s .

The cones of the retina are p r im ar i ly  responsible for sensing differences in the wavelength of light. Bcth rods and
cones are sensitive to wavelengths .icross the e n t n r e  visible spectrum , but niicrospectophot ometry has slnow ’n that whereas
all rods give a similar respomise to  t i g h t  i t  a given wavelength , cones differ in response and can be distinguished into  three
t~ pes ai .’eo rdims g  to I i m t ’ n r  we~ t r a l  .ihsorption funct ion.  This different ial  response is necessa ry for the perception of colour.
I’or t h is n ea ~o mm ,,~~I i~urs  teind to be seen best under normal daylig h t light levels when the cones are more sensitive. At
low light levels wh en th~ cones are operating less effectively l i t t le  colour can be sensed , therefore at extremely low levels
oh ’ i l luminat ion maps appear to be achromatic.

Three separate cone spectral absorption functions peak at about 450 . 530 and 570 nanometers , and are generally
referred to as the blur , green and red receptors. Theorists have argued about the ways in which outputs from these
receptors might be coded and transmit ted.  It can he shown that  all colours can be made by mixing  light in these three
colours. This demonst r at io mm gave rise to the trichromatic or component process theory of colour vision , postulating
independent links between each type of cone and the cortex (l lelmho lt i isd ) . but neurophysio logical evidence (e.g.
I)e Valois et al m s6 ) supports an opponent process theory of colour vision as suggested by Hering tm57 , involving interaction
between the outputs  from each sector. According to opponent process theory , red and green are coded as opposite ,
and so are yellow and blue.

[he phenomenon of induced colour contrast can be explained by inhibitory processes consistent wi th  opponent
process theory . Hence , a gres square in a red background looks greenish but against a green background it looks red .
against a yellow background blue , amsd against a blue background yellow. It  seems likely that the background is producing
some la t e ra l  inhib i t i on  into the grey area. St imulat ing red cones in the background inhib i t s  red cones in the grey area
hut  not green cones thus inducing the complementary colour. Induced colour contrasts are frequently regarded as a
serioins problem in map design (Robinson 98 : Wood mSS ) hut attempts to measure their effects in a map context have
been unsuccessful (Audley et .~1 nN9 )

The perceptual experience of colour is complex. Three psychological parameters are normally distin gsmished in
systems devised to measure and designate colours according to their appearance (Muns ell’90 ):

I )  Ilue , corresponding to the dominant  wavelength
(2 ) Saturation or chroma . relating to the purity of the spectral composition. A saturated colour consists of a

singl e hue or narro w band of light wavelengths.
( 3 1  Brightness or value , equivalent to the luminance or light/dark of colour.

These three psychological dimensions can be illustrated graphically as a colour solid or colour cod e (Fig.2). The
circumfe rence corresponds to the hue , the radius of saturation and the vertical dinmension to brightness.

In the Munsell system , these three dimensions are sealed in units corresponding to equal perceptual intervals. One
hundred equally spaced hues and up to 10 values and 18 saturj tion intervals are illustrated. The system has hi nmit a t io ns :
value and saturation are not psychologically independent , intervals on each scale are not perceptually equivalent , and
the equal interval scaling of hue has been questioned, (Padgham and Saunders m vtm ), More precise specification of co lours
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can be made by (‘li. chromaticity co-ordinates based on mixtures o~ the three primary colours , red , blue and green.
~ evcrtheless the Munsell  system has many practical applications in cartography, such as deriving equal interval scales for
coding quanti t ive nm s ap symbols.

hm mdividuals  diffe r iii their  perception of colour. About 6% of the healthy adult male population have marked
reduced senms itivity to colour , and about O.003”7 of all males are completely colour blind. Two general types of
defective colour vision can be dist ingu t shed.  The  hirst consists of individuals who lack one , two or three of the types of
cone receptors responsible for colour vision. Individ uals  h aving only two colour receptor systems are called dichromats :
those mnssiiig two or three colour receptors are called monochromats , The second amid larger group consist s of people
who are called ano m alous tri chromats: their colour vision may be anomalous because one of the cone types has a
different  spectra l sens itivity t L ,n c t io n s  from normal. The commonest type of anomalous trichromat has an abnormal
green fum mc t m on.  U m m h ike  poor v isual acu i ty ,  colour deficiencies cannot be rectified by optical mn eans , Tests of colour
vision are avanlable  to identi ty individuals wi th  det ’ective colour vision , such as the Ishihara test and the Farnsworth-
Munisell 100 h u e  test.

With  maps it may not be practical to ensure that  all users have normal colour vision. Sets of surface colours have
been developed t h at earn be recognised by both colour sighted and colour bl ind individuals  (Morgan et al. ’4 ) hut  the
number mit colours in such sets is less than that used on most topographical maps. Moreover some valu able conventional
colour such as green may be omitted and magent a nmay be omitted ent i re ly .  If it is not possible to elimin ate colour
defectives t’rom the user population , and if colour discrim ination cannot be ensured , then the cartographer must use
potential ly coni fusable colours only as redundan t codes , in combination for instance with  shape or pattern coding.

Visual Acuity

If obj ects in the  visual field are to be detected , they must have edges wi th  luminance  changes above the differential
thres h old of t h e  eye. A vis ible object wi th  adequate edge contrast may become so small as to be invisible when it is
nmm oved away tr oni the eye. Thus size of an object and its distance , that  is the angle it subtends at the eyt , are important
factors in visual detection,

The smallest visual angle the eye can discriminate is known as its visual acuity. There are several methods for
ni i easunng vn sua l  acui ty  and the results vary with the method used. The most sensitive index of visual acuity,  the
m im i nimum acceptable acui ty .  m easures the ability to detect the smallest possible target a spot varying in diameter or a
line varying in wid th .  Generally, a line of about I half second of arc can he seen 50’,~ of the time. (Ilaber and
hhersh ens on ib 2 )

In map r e adi mmg , nmmap synmbo ls are rarely very small and the ability to see small detail , shapes and patterns is a more
m in p o rta m nt  constraint.  This ability is called gap resolution or minimum separable acui ty ,  and it is measured by the
sm allest space the eye can detect between the parts of a target. Generally the finest resolution that can be achieved
50~.; of the t ime is about 30 seconds of arc. The practical limit for maps to be read under normal conditions is probably
about I m m m i .  of arc, Individuals  vary in their mm . :u i ty, usually due to accommodation factors , and accommodation can
be im proved by prescribe d visual corrections. Standard clinical eye charts measure acuity by comparing the standard
distance (20 feet) needed to see the lines of a let ter  subtending one m inu te  of arc with the distance that let ters recognised
by the observer h ave to be for the lines of the letters to subtend I m m .  of arc. Thus , 20/20 acuity corresponds to a
resolution ot I m inu te  of arc , 20/ 10 acuity is better than the standard and is about the lower bmit . 30 seconds of arc:
20/40 is worse than the standard and about 2 minutes  of arc.

Visual acuity is not constant but varies wi th  severa l factors , including the i l lumination of the target , its retinal
location , target contrast , the adaption state of the eye . vibration and movemm ient. Considering i l luminat ion , there is
relatively l i t t le  change in acunty in the rod or scotopic range of luminance , up to 1Ø~ nmi lh i l amberts.  Above this level .
acuity dramatically increases as the cones begin to function.  This occurs because the cones have m ore one-to-one
connections with the neural cells supporting them , whereas the rods tend to converge on similar neura l pathways. Thus
signals from the cones tend to be spatially precise whereas signals from the rods tend to be spatially integrated. Ret inal
location is important  because cones are deniser in the fovea than in the periphery of the retina.  Therefore visual acuity
is greatest and the Weber fr action is at its niost senisitive in the fovea, Fall off from the centre is rapid , and the eye has
great d i f f i cu l ty  in r eso lvnng the detail appearing in the per ipheral rod dominated areas of the retina although m ovement
may be detected qui te  e h f n c n e n t l y .  Eye nmovement s normally position the targe t at the fovea where it can be better resolved.

Acunty  is reduced if the i l lumi na t ,o~. is dim , if the contrast on the map is low , if the eyes are not adapted to the
brightne ss level of th e nn ap and its immediate  surround , or if the retinal projection is blurred either through vibration or
through eye mo vcmm nent .  All these factors are likely to vary together or independently during map reading in flight.
Consequently maps which present infor m ation at near threshold levels under ideal viewing conditions are likely to prove
mnadet luat c  in flight ,

Whether or not a map symbol of a given size will  be resolved by the eye depends on all the factors mentioned above ,
but because the angl e it subtends rather than its size is crit ical , resolution will largely depend on the distance at which
the n,a~ is reviewed. ‘slost h and-held maps are designed to he read at distances not greater than about SOOmms. Resolution
d , f lmc u l t i cs  in map reading, for instance because of poor illumination , can often be overcome by bring ing the map closer 
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to the eye. On the other hand , resolution can be degraded if the map is presented at a distance greater than its designed
viewing distance. This is likely to occur with automated map displays mounted on aircraft instrument panels , and
special precautiomms may be needed such as immag n ification of the map image to recover the original angular  subtense.

Visual Search

High acuity,  sufficient to resolve shapes and patterns , is available only in the fovea of the ret ina , a region which
extends over a visual angle of about 2° . Eye m ovements , supple m ented by head and body movements , are necessary to
uti l ise the high acui ty  of the fovea over the whole visual field.

The process of acquisition by eye movements is known as visual search. Variables that  determine the effectiveness
of vissna l search are important constraints on the presentation of visual information , particularly on maps where the
arrangement of immformation remains largely unstructured , where the locations of features are di f f icul t  to predict, and
where the information display often covers a large visual angle. For these reasons , search t ime is one of the most
frequently used dependem it variables in map research (Landis et al mS3 ; Bartz~~

4 ; Belier tm95 ).

Three types of eye movement can be distinguished - voluntary saccades , involuntary movements and pursuit  eye
move m ents. Saccadic eye movements occur when the point of fixation changes during scanning. Invol untary  miniature
saccades , rapid eye tremor and slow drifting movements occur during fixation without the observer being aware of it ,
Pursuit movements occur when tracking a moving target and they tend to be slow and smooth when compared with
saccades. Map reading involves pursuit eye movements when either the map is moving or a position indicator is moving
over the map as in most automatic map displays.

Vision is affected during eye movement. Sensitivity is reduced substantially during saccades and for about SOmsec
before and af ’ter these movements (Elaber and Ilerchenso n i92 ) Yet we are not totally blind during saccades. Some detail
can still  be resolved , but the chances of new information being resolved are much reduced once the movement has been
undertaken. Reductions in sensitivity associated with eye movements are usually attributed to visual suppression , the
purpose of which is to minimis e the perception of blur. Rapid pursuit eye movements may incur  some loss in acuity at
angular velocities greater than 20°/second . but the speeds of moving map disp lays (less than 3°/sec at 1:25 ,000 scale)
are usually sufficiently slow for this not to be a factor (Card ~t al. ’~~).

Saccades of ballistic movements , their path and destination. are determined before the movement starts , and cannot
be corrected once begun. Sudden movement or displacements of ob j ects in the visual tield are frequently the stimuli
for saccadic movements. In map reading of hand held maps , the stimuli are stationary and the movement will  be initiated
following extra foveal peripheral processing of the stimulus attributes such as colour and size.

Eye movement patterns during map reading can be measured by a variety of techniques including electro-oculography
corneal reflection and photography (Enoch and Fry ’97 ; Shaw m9S ; Jenks ’99 ). Results typically show systematic rather
than random movements associated with the structure of the visual fields and with the relevance of the feature s to the
map reading task. Irrelevant features tend not to be fixated. During search , peripheral information is used to determine
the next fixation , and search patterns only become random when the observer has information about the target he ns
searching for. Random search is only likely to occur in map reading during tasks such as area familiarisation and map
study. In flight the observer usually knows what he is looking for and often , within equal limits , where to look.

Some cues are move useful in guiding search than others: orientatio n , size and colour are better than shape because
the latter often requires a degree of resolution that is not available in the periphery of the retina (Williams 200 : 201 )

Studies on the at tention getting value or conspicuity value of target parameters such as colour are extremely relevent to
designing maps that can be searched effectively.

Fixat ion t imes and inter fixation distances are measures of search performances. and they can be used to assess map
efficacy. Short f ixa t ion  times and long iut er-t ixat ion distances are indicative of efficient visual search and display quality
(Enoch and Fry t97 ). Fixation duration indicatcs the time taken to process the stim’nulus , and may be expected to be
longer for d i f f i cu l t  map reading tasks and for poorly designed maps since these require more processing. Inter fixation
distance indicates the effectiveness with which extra-foveal information is processed. Distances increase when the relevant
targe t attributes are h ighly conspicuous in perip heral vision.

Fixation duration on average tend to vary between 250 and 350 ms (Barber and Legge202 ). Investigation of attention
fields by Sanders 203 suggests that  peripheral vision can process information up to about 30° into the periphery under
favourable conditions. Saccades are therefore unl ike ly  to be larger than 30° during structured visual search , and in practice
tend to vary between 10° and 30° . Beyond 30a

, eye movements are necessary, and beyond 80° the head must move.
The areas corresponding with these angles are known as stationary fields, eye fields and head fields respectively. An
important limit of eye movement recordings is that they do not necessarily indicate what the observer is attending to.
Attention may be directed at peripher al st imuli ,  for instance in preparation for the next eye movement , or it may he
directed to inputs received through other sensory channels such as hearing. The point of fixation can only be considered
as the most probable locus of attentio n , at any given time. Individual differences may also possibly be important ,
even in for examp le in influencing fields which are searched (Johnston 2

~~).
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The efficiency of eye mn ovenment patterns suggests , an optimum size l’or map displays. Enoch205 recorded ey~
fixation during visual search of maps snibtending visual angles at the eye between 8° and 51 ° 18 minutes. The results
showed that , with maps subtending greater than 9° visual angle , f ixations tended to concentrate around the centre of
the map , and few occurred in the periphery. With sniah ler maps subtending hess than 9° , f ixat ions  fended to be made
outside of the map area. This suggests that  ;iiap displays of subtended anmg l e of about 9° or h aving a dian i~ ter of about
5 inches at 30 inch viewinmg distance , are near optimum in term s of efficiency of eye f ixa t ion  patterns. Most map displays
in aircraft cockpits are approximately of this size.

3b THE INTERPRETATION OF COMPLEX VISUAL INFORMATION

The t’oregoing section discussed sensory factors involved in the detection , discrimination and resolution of complex
visual informatiom s, In this section , perceptual and cognitive factors involved in the recognition , identification and
interpretation of complex visual inforn mation will be considered.

The interpretation of comp lex visual information has been the subject of prolifi c research for many years. As early
as 1965 a survey of the literature produced 245 ref ’erences in the area (Kause ’37 ). Some of this l i terature has been
intended to improve knowledge and understanding by establishing facts and building theories. Some has considered the
practical problems of interpreting complex information in numerous settings. Despite all this effort the current state
of knowledge does not provide a great deal of practical guidance for resolving applied problems. For instance ,
McCormick no6 , in hmi s standard text on human engineering, refers to only eight studies in a five page discussion of complex
informat ion displays.

Related research on pattern recognition and form perception has demonstrated that numerous factors influence
their interpretation (Hopkin 80 ; Zusne 206 ; Corcoran 207 ). Hopkin 5° included the effects of such factors as visual content ,
verbal labelling, set and learning. Most of these factors which apply in interp reting simp le forms are still present when
complex material is interpreted and in addition further factors and interactions are also present.

Some notion of the complexity of the factors which may be treated as dimensions of visual information displays
can be derived t’romn the work of Siegel and Fischl 200 , 209 They concluded that  the experience of the user partly
determined what was the best display. Interactions between the user and the display were highly important with complex
displays such as maps , but these interactions are not usually considered in disp lay recommendations. Operators
distinguished seven relevant dimensions of displays which the authors interpreted as st imulus numerocity,  prima ry coding,
contextual discrimination , structure scanning, critical relationships , cue integration and cognitive processing. Each of
these seven is itself complex , and on maps interactions may be expected between them. Whether these dimemisions are
valid for all m aps is debatable.

Many mil i tary tasks involve perception and interpretation of complex visual info rmation , If general laws can be
derived in the laboratory that  remain valid in applied contexts , their  potential  value is very great iii terms of saving of
research effor t  and improved efficiency of tasks and systems performance. But the more factors which are discovered
to be relevant , the more difficult  it becomes to derive general laws which will encompass all of thcnn and their interactions.
Some twenty years ago mml ajor publications considered form discrimnination (Wu lfeck and Taylor 2 m0 ) and pat tern percep-
ti o mm (Hake ’9 : Weis, et al a n m ) in relation to mil itary visual problems: in some respects the progress made since that  t ime
has not been spectacular. Subsequent research has often tended to invalidate previous findings rather than to extend
the body of established facts (AGARD CP -41 2m2 ). The pictorial display of informat ion for reconnaissance interpretation
has long been consnder ed a niajor problem (Whitcomb 2t3 : Sadacca et al. 154 ; Sadacca and Schwartz 255 ; Nelson et al. 216 ).
Maps are used as briefing aids and as collateral material for reconnaissance tasks. Consequently, a substantial proportion
of the l i terature considering map reading as a complex visual  task , derives from reconnaissance interpretat ion problems
(Lichte  et al. 56 : Bush et al , Zul ; McKech n ie 2 m 8 ).

Attent ion

Limitations on nnan ’s abi l i ty  to handle  and process int ’onmi ation are a major constraint on nmap design and m a p
reading performance. Unl ike  a camera , man cannot look at a visual display, such as a niap , and sense and record all the
information both immediately and accurately. Perception is an active process and man must  scan the display, and
selectively take in and process the information in a serial rather than parallel fashion (Mil le r 2m9 ). This process is called
attention (Treisman 220 : Moray 22tm ). It ’ a large amount  of inmformation is displayed for a short period of t ime , somime of
that information may not be attended to and therefore not processed. Thus , in map reading in flight , when the map
must be read at a glance , a cluttered map conta ining large amounts  of irrelevant information is likely to be a disadvantage
(Taylor 222 ). Ringe l and Vicino 223 were concerned with map-like s t imul i  anmong others in determining tnow infornmation
assimilation was affected by the amount of change introduced wh en information was updated.  TIme type of errors made .
rather than accuracy , tended to be affected by such changes. They concluded that it was operationally advisable to
confine the information on a single display to the essentials. Other authors Ima v e studied the deleterious effects of
increasing info rmation density on map symbol legibility (hl anby and Shaw 2”). Generally, there has been very little
research on the effects of information density and gener alisation on map reading performance , and there are few practical
guidelines for the cartographer concerned with the selection and compilation of’ map content.

_ _
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In ord er to increase the rate of processing of complex visual information , man tend s to perceive stimulus elements
in groups or clusters. The groupings that are formed tend to be those that past experience has shown to be high ly
probable and highly relevant. This process is known as perceptual organisation or perceptual structuring. In map reading,
it allows the trained and experienced map user to integrate related codings amid perceive relationships such as bet ’.veen
contours , hill shading and layer t ints (Jenk s ’~~). On the other hand the map may be difficult to work with if the user is
inexpe riemmced , or if the coding is poorly designed and difficult to integra te , Illusory perceptions are possible , such as
the inversion of perspective with hil l hading. Exaggeration of coding dimensions may facilitate perception , as in feature
generahisation and in three-dimensional m apping (Jenks and Caspall225 ).

Generally, man prefers to work with information displays that  are structured and organised (Landis et aI m9 3 ) an d
that require minimum at tent ion (Massa and Keston 226 ). In map design , the cartographer can facilitate processing by
imposing organisation , s tructure and integration through coding meth ods, Many genera l design principles are recognised
in the cartographic literature. Some of these include the selective emphasis of features according to task relevance , the
separation of informat ion into visual planes , visual balaimce and symmetry , association by grouping, proximity, continui ty,
closeness and placement , figura l goodness and figure-ground segregation (Woodiss : 227 : Dent 228 : Keates ’20 ). These
commc cpts draw largely on the principles of Gestalt psychology (Hochberg 229 ) and the graphic arts (Arnheim 230 ). To some
extent , they have been more systematicall y applied in the design of symbols for machine displays (Easterby 231 ).

Constraints on the interpretation of comp lex visual information arising from attentional factors are incorporated in
most contemporary th eory on human pattern recognition (Neisser 232 , and 1-laber and Iler shenson i92 ). During visual
search the eye fixates on distinctive features with high information content and the sensory image is built up and integrated
from a series of visual snap-shots Mackworth and Morandi233 : Hochberg 2

~~). This process is sometimes called figura l
syntlnesis. Similarly, when patterns amid shapes are remembered and recognised it is usuall y on the basis of their  distinctive
features rathmer than their  detailed form. Perception , it is argued , is therefore a process of individual  feature analysis
rather than a process of temp late matching. The perception of form or pattern is an integration of the individual
elements at a later stage of processing , Given this , it follows that  symbols are inure easily recognised and identif ied if
their important dist inguishing features are emp hasised in design, and made highly discriminable ,  Partially rel evant and
irrelevant features should be visually suppressed or omitted altogether. ‘ro a great ex tent ,  this  primicip le is followed in
the gener ah isatnon of l inear and area features on maps at progressively smaller scales. Often it is neglected i nn the design
of al phamiumer ic , geometric and shape symnbo l codes.

Memory

Map symbols are recognised and identified by ass ociatim ig the physical characteristics of the s t imulus  with meam m ings
stored in memory. Two kind s of human  memory are nornially dist inguished.  short termmm amid long term mnemory
(Atkinson amid Shiffr in 235 : Nor mu an 2

~~).

t I )  Short Term Memory (STM ) is a temporary . l im i ted-s ta y ,  h u t ’tn .’r store in wh mictm in formation received through
the senses is held prior to centra l processing and incorporation in a permanent storage. Short term memory
has limited capacity:  information is rapi dly lost (forgetting ) by trace decay or interface from other incoming
items , unless rehearsal occurs. In recall from STM confusion tends to be due to physical characteristics
(acoustic or visual) of the stored s t imulus  rather than its semantic correlates. This latter researc ln finding
suggests that inf ’ornm m atiom i stored in STM is encoded on a sensory rather than semantic basis.

- ( 2 )  Long Term n Mennmory ( LTM ) is a permane nt  store with unlimited c~” v in which information is mostly
coded in a semamiti c representation conta ining a meaningfu l str ’ ‘isual information may be encoded
visually or verbally hut ,  gen era l ly,  the more meaningfu l am ’ ~~~. u i io rmat ion  is easier to mnemorise am i d
recall. Errors in recall from LTM are usu ally characteri s’ mc rather sensory based com it ’iis ions.
Inabili ty to recover informat ion Im u ld in LTM , or forge- st likely due to a failure iii t h e  recall process
rather than permanent loss of memory trace decay, Un i , ,~ . - . ecorders . there is mm o erasure fac nl i t ~ in human
LTM; once items have been enmtered in the LTM store then they may always be recalled.

During ni m ap reading, both the STM amid LTM have impo rtanit  roles , depending on the precise na tu re  of the  t , i sk .
• Tasks requiring the immediate ident i f icat ion of symbols wi thout  referenmce to map legends. rely larg ely 0mm m n l ’ornm ia t i on

stored in LTM. Tasks requiring the mnmatc h ing  or visual correlation of maps wi th  oth er complex vi sual or st ’rbal nnm h ’ornna.
tion , depend on STM as well as LTM factors. Here the main constraint  on nm ap ct ’fect iven iess is the  h i nmi ta t i on i s  on the
amount  and duration of information that  can be held in STM wi thou t  being transferred to t I M  S~k mnler  ~nd A h rj n m ms 23 :
Cohen 238 ). Pre-f lnght p l ann i nm g amid route study inmvo lve co mnmi t t ing  m a p  in l ’orm at ioi m to t I M  rather  to SRI . and lmer c the
major constraint on nm iap et’l’ectmveness is the  abn h i ty  to store the imi fu rmn n a t ion  amid recall it ~ hm en required .

In map design , the cartographer can m m nm , m m nmse  the users d i ff i ctnl t ~ in storing and rec a l l ing m a p  nmnform a t ion  froni
memory by displaying the informat ion in a structured , organmi sed manni cr  which c amm he rc adih ) encoded in mi l enmory . and
by using sym bols that are immediately meaningfu l and hav e h igh associati on valu e .  An early study by Koponen and his
colleagues 29 nn relation to aeronautical chart symbols demonstra t ed the f ’im n dnmi g .  since repeated in many other contexts .
that the associational value of symbols is pertinent and that  it is determined by several fact ors. lie concluded that
effective chart symbols should quickly bring to mind the objects they represent and that , given a choice , subjects most
frequently select sy mbols pi ctorially similar to the feature they represent. He recommended that symbols should have a
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e omnnnnnom i  m i n e amiinn g t l nat  coukl  be inmterpret ed by nnm o st peop le and mmoted t h a t  many of the  exist ing syonhols h a d  low associa-
t ional  s- aloe. Rescar et i on time re la t ive  mn l erits of different  colour , shape , geometric and alphanumeri c :  codes is highly
re lev a m n i to th is  prob le m i ( I h i t t 25

~ . Sn m mthn and I ’hom mm as 24° ; Smnith et al , 24m I . On time other hand , the m m nap user can improve
his nn na p reading perr o r mi n am n cc by nm lemi mori s in g time meaning of the nmap symbols rather t t nan  relying on occasional glances at
the  n mn a p legend , .i nmd by lt ’s~’I o pmm n g te c i nni ques (‘or nm m enn m or i, ing patterns of map informatiomi that  fac i l i t a t e  recall and 

•
i increase nn n ca mlii ~ m c l i i  ess -

o ne c o m n s t r : i m n t  on m ima p  cl~’sigm m in im l io s e d by 1. 1 M is tha t  once convemmtions become establis h ed and symnihols become
associated w i t h n  speci fic . m i me a mning s . .i mnv subs equent  var ia t iomm in synuhol usage is l ikely to cau se prohknns for time user, For
son ume users , b r  im i stj n c c . a gnv c nn colour wil l  tem m d ta  produce a given respomm se , and only extensive learning and re- t amih iari-
sation wil l  ov erc omn e th is  proh le mn m New mim a p designs are invariably at a serious disadvantage conipared with existing nnaps
because of tIme d i f f i cu l t y  of ’ l ear m iin i g miew nn mea mnnnng s  for old sym m nbols and vice versa ,

Perceptual Learm iing

‘[he process whereby inform at ion  is stored imn long term ni memmmory is known as learning. Many mil i tary mnap reading
skills amid techniques are taught , learnt or acquired from experience (Ander son 242 : Pickles 243 ; l)rury 2

~~), One of the least
understood skills is t l na t  wtn ichi allows an experienmced mn ap user to look at a map and apparently obtain far more usefu l
informiiation t lnan the  inexperienced observer, Such perceptual learning draws upon a variety of complex perceptual
factors whic h psychologists h ave barely begun to understand,

‘[he l i t t le  understanding of perceptual learning that has been gained derives mainly fronn indirectly related studies
of radar displays . such as those reviewed by Lichte et al , 56 .’ Somne studies have demonstrated tIme importance of active
p ar tm~~pat ion in mennorisation of complex visual information (Mayer 24

~). and the effects of positive transfer fro m previous
form discrimination learn m ing to subsequemit t a sks (h l ake  and Erikse n 2

~~). Others have compared student ’s and instructor ’s
perforniance on reconnaissanme e interpretat ion tasks (Lic hn te 247 ), and demonstrated the importance of feedback on percep-
tual  learning (Lichte  et al. 56 ). Nu mn i erous studies on teaching perceptual map reading skills have been carried out with
chmildr en (e.g. (‘arswell248 ), whereas nn i i tary studies hav e mainly been concerned with identif ying the individual map
skills , not specifically perceptual , involved in land navigation (F ind lay et al. 249 : Cogan et al. 250 ).

Expectancy and Pe rceptual Set

t h i s  in terpretat ion of connp l ex visual patterns , and all other sensory information , is partly influenced by information
rec~ise d b y the  senses and partly by information stored in memory. Stored information fend s to be utih ised mostly when
even t s  arc h ighly  probable and predictable , t h us reducing the am ount of sensory informatio n that needs to be processed .
Rut it is abused when workload is high , and when information received by the senses exceeds the organism ’s channel
capacity,  when the senisory informat ion is inadequate , degraded or incomplete , and when the organisnm is stressed. The
inf luence  of stored information on perception is known as expectancy, or set. In the case where a high ly probable event
is perceived , the perceiver is said to have an expectancy or is ‘set ’ to perceive the event. In the interpretation of complex
vns u a l  patterns , sucin as maps and collateral infor m ation , expectancy nay be beneficial to the extent that  it increases the
rate at ss linc h i the  inmfor rm nat ion  can be processed. Knowing th~ nature of the sought feature improves searc h performance
for instance , Experienced map readers proI,ahl~ have good perceptual sets. Expectancy can also be a disadvantage when
it leads to a false hypothesis about tIme na tu re  and meaning of the stimulus pattern.  Thus , expectancy may lead to an
erroneous interpreta t ion of terrain shape when an unfami l ia r  configuration occurs or when unconventional map coding is
used , such as layer t in t s  indica t ing  ‘the-l ight r -the-higher ’ rather than ‘the~~arker-the-higher’,

Individ u al I)ifferences

In addition to those constraints  which are comimm mnon to all (insofa r as they are inextricably associated with  the visual
mechanisms for processing information) there are indiv idual  a t t r ibutes , relatively stable , innate and uninfluenced by
learning, whi ch systematically a ffect the meanings and interp retations assigned to complex visual st imuli  by the individual .
One of these is the nature  of the individual’ s imagery which is most commonly visually dominant  but is not always so.
‘[he abil i ty to recall past visual s t imuli  and situations , and the clarity and level of detail which is associated with such
recalled images, vary greatly among individuals. In extreme forms , these differences can have marked effects on learning
methods and efficiency, as for example , in those with a photographic memory. The topic of imagery, and individual
differences in it , fell into disfavour in psychology . partly with the advent of learning theo ries and a behaviourist approach
and partly because it did not lend itself well to many of the traditional experimental methods. However , recently
renewed interest in the subject of imagery has arise n and there are several textbooks (Bidern nan 25t )  an d collections of
papers (Sheehan 2SA ) considering further  aspects of imagery . Further papers have extended the concept to mental maps.
and to theories of pictorial representation (Gombrich253 ). While it is agreed that  the principles of design shiould he known
to the map compiler (I i a lasuhran ianyan 254 ), this should be done in relation to knowledge on mental imagery. Sim ilarly the
consideration of illusory effects associated with certain cartographic conventions (Clarke 2” ) might also be related to
visual imagery . At tempts  to apply the principles of visual perception to map design show a greater appreciation of the
visual structuring principles than they do of attr ibutes of the map user such as imagery which may nevertheless substan-
tially affect map usage and design (Wood~~~). Jenks ’” noted that more map information could be stored in the memory
than could he reported verbally and since each map user had a memory of a distribution the question of whether all these
users had similar or different memories and images and whether the image of the user matched the image of the
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cartographer heconmes im portant. Jenks considered this problem in relation to geometric mapping , but it has wider
applications. He also reported gross individual differences in the eye movements of people while n nmap reading. Will iams
and his colleagues 256 , in considering eye movement recordings., suggested that in order to predict search t ime adequately
for maps , e ffects of the central and periphera l discriminabi l i ty of information would have to be quantif ied ,  Inmages
h owever are highly relevant here if only because of the reported findings of Sheehan 252 tha t  the scaniming of images does
not necessarily involve eye mm m oveTm m ents  and therefore need not be represented on eye movement recordings..

Tests of individual differences in intelligence , spatial ability and related personality measures such as field
depende n ce/ in d ependen ce (W itkin 257 : Thornton et al. 258 ) might be expected to be related to map reading abi l i ty  in adults
i Lichte et al. S6 . There is considerable evidence relating individual differences to map reading abil i t y in children and
adolescents ) Rushdoony 259 : Fisclmer 2

~~: Carswell26 ’ : Ki l lma n 262 ; Plunn le igh263 : Riffe l264 : Murdock 265 ). Research on
indiv idual  dif ferenc e ’, in adu l t s  is comparatively l imited.  Tallam’ico et al. 266 found that Army basic trainees with  high
intell igence were more ski l ful  on map reading tests prior to t ra ining,  and learnt mu iore during t ra ining than lower inte l h i .
gemmce groups. Findley et al . 2

~
9 found significant intercorrelations between tests of genera l reasonin g (reading, vocabulary .

ar i thnnmet ic  reasoning ) spatial ah ih i t i e s ( p a t t e r n  analysis.. spatial orientation , spatial visua l isation ) and a variety of m nmap
reading amid land n a v ig a t iomm t cst s in Qô Ar m y personnel who had recently completed combat training. Phillips et al. 267 .
in a stud ~ of the legibi l i ty  of relief mimaps , obtained a fairly high correlation between a test of spatial imnagery and a general
score of map read imig abi l i ty  hut  it did not give good predictions of subjects ’ abi l i ty  to visua h ise relief ,

3c GEOG R~~~~PH l CAL OR lENT ATlON A
Geographical orientat ion is treated separately from other sensory and perceptual constraints on map effectiveness

because of its particularl y high relevance to nmap reading in flight , The concept of geographical orientat ion refers to an
abil i ty to sense or know one ’s location in a geograph ical setting, by designatimmg it either in absolute ter m s such as
co’ordinates or positions on a map, or in relative terms such as its orientation with respect to other features. It includes
notions of direction ,  however these were expressed , and geographical disorientation is normally equated with being lost
or uncertain of one ’s whereabouts. It need not rely on vestibular mech anisms. posture , balance or the force of gravity.
wh ic h concern spatial orientation (I l oward and Templeton 9m ). However , a loss of spatial orientation may precipitate
geograph ical disorientation , and vice versa. Nor does it necessarily imply movement through the environment , although
a study of such movement may suggest potential causes of disorientation (Reason 268), and may be help ful in specifying
time perceptual cues , such as velocity gradients (Gibson 78 ). which may be ut ih ised during fligh t.

The pro hl enm of geographical or ientat ion received surprisingly l i t t le a t tent ion during the Second World War and for
some t ime aft erward s, alt h ough there was substantial anecdotal evidence that  aircrew often got lost . (e.g. Vin acke 269 ).
Clarke and Malone 270 regarded it as a truism that  aviators may become geograph ically disorientated. More recent ly,
Mc Grath and Borden 65 surveyed accidents and incidents involving geographical disorientation and noted that it was taken
fcr granted that  pilots hecamne lost from time to t ime , particu larly on low alt i tude missions. Consequently, they tended
to ask pilots for details of a recent or serious instance of geographical disorientation , rather than ask whether they had
c’, er experienced such incid emits .  These authors surveyed accounts of disorientation wi th  a view to class i fying causes and
generating hypot h eses amenable to testing by scientific nmet lnods , Their findings indicated t h na t  main ta in ing  geographical
orientation in f l ight  was a mnjaor probleni , the seriousness of which had at that  t ime not been realistically acknowledged.

t)espite its great operational significance , geographical or ienta t ion  has not been viewed as a prime topic for hu m an
factors research, and not much of the research done on geographic:’t or ientat ion Inas had an aviation context  or applica-
tion. Studies omi chi ldren , on primitive peoples , and on tIme b l ind provided tt ie main sources of evidence on the abi l i ty  to
ma in t a in  or ientat ion wi th in  a geographical envi ronn u ment .  and in soni c respects they still  do.

The strength and persistence of incorrect orientat ions ., the associated emotions of unease and stress., and the contri-
butions of dis t rac t ions , forgetting, and imm ad e q i nate  cues to disorientation were all noted long ago (B inet 27 i ) . The apparent
lack of any innate sense of direction in children , is also a longstammding f i n d i n g ( S n n i t hm 272 ). Wi th  increasing age, childre n
can make more effective use of maps , hu t  cannot make effective use of the main compass points ( Lord213 ). Aerial photo-
graphs can improve spatial understanding in children (Flart 214 ).

A large variety of sensory cues , some qui te  tenuous , may be enlisted in maintaining geograph ical orientation .
especially a m ong pr imit ive  peoples in featureless hut  familiar envi ronments (Lyn ch 275 : Lewis 54 ). Their use nmay convey
a false impression of a specia l sense of geographical orientation ,  Such cues may be employed to mainta in  a cognitive mn ap
for navigation (Oatl ey 276 ), Gal ler et al. 277 have collated current knowledge on the numerous techniques and sensory
mechanisms on which animals  rely for orientation or navigation. Maps for the blind mm’t ay show regions or routes , they ‘

nay he for static or mobile use , and they may he spatially or verbally formulated , (Leonard 27 8) . Blind people were able
to follow a maze better when a tactua l map was added to verbal directions (M agl ion ie 279 ). and could discriminate tactual
symbols presented in the context of a (actual map (James and I) i 11280 ).

Menta l Maps 
‘

Mental maps play an important part in geographical or ientat ion.  Adequate geograph ical orientation requires the ‘ -

ind iv idua l  to hc aware of his position in relation to features both wi th in  and beyond h i s  visual field. Spatial information
sensed direct ly mnus t he related to a wider frame of reference stored in n iemumory as a topographical schema or mental map.

L~~ 
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Early studies of orientation distinguished between mental maps based on comnpass directions amid those related to
hnon m e . the latter being associated with  ch ildren and primitive Peoples (Trowbridge 2 5m ). Certain early na/c learning studies
suggested that a sequence of movements is learned , rather than nn ainta ining a cont inuous notion of relative position
wi th in  a large r frame of reference (Brown 282 ). Other findimmgs implied the existemmce of nnenta l maps for larger areas than
could imnmediate ly be perceived (Woodrimig 283). High284 required subjects facing north to indicate the compa ss heading of
various cities , but his explanation for m i s  finding of greater accuracy for more distant locations , in terms of the street
lay-out of the towns where the experim u nent took place , seems unsatisfactory and an illogical deduction fro m the nneasure-
nments. Studies of orientation using a rotating ch air (Witk in 28m ) and body t i l t  ( l ) ay and Wade 286 ) are more nor m ally
ascribed to spatial orientation , even th ough the former specifically refe ired to geographniea l or tm entat ion in its title. In
these studies orientation was influenced by the perceived rotation of a pattern , al t h ough suchm studies also typicall y refer
to spatial rat h er than geographical orientation (Taylor 281).

The recent resurgence of interest in men u tal  maps particularly among geographers (Itt leson 288 ; Gould and White 82 ;
Stea and Downs 289 ) does not imply that  significant progress in understanding or making use of mmienta l milaps has been
achieved , except in very li m ited applications. A recent text on ‘Topograp lmical Orientation ’ (l)owns and Stea 290 )
reproduced an article which appeared 25 years before (Grif f in 88 ), and its continued pertinence does not po int  to major
advanm e es in the immtervening period , A mental nnap , or topograp hmical schema , reflects the psychological inmiportance of its
contents and often distorts geographical reality. Good orientation implies close correspondence between the schema and
the map, and maintaining a sense of direction implies continuity and expansion of the schema. Dornh achi 29’ remarked
that the better the mental map established through preflight study, tIme easier and more accurate the subsequent naviga-
tion. He wondered how t lnis mnig b nt he turned to advantage by using auditory cues to supplement or trigger remembered
images. Gri ffin 88 also noted the relevance of non-visual cues to mem ital images. While mental maps may be formed of
places never seen , some individuals seem incapable of retaining or forming adequate men utal maps (l)ornhach 292 ).
ShahI er~~

3 comnpiled anecdotal evidence on why aircrew become disorientated or how they could be correctly reorientated ,

Some of the literature on the representation of mental maps has been reviewed by Gould and White 82 and by
Canter 294 . Elsewhere , the former have discussed a variety of possible techniques for studying mental maps , including
projective ones (Goud 295 ). Saarinen 296 has also reported studies using projective techni ques. The parallel literature on
spatial cognition was reviewed by Hart and Moore 297 ’295 ) in relation to maturation and to the everyday environment. They
attempted to explain experimental findings in terms of theoretical concepts , such as Piaget ’s developmenita l ideas
(Beard2” ) and the sensory-tonic theory of Werner and Wapner 300. Riffe l264 has also considered Piaget ’s ideas on
egocentricism-decentration in relation to children learning to read.

The major methodological problems in studying mental maps are how to externalise mental maps for public scrutiny
and how to aggregate indiv iduals ’ maps to arrive at a general consensus. A variety of projective tests have been used to
extern alise mental maps: open-ended or expressive procedures requiring verbal or graphic reproductions , and more
directed techniques such as ordering specified places on relevant criteria or using psychophysical techniques and rating
scales to quantify certain aspects such as distance , milita ry importance , or politica l , social and economic desirability.
Directed tests tend to be less sensitive to displacements and distortions of space , but their major mmiethodo logica l advan-
tage lies in the ease of quantification , aggregation and analysi s, Factor analysis has bee n used to aggregate individual’ s
responses but this generates a nu m ber of solutions each requ ring individual psychological interpretation , (Taylor 222 ).
In general , other studies have obtained pointing or direction ihdicating responses from subjects , but the reliability of the
results largely depended on the conditions under which the data were obtained (Lichte et al. 56 ). There are intransigent
difficulties in any method for depicting or representing the mental maps of one person in a form which is intelligible to
others , since the process of depiction lends a spurious precision , permanence , stability and cohesion to a fluid , changing
and often amorphous process.

Milita ry Studies

A study of Naval aviation cadets by Clark and Malone 30’ suggested that geographical orientation was not related to
spatial visualisation or spatial orientation in that low and generally insignificant correlations among these measures were
obtained. Among cadets good geographical orientation was positively related to the use of mental nmaps , to travel
experience , to ability to visualise the Earth , and to comparative lack of education. Large individual differences tend to be
found on tests of geographical orientation (Clarke and Malone aon ; F1igh 284 ). Findley Ct al. 2

~ sought to identify the most
important skills for effective land navigation , and in general found that compass skills were less relevant than such loca-
tion skills as direction estimation and visualising terrain from contour lines. In a series of studies of land navigation
abihity, Powers302’303’304 used job description methods to identify several basic nav igational skills , and tested the effects of
eigh t terrain factors on navigational performance. lie developed and validated a programme of instruction in advanced
land navigation which demonstrated that relatively unskilled men could be trained to find their way successfully in poor
visibility over unfamiliar terrain , provided that the correct navigation techniques were used.

In studying aspects of geographical orientation , a comparative approach has often been adopted , with differences in
performance related to the method of displaying the map, (e.g. Laymon 308 ; McKec hnie306 ; Payne 307); to map scale
(e.g. Edmonds and Wright 308); or to reprographic techniques and level of cartographic annotation (e.g. Hill309 ). Another
approach has been to study a category of accidents in which navigational errors were implicated (collisions with high
ground (R uf f e l l ~Smith3tO ), It was held that the accidents would have been prevented by a pictorial navigation display
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providing the pilot in imnnediate ly conm iprehemmsib l e form with the infornnatiom i miormally computed for him by the
navigator. Bard 31’ concluded , fro m reviewing the causes of disorientation which could he ascribed to deficiencies in maps
and navigation displays , that automated mm ioving map displays would reduce disorientation significantly ,

Sonne studies have been concerned more specifically with th e recalcitrant problems of adequate mapping in order to
mim aintain geographical orientation in low alt i tude flight.  This has been considered within the broad context of other
related problems (M i l l er 3m2 : McGrath 3i3 ), in terms of the need to link operational requirments , map design and produc-
tion , and internatio mm al and interservice co~ordination (Wright 3m 4 ), amid in relation to special purpose radar maps
emphasising the operational need to n imaintain geographical orientation (Emery 3m 5 ).

McGrath and his colleagues conducted an extensive research programme on aspects of geographical orientatio n ,
being primarily concerned with low alt i tude flight , having established the paucity of existing knowledge by means of a
l i terature survey (McGrath and Borden 65 ). McGrath 3m6 defined the operational problem , suggested the role of research
and the mna in research issues, indicated alternative research methods , and out h imm ed a comprehensive programme of
research , progressing from simple to complex film studies , through existing to specially constructed terrain model simula-
tion studies , with field studies to check the laboratory findings (McGrath and Borden 65 ). Pilots found it difficult  to plot
ground track on charts using film material (McGrath and Borden 3m7 ),  and performance in maintaining orientation was
not affected either by the removal of placenames from a chart nor by change in scale, although a change of scale and of
information content did affect performance , (McGrath , Osterhoff and Borden tm 32 ). The film method was elaborated by
means of synchronising cockpit instruments with the film , and giving the pilot control over the speed of both , producing
better geographical orientation (McGrath , Osterhoff , Seltzer and Borden 318). A subsequent finding of orientation being
affected by scale proved to depend upon the particular route flown , and was interpreted in terms of the choice of appro-
priate orientation strategies (McGrath , Osterhoff and Borden 319). Development of a theoretical model based on these
findings led to the conclusion that the effectiveness of charts with a given specification is terrain dependent (Osterhoff
and McGrath ’33). It is also dependent on the retention of colour coding (OsterhotT, Earl and McGrath320 ).

The above studies on maps were complemented by a series of simulatio n studies on other aspects of geographical
orientation , including speed control inversion as a source of navigational erro rs (McGrath , Christensen and Osterhoff32m ),
and accuracy of targe t location when performed by a plotter relying on the pilot’s spoken messages (McGrath , Earl and
Osterhoff322). Borden 323 showed that pilots could report their tra ck, elapsed time on track , use of checkpoints and
awareness of geographical orientation retrospectively after landing, and subsequently he confirmed , by comparing actual
tracks f lown with the pilot ’s recollections of them , that these reports provided an accurate and valid method of assessing
navigation performance (Borden and McGrath324 ). The same authors categorised numerous visual checkpoints visible on
film in terms of pilots’ judgements of their visual and cartographic utility and their frequency of occurrence (McGrath
and Borden h2 i ). The results could be interpreted in terms of the pilots’ ability to interpret maps , the cartographer ’s
choice of map features, the empirical factors determining the best checkpoints , and the pilots ’ ability to learn how to
choose them. Subsequently, verification was obtained by a simulation study which compared standard charts with an
experimental chart compiled according to the criteria for choosing the best checkpoints. The latter reduced orientation
errors and improved pilots’ ability to fix their positions positively, (McGrath and Osterhoff325). The findings from these
and other experiments are summarised in a paper by McGrath 326 at a JANAIR Symposium (McGrath (ed.) 69), in which
recommendations for improving geographical orientation during low level flight were made.

Having reviewed the literature on geographic orientation in humans , Lichte et al. 56 arrived at the following conclu-
sions:

( I )  There is no innate sense of direction nor ability to maintain orientation.

(2) There is no learned or unlearned ability to know or maintain a sense of direction through unknown senses, such
as responses to the earth’s magnetism or to the polarisation of light.

(3) Orientation begins with information being sensed directly fro m the environment which is used to determine
spatial relationships with the visual field. The visual field is then extended by imagination to include areas
beyond the immediately sensed , and the individual perceives his location as geographical co-ordinates within this
wider , imaginary space. Thereafter , a sense of direction and geographical -orientation is maintained by
continuous awareness of movements and positions in this space, and by awareness of spatial relationships
between new and familiar regions. This skill improves with practice and the experienced individual needs to
devote very little attention to the process, in order to remain oriented under normal circumstances.

(4) When u nrecognised errors are made , those factors that normally lead to a confident , complete and persistent
correct orientation , tend to produce equally confident but completely incorrect orientation , with the same
degree of persistence .

(5) Individuals differ in their orientation ability, both in terms of the extent or scope of their orientation and in
their abi ln ~y to maintain orientation and recover orientation once they have been disorientated.

In relation to the particular problems of navigating aircraft , the following points have been identified from examina-
ion of aircraft accident and incident report s (McGrath and Borden 63 ; Ta ylor327 ).

_________________________________ - 
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( I )  l) isorientation is an insidious process , that  can persist for long periods of t ime without the pilot reahising he is
lost. Wanting to believe that the aircraft is still on the planned tracks leads the pilot to develop expectancies
about what he will see outside the aircraft and fal se hypotheses are often made about the ident i ty  of features
on the ground , These erroneous identifications are maintained despite much contradictory information.

(2)  The experience of geographical disorientation can be so compelling that the pilot can become absolutely
convinced that his instruments or maps are wrong and formerly familiar surroundings can suddenly appear
unfamiliar.

(3) Conflicting cues under geographical disorientation can produce mark ed emotional stress, confusion and pre-
occupation.

As a consequence of the high speeds of aircraft , navigation errors caused by geographical disorientation tend to be
large. One of the major tasks of nav igation training is to teach “lost proced ures” for quickly reorientating pilots who
have become disorientated before the situation becomes irrecoverable. These procedures require ground-to-map compari-
sons, rather than the normal map-to-ground scanning because the position on the map is unknown.
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CHAPTER 4

OPERATIONAL REQUIREMENTS FOR AVIATION MAPS

4a CURRENT OPERATIONAL I)EMANI)S

Fundannental  Problems

There has generally been poor communication between map producers and map mi sers about their respective require-
n im ents and l imitat ions.  Thus , the importance has often been voiced of matching aviation maps with  the needs of the user .
h o w  Ibis should he done is seldom clearly stated , however , and proposals h ave often taken the form of suggestions by
art ic m il ate  users based on their  personal experience , wi thout  a scientific basis and with  no indication of how typical

- 
. their  requirements may be. In considering wh y the “perfect air map ” does not exist , Chic hm ester i7 summarised three main

reasons for this  failure :

“( I )  Maps are designed by highly skilled specialists who , however , do not generally know from firs t hand experience
what  the practical requirements are. They rely on hearing of these from practical airmen.

( 2 )  The better the practical men are at map reading the less able they are to put into words how they set about it
and what  is required for the ideal air map.

(3) Map production is extremely expensive in t ime , work and materials with the result that  map makers are loath
to scrap a map once made , if it will ‘do’, even though they realise it might be improved. ”

This nnay be an oversimplification of a highly complex problem , but these three basic considerations underlie many of the
map requirement problems that aviation cartography faces today. An additional consideration is that operational
demands on the one hand , and display technology on the other , often advance or change at a pace which cartographic
production methods cannot match.  Consequently, even when needs have been identified and clearl y stated there has
been a lag in meeting them.

It was acknowledged fro m the outset that  the aviator had specific cartographic requirements and there was quite a
rapid development from overprinting topographical maps with navigational information to evolving special navigation
charts  (Meine 5 ) to meet the requirements of aviation at an international  level , wi th  agreed standards on choice and format
of depicted navigational informat ion  (Lees9 ). Chichester ’7 stating his personal view on how to design the ideal air map
enumerated four princip les tha t  would still be acknowledged today, albeit in a modified form :

( I )  The map should show everything that  will be needed and omit everything that will not. He noted that it is in
the lat ter  respect that  air maps usually fail , because “the designer cannot screw up the courage to leave things 

I
’

out and the practical men do not press him to do so”. No feature , he argued , is of value unless it is distinctive ,
if not unique , wi th in  the area of uncertainty covered by the map: the less that can be shown on the map the
easier it can be to read , provided that  nothing necessary is omitted.

(2 )  All feature s that  are shown must be mapped accurately.

(3) The smaller the scale the more valuable the map , provided that  the two principles above are adhered to. This
minimises handling problems and , more importantly, makes it easier to assess the general characteristics of the
terrain.

(4) The prominence given to features on t h e  map should match their , prominence when viewed froni the air.

Touching on another fundamental  issue , Chichester noted that f~-: ideal maps , each sheet should be separatel y
designed for the area it covered; hut , as the differences between adjacent dissimilar sheets might  confuse the map reader ,
he concluded that  a standard specification should be followed that includes the requirements of all the sheets in the series.
The practical difficulties in a t t a in ing  these principles have proved to be at best daunt ing and at worst insuperable. It is
not a simple task to define information as either necessary or unnecessa ry , or to emphasise visually on the map what is
visible from the air and what is useful because of its rarity or uniqueness. There is also the question of whether the
requirements for a navigator as skilled as Chichester would suffice for unskilled novices.

Methods for Estab lishing Requirements

Today , responsibilities for identifying, and methods for defining, operational requirements for aviation cartography
are complex and vary in different production organisations. The method used by the largest production agency, the US
Aeronautical Chart and Informatio mi Centre (ACIC) has been described by Cummins 328 . The ACIC Requirements Process
has the following stages:
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(I) Evaluating the need.
(2) Establishing it as a firm requirement.
(3) Authorising resources for its design , testing, production and distribution.
4 4 )  Establishing procedures for maintaining its currency and improving its design.
4 5 )  Directing a periodic review of the requirement for revahidation or cancellation.

Once the need for cartographic support of a user requirement has been validated , a joint cartographic-military team
carries out an analysis of the factors which nmay affect the type of product or data required. Typ ical “operational require-
ment ” factors analysed include the type of mission , accuracy tolerances , navigational or guidance system components ,
navigational techniques , and human engineering considerations such as cockpit or work area size. Production factors are
also analysed . Following the production and evaluation of a prototype , a detailed Requirement Guide is formulated
including a description of the requirement , the mission and equipment considerations , usage factors, the accuracies
required , significant dates , and specific technical information including the projection , scale, content , coding, format and
revision cycle. Periodic reva lidations of the req mnjr ement s are carried out in Product Reviews which record the continuing
need , modification or cancellation of requirements.

Experience has shown that the best requirements investigation units include both cartographers and military officers.
The methods available to such requirements teams for determining the user needs are various, bu t surveys and inte rviews
wi th users are most commonly used (Cummins328 ).

Four different methods for determining map user needs have been distinguished (Bard et al,m52 ):

(I) Use of questionnaires to be completed by aircrew.
(2) A controlled debriefing following operations and training missions.
(3) Performance measurement on simulators, terra in models, or film.
(4) Performance of controlled missions by either automatic inflight recordings , tracking systems, or trained

observers.

This classification omits interviews , whether structured or informal , and discussions and conferences between user
representatives , producers and cartographers , which have a great bearing on most requirements issues. No single method
is likely to su ffice; an approach using several methods should give the best results.

Systems engineering techniques , such as functional analysis , decision analysis , flow analysis , job analysis , and design
checklists may have a contribution to make to assessments of map requirements (e.g. Morgan Ct al. 74 ; Singleton tm m0 ).
.%tth ough their relevance has been acknowledged (Bishop et al. 22 ; Dornbach i2? ). in practice map requirements tend to be
identified using procedure s that  have evolved in cartography, independent fro m systems engineering.

Classifications of Requirements

Since 1 948, users of aviation cartography have extended far beyond the comparatively limited audience to which
Chichester addressed his paper. Meine 5 , classified the whole of modern aviation cartography in terms of six user require-
macnt areas: -

I )  Maps and charts for civilian traffic services and traffi c control ,
(2 )  Maps and charts for mili ta ry purposes , mainly navigational.
(3) Air line maps for traffic systems and navigation aids.
(4) Thematic maps of air transport , based mainly on statistics.
( 5)  Maps for air passengers.
(6) Maps for space flight , including time Lunar , Mercury and Gemini charts.

Al ternat ively ,  Meine suggested , three broad dist inct ions could he made in terms of the “operation ” of aircraft , These are
as follows:

( I )  Navigation , including visual navigation , ins t rument  navigation , approach and landing charts , plott ing charts.
( 2 )  Traffic contro l , in the lower and upper airspace , and for planning.
(3) Thematic investigations , including air traffic density, frequency of flights , passengers and mail load , air trans-

port capacity.

Numerous other classifications of operational factors can he made that  have associated cartographic requirements
for map information content , legibility and geodetic accuracy. Categorisations of operational factors include:

( I )  I)ay or night f l ight .  External visibility affects requirements for map content. The method of i l lumination used
for map reading at night  (dim or bright , red or white) has important consequences for map legibility.

(2 )  Visual Flight Rules (VFR) or Instru m ent Flight Rules (IFR).  Often associated with day or night flights ,
VFR / IF R  procedures have different requirements for map content and geodetic accuracy . Topographical
informat ion is essential for VFR conditions; rad io facilities information is essential for IFR conditions. Greater
geodetic accuracy is necessa ry on maps for VFR en route nav igation than on IFR en route charts ,
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(3) Flight Phase. Con tent , legibility and accuracy requirements vary between pre- fli gh t p lanning,  en route ,
approach and landing plmases of most aircraft  missions .

(4 )  J ’light profile , Characteristics of time aircraft ’s flight pro file . such as high or low speed . hig lm . med ium or low
al t i tude , deternmin e the visibil i ty of topographical features , and tmen ce the  requirmi me nts for map c o n t e n t .
Legibili ty req m nirem n ent s  vary as a t’un ct ion  of tinim e pressure and navigat ion workload. Accuracy requirements
also vary wi t h  the navigation tech nique adopted.

(5) Operational Role. l) is t inct ions between the type of mimission being fiowm i . such as between strike,  reconnais-
sance . ground support , mi m ari t i mn e , and tactical transport support h ave im opor l ant  consequences for content .
accuracy and , to a lesser ex ten t . nnap legibi l i ty  requirements.

((~) Crew Cons t i tu t ion .  In single-seat aircraft lcss t ime is available for map reading comnpared wi th  two-crew opera-
tions. Map content and legib i l i ty  factors arc l ike ly  to become more cr i t ica l  as the t ime available for map
reading is reduced.

( 7 )  Type of Aircraf t  and Navigat ion Systenim. The prov ision of avionics , radar , rad io faci l i t ies , and a u t o m a t i c  map
displays a ffect cartographic requirements for content  and accur ,icy. In par t icular , map displays and hand held
mnaps have dif ferent  legibil i ty requirements.

Specific Operational Requirements

lu g/i Speed , h ig h . 1  llitude l ’J ight

A series of comaparativ e l y early studies sought to apply the  syste m s ana ly t ica l  approach to chart specifications for
high speed , high a l t i tude fl ig lmt (Waters and Bish op 23 ). The operational  requirements of faster aircraft implied a reduction
of map scale wi tho u t  a com n mens tn rate  r e dmmction in mimap d ct i i l , and many  of th c most famni li ar cartographic pro hl ctmis , of
se le ctiomm . choice of symbols . genera h isation . and prom n inence of detai l , had to he resolved (Anderson 329 : Miller 4m ).

K ishler et al. 2° reviewed the  deve lopment and current  status of maps and charts for high speed high a l t i tude  naviga-
tion in the early l950s, They criticised the  proliferation of charts that  had to he carried , producing handli ng and storage
problems , they comniented on their  lack of integrat ion and the i r  considerable overlap in terms of functions and content .
and they described the  ch art s as too clut tered for rapid reading. Interviews , questionnaire s and objective performnance
tests all helped the aut tnors to ident i fy  deficiencies in exist ing charts and to propose improvements for future charts to
meet envisaged hig h speed hi gh level requirenments .

In developing a specification for an aeronautical  chart  intended for high altitude , single pilot operations ( the  US
Navy Xl)A-93-l Chart ) ,  (he same group of workers at l)un lap & Associates Inc. (Bishop et al. 22 ) carried out a job analysis
of the pilot ’s task based on subjective data , and concluded that  the content of the chart could be determined from five
categories of information:

( I  ) The operational characteristics of tIme aircraft , e.g. speed . al t i t t mde and durat ion of fligh t
( 2 )  The facilities carried by the aircraft , e.g. navigat ion equipment , navigator.
(3 1 The mission of the flight , e.g. a t tacking a target , reconnaissance , interception , each requiring different

navigation precision.
(4 )  The nagivation facilities on the ground , e.g. radio ranges , marker beacons , cultural features.
( 5 )  The navigator ’s perfo rmance , e.g. workload , flight stress , detection of ground features.

Using these categories of inform~ition . t h ey provided a tabulated breakdown of the pilot ’s task and tIme associated func-
tional requirements for the navigation chart.  For instance:

Operational (‘Itaracterislies : ! ‘unetio,zal Require,nent for Nan-’igatio n (‘hart

Speed : 400 70t) knots Checkpoints should be placed approximately every 125 to
160 miles (every IS to 20 minutes of flight)

Pilot ’s Task: I tems should be shown as they are perceived and in relative
Pilot must fl y as well as navigate: this may contrast representative of their importance in the whole

occtmr under adverse conditions due to navigational problem. Symbols on the chart should be
stress of temperature , oxygen lack , etc. obvious and not require explanatory legends. Ch art

should he suitable for use in adverse conditions.

A primary feature of the XDA-93 -l (‘hart was the comparatively smuall size , approximately  16 x 19 inches . and
small scale, 1:4 ,337 ,740( 1 in = 60 NM ) compared w i t h  the 1937 Regional Aeronautical (‘hart and 1943 World
Aeronautical Chart at I : 1 .000,000.
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Kishkr et al.2° also canoe to the  commc lusion tha t  in addition to a special chart , pilots on high speed , hig h a l t i tude
missions required a tabular fornm conmtaining essential radio nav~gatiomm information. This was developed in parallel to the
XDA-93-l , and it was to presem it in an organised formimat all his pre-t ligtmt planning inform imation required for successful
comple t ion of his  mission . such as fixcs, fuel state , wind , drift and electrommic aids informiiation . The formim and n t s  develop-
nmi ent are described in detail by (‘ra,mie r ci al.~ °.

Subsequent evaluations of the US Navy Xl)A-93-1 (hart are reported by Koponen et al .33m . Murray et aI m2 s , M u rray
and Wa ters 27, Mtnrray28. amid Schreiber. Subjective amid objective assessnients were made under different viewing condi-
tions (red ligh t and white light) using different groups of subjects (pilots and college students). Generally time Xl)A ctmart
was found to he superior to the existing WAC chart , hut not significantly better than a similar experimiment ch art produced
by the USAF . kmiowm m as tIme XJN Ch art (Murray28 ). The USAF XJN was eventually developed in to  the Jet Navigation
(JN) (‘har t at I : ,000,000 scale. Un l ike  time XJN . information was not printed on the  hack. TIme sh eet size was comimpar a -
tis ~ large , approxiniately 42 x 58 iniches, hut it was immt emmded t h at the  chart should he cut into strips 12 inch es wnde for
spe~nfic flights.

The same gtosmp of authors atso considered how various kinds ol’ informa t ion , such as mathematica l and meteoro-
logical data . could im li prove chart construction (Waters and Orlansky 24 : Waters332 ). They produced a set of formulae ,
tables, graphs and noniographs to be used by the cartographer for selecting features on the basis of the size of the object,
its visual contrast with the background and the effect of atmospheric conditions and related conditions applicable to a
particular mmi ission. In addition to mathematical and mmmeteoro logical criteria , they considered that the important
psychological criteria for selection were threefold:

(I I The p ilot mnust he able to see, discriminate and identify the selected features.
(2) The properties of time object that make it visible are its size and contrast with the background , and its pattern ,

contour or shape.

(3) The object must he represented by a symbol, form or colour that most nearly approaches time actual appearance
of the object. Symbol design factors were the subject of a separate study (Koponen et 31.29 ).

JN was extensively evaluated in the field by questionnaire and interview techniques and a high degree of user acceptance
was achieved (McGill and Cain 26 : Lichte et al.56).

h igh Speed Low Altitude Plight

Historically, the navigational problems of low level flight have received most cartographic attention , in relation to
both high and low speed. Price and Older sought to define the main determinants of successful high speed navigation at
very low altitudes , wi th a view to specifying appropriate aids and training. They concluded that the best solution com-
bined briefing aids, opera tional aids , and devices specific to high speed low level missions. Miller3~ reviewed the visual
display and contro l problems associated with high speed low altitude flight and the provision of appropriate mapping was
regarded as an important aspect. A mimore detailed discussion of visual problems is given by Mercier et al.335 .

Summerson m22 categorised ground features in terms of their frequency, recognisability. associa t ion wi t h probable
fligh t pa ths , and consequent suitability for high speed low level charts, The portrayal of obstacles was recognised as being
v itally important as compared with high altitude chart requirements. McGrath and l3orden m 2 m and McGrath and
Osterhoff325 reported similar analyses based on assessments of the visibility of terrain features viewed on film of high
speed low level mmlissions. Operational requirements for recognition , navigation , workload and planning in relation to
chart design were considered by Howey3

~ who included user comnments on experimental charts. More recently, Pelton
and Magorian337 emphasised the limitations imposed by poor visual navigation capability and inadequate maps on high
speed low level missions, in relation to mission and route planning, to choice and location of cmi rointe checkpoints, and
to terrain depiction and recognition. They also discussed problems of utihising terrain features as aids to planning and
fulfilling a mission. They concluded that the prim m nary types of information required for high speed, low alti tude missions
were:

(I) Data regarding the planned route.

(2) Checkpoints which can be acquired and accurately located from the aircraft.

(3) General terrain shape and water features with significant recognisable terrain features readily interp retable.

Inability to mccl the requirements for route planning and tactical information has been a mnajor inadequacy of
moving map displays. These use microfilm and optical projection techniques, and h a v e largely been developed to reduce
the navigation workload, Methods of annotating microfilms have been evaluated , bu t none has so far pro ved practical.
At the present time, pilots in aircraft with moving map displays carry an ammnotated hand-held chart showing this inforimma-
lion and which they correlate in flight with the aircraft’s position indica ted on the map display (Taylor 33

~),

The importance of the correct selection of visual checkpoints for successful high speed low level navigation has been
borne out by subsequent research (McGrath and Borden; McGrath 339). In flight, the pilot has little time available for
map reading and has to scan the map in short glances lasting between I and 3 secommd s . Cluttered nmaps that rely on the
user to sort the relevant information from the irrelevant therefore tend to he unpopular for high speed low level missions.
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particularly in ) single seat aircraft tMu rre llm3 m : Lakin -~°: l’aylor
2m2 ). 1 250 ,000 scale maps nmay have sufficient accuracy

and deta i l  b r  high speed low level missions , hut contain so much irrelevant information and clutter that many pilots
prefer to use lcss accurate 1:500 ,000 niapping where th e content  is more selective and better matched to their needs. An
analysis of the hun n an  factors criteria affecting the  des igmi and content  of the USAF 1:500 ,000 Pilotage (‘hart , intended
for high speed low level tlight and precursor to time current  Factical Pilotage Chart Series , is g iven by Dornhach m27 . Kihl
and Long~

1 give a similar description of(’an adi an I :500 ,000 charts for high speed low level operations.

l errain representation has been of major concern since time earhies~ attempts to design maps for h igh speed low level
tligh t. Initiall y, cartograph ers were concerned with the ability to match time nmap with radar informimation as well as for
direc t visual contact. Features were selected according to th eir radar significance . and the terrain was represented by the
slope zone shading techniq tne . wh ereby the pattern of slopes was shown in grades of white (Miller et al.42 : Miller and
Summer son M2: AngwinM3’60’6m ). Whil st radar map matching in low level flight is still the subject of cartographic research ,
albeit with optically superimposed images (h3rad ~~~: Barratt et al.~~

5 ). mmmost current 1:250,000 and 1:500 ,000 maps for
h igh speed low level users portray terrain shape by some combination of hi ll shading and layer tinting. Nevertheless.
inad equate relief representation is frequently omie of tIme mOos) serious criticismns of these maps voiced by aircrew .

In addition to (he three factors enumerated by Petton and Magorian337 . aircraft type , equipmen t , workspace, naviga-
tional aids and mmmission were noted by I)avis~~ as opera) ional factors introducing technical design limitation s for aero-
nautical charts intended for low ahtitU (le high speed flight. At low altitudes environmental stresses, such as vibration
and turbulence, are noire severe and they have important conisequences for map legibility. Increased importance placed
oni maintaining night vision sensitivity also imitroduces severe constraints on map illumination that are not present at
high er altitudes. The need to reduce the miumher of charts required for a mission was a major stimulus to the develop-
menm of moving nmap displays and microfilm storage techniques. Also , in peace time, the provision of air-overprint
information pertaining to low-flying restrictions, routes etc. is an important factor that has contributed to the popularity
of the 1 :500,000 Low Flying Chart series produced by RAF German y for North-West Europe (Wrig ht M7: TaylorTM8).

Lost Speed Low A/ f i t  tide Flight

In a survey, carried out by the US Human Resources Research Organisation under the project Lowentry , Wright
and Pauley TM9 listed the following major operational and environmental considerations relevant to low speed low altitude
tact ical  navigation in helicopters , also known as “nap-of-time-earth” flying.

(I I Rapid reaction missions with little or no planning.

( 2 )  Low obstacle clearance that  l imits  the area of the terrain in view and restricts the t ime that a t ten t ion  can be
directed inside the cockpit.

( 3 )  Planimetr ic , flat , features in view for very short times: tall , vertical features and relief in view for longer times.
(4) Correlation of terrain and map achieved only by “time-based reconstruction of mnomentarily viewed features”.

( 5) (‘omo paratively large operational area with limited abil i ty  to predict the direction of the nex t  mission.
(6) Operation over terrain varying in familiarity.

(7)  h igh accuracy needed in approaching a destination.
(8) High precision needed in t iming  arrival at the destination.
(9) Maximisi ssg speed in transition.

( t O )  Operations in darkness and limited visibility.
(II) Storage retrieval and handling problems with maps

( 1 2 )  Restricted choice of map scales , either 1:50 ,000 or 1:250 ,000.
(13) Unintegrated cockpit.

( 14 )  No automatic navigational data processor.
( 1 5 )  Fligh workload.

More recently,  Barnard et al , ’29 also emphasised the severe restriction on map reading timne caused by maintaining
a constant lookout for obstacles, and they referred to the degradation in flying and navigation performance caused by t h e
added stress and fatigue associated wi th  flight at very low levels.

Both Wright and Pauley TM9 and Barnard et al. ’29 give detailed analyses of time low level navigation task , the former
based primarily on a study of training and instructional  manuals , and time latter derived from interviews and surveys of
operational aircrcw. Pre-f light planning and terrain fami liarisation play a highly important role; as planning t ime or
fanmi l iar isat  ion is increased , the accuracy of low level navigation performance also increases and acceptable perfo rnmance
is u sually attainable , even with  poor cartographic support. However , cartograp hic factors become critical when the
terrain is un fami l i a r  and when a quick response is called for , wi th  l i t t le  t ime for planning.

Training factors were studied under the Lowentry project. Wailer and Wright 350 found that  a small amount of
t ra in ing  can improve the accuracy of angle of drift estiniation from maps: Gray et al. 35’ found a similar effect of tr aining
on the abi l i ty to estimate directions fro m maps , although the  improvement was small and unl ikely to he operationally
significant.
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[hi~ problems of handl ing  and storing maps in the cockpit imave led to elaborate techniques being taugh t  for ioldnng
mact ical  n m l aps hla rte r ’52 ) . t l l t in n a te ly .  th e best , though not necessa rily essential . so lut iom m to this  amid o ther  low level
navigat ion problems lies with the provision of automatic map displays (Bass 353 ). A trial , comparing an autommmatic  naviga-
tional systemn including a projected map display with conventional navigation with  a hm and-Im e ld m ap, found tha t , whi le
the h and-held systemim was better . occasionally pilots he cammi e conipletely lost wi th  it , and tha t  time main benefits of the
auton iiat ed systen im were m m  pe rmimi t t ing  revised r otnteings to al ternative des t inat ions  ammd allowing effective updat ing  of t h e
autom imated system according to recognised la ndm mi arks (L ew is  and An der sonm 354’35

~~. Whilst  the meri ts  of moving niap
display s for he lnco pt ~ r operations in terms of navigation perform imance seem clear , few rotary-wing aircraft are fitted wi t im
advammced navigation systenn s . and researc h program nmes to evaluate a l ternat ive systenis are still  being proposed
(Mc Grath 356 ) .  In the m o eant inme , the nav igation task tends to he accomplished by dividing the workload between two
crew members the p ilot amid h i s  co-pilot, observer or gunner.  An early s tudy of dual  versus solo pilot perforni ance in
low level im e licopter n ni ss i o mm s showed only mnar g ina l  benefits in terms of landing errors , smaller in i t ia l  heading errors amid
fewer en roum e let-downs ( l e w i s  et al. 3S7 ). hlowever , the method of evaluation of low level navigation perfort imance seemm is
to he cr i t ica l ,  and the h igh accident risk results in a mecessary trade~~ff between wh at can he achieved in the laboratory
and wh at can he achieved b y fl ight  trials (Farrell 358 : Lewis 359). Head and eye movement record s taken in fixed wing
aircraft  dur ing  low level navigation over unfamil iar  terrain at mininnumn clearances or at 25 feet above obstacles indicated
t h a t  about  2 7 ;  of the t in m e was spent map reading, Four seconds was the maxinmunn glance t ime:  and glances seldonm
exceeded 2.5 seconds ( Lewis66 : Lewis and de ha Riviere TMO ). Lovesey TM m found that in shorter h elicopter sorties pilots
looked out of the  cockpit 85~ of the ti m e. However , Strothe r 362 found that  the visual scan techniques of the
experienced helicopter Pilot change dramatically as a function of the alt i tude and mn anoeuvre and that he made much
use of peripheral cues.

TIme conisequences of these operational factors for the design of maps for low speed , low alt i tude flight have been
considered in a specification for a helicopter pilotage map for marine assault missions proposed by Bishop et 31 m26 , Th is
report is reproduced . wi th  annotat ions , by Wright and Pauley~’9 , and forms the basis of many of their recommendations
for a general purpose arm oy low level navigation map. Wright and Pauley TM9 concluded that the opt imum scale for low
speed low al t i tude army aviat ion was between 1:100.000 and 1:50 ,000, Standard maps at 1:50 .000 and 1:250 ,000 scale
are e i ther  too large and create handl ing  difficult ies , or too small wi th  consequent lack of detail. Some of the cartographic
requirements were reported in an earlier paper (Wright TM3 ), These may be listed as follows:

( I l  A single , multi-scale format to satisfy the basic requirements of all the elements in a tactical operation including
ground and air forces,

( 2 )  Unifo rm deta i l , rather than emphasis of the outstanding structure.
( 3 )  A percep tual format for relief information,  wi th  contour lines added to give necessary relief detai l .
(4) Stream tines and ridge lines which define relief highs and lows.
(5 )  A geometric progression for coding elevation to emp hasise small changes in flat terrain and large changes in

hi l ly  terrain.
(6) Clearly defined edges to vegetation , with less emphasis on the interior.
( 7 )  An automat ic  map display system , allowing time-of-postion navigation procedures , immediate  tactical respon-

siveness and ease of updating,  and changing in the field.

4b MULTIPLE FUNCTIONS OF EXISTING MAPS

in the field of cartography, aeronautcia l charts are considered to be examples of special-purpose maps , as dis t inc t
from general-purpose maps such as atlases and conventional land mapping (Keates ’20 ). In the broader field of infor mna-
tion display, aeronautical charts are typically regarded as multi-purpose displays . meeting the needs of a variety of users
and of tasks , contrasting wi th , say, alt imeters , or speed indicators which meet comparatively specific needs. Nunmerous
task s in aviation require maps: any single map can be seen to fulfil more than one simple funct ion.

Inspection of the contents of Annex 4 to the ICAO Convention on civil aviation reveals a proliferation of chart
types with differing functions,  Included in Annex 4 are : aerodrome obstruction charts; plotting charts: radio-navigation
charts: terminal area charts; instrument approach charts; world aeronautical charts at I : 1 .000,000; aeronautical charts
at 1:500 ,000 : visual approach charts; landing charts; aerodrome chmarts : and aeronautical navigation charts at
1:2. 000,000. In many cases , particularl y those related to the air traffic services , radio aids to nmav igation , terminal areas .
aerodrome hayout and approach landing and departure procedures, their functions are coniparatively circumscribed. On
the other hand , many different  kinds of information are depicted on these charts , according to ICAO or Mili ta ry
Standard Specifications , each wi th  separate advisory functions. Control zones around airfields are defined , airways and
terminal areas are designated by international  number  systems , reporting points and advisory routes are identified by
radio facility symbols , and obstruction heights and terrain elevations are indicated in feet. With this information the
navigator can check the aircra ft ’s flight path and height above the ground , he can identify the location of obstructions
and danger areas , and he can check his distance from other airc ra ft , reporting points and his destination.

For en route navigation , functional distinctions may be drawn between chart s designed for instrument flight rule
( I F R )  operations on civil a irways , and for visual flight rule (VFR) operations in mili ta ry and general aviation. Some of
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these are lasted in Figure 3. In practice mnost visual navigation charts display information concerning radio aids to
navigation,  and , to a smaller extent , many ins t rument  navigation charts h ave vis ual navigation capabilities by depicting a
skeletal topographical base, such as coastlines . and major water features.

Visual navigation charts tend to have wider applications than instrument navigation charts and the variety of ( Imeir
functions tends to increase wi t h  t h eir scale and their  information content.

I .  1 :250 .000 Maps

Fhe series 1501-Air Joint Operations Graphic is the fi rst 1:250 ,000 air chart to he produced world wide by NATO
mapping agencm cs. The JOG is designed as a 1:2 50 ,000 land map and aeronautical ch art suitable for air and ground forces.
it is p imb h is imed imi three versions: JOG-Air . JOG-Ground and JOG-Radar. On the Air  version , measurements are in feet
with a stable air overprint. On the Ground version , measurements are in metres with  a limited air overprim it (Bennet t

— 
et a I I m 4 ; Sel fTM4 ). A 1:250 ,000 land map and air chart wi th  a co mnmomm topograp h ic base h a s  numnerous potential  applica-
t io mm s . Benne t t  et aI . m m 4  listed thes e as follows:

t l t  By Land Forces for:
( a )  Tactical and Logistic Planning
(h )  Briefing Intelligence and Wall Map
t c )  (‘lose Support by Air Forces
td )  Tactical Operations . including Route Map,

( 2 )  By Air Forces for:
( a )  (‘lose Support of Land Forces
(h )  Low Level Strike and Reconnaissance
(ci Tactical Transport Support Operations
(d l  i l eh icopter  Support Operations
(e) Low Level Route Map
(0 Army Air Corps Use.

Althoug h these funct ions were all seen as potential applications for the JOG , in practice , a 1:250 ,000 topographical map
was fotmm id by Lakin TMo to be an essential requirement only in the following air roles:

( I )  In t r a mning  for low al t i tude  fl ight  en route and for approach to target s , landing places or dropping zones.
(2 )  In anr  defence for approach to and identif ication of landing places.
t 3 )  In tactical transport during low altitude flight CO route.
(4 )  In helicopters dur ing  (light en route at all alt i tudes.

The major problem with  multi-purpose maps , such as the JOG , is that  the infornmation content tends to be deter-
nmmned by the m i n i m u m  requirements of each user. Consequently,  most users tend to have more information displayed
than  they require , and in extreme cases, the map will he cluttered wi th  irrelevant information and map reading may
bc-come di f fmcu l t  or even impossible. This proved to be the case with the JOG wi th  regard to the critical air requirement
for 1:250 ,000 m apping in low level , high speed operations. Following criticisms by low level users , recent revisions to t ime
JO(;-Air , incorporated in the 4th edition specification , have removed mmiuch of the infornmation not needed in this role.
The map now has a cleaner and less cluttered appearan ce hut  the effects of this reduction in content on other user
applications have yet to he assessed. It seems likely that other special-use vari ants  will be produced in the future , by
selective deletion and addition as the individual requir ements become more refined and differentiated. A helicopter
variant has already been produced in Europe for evaluati on.

fhe map production process divides the informatio n content of the map into separate printing components . and
therefore readily lemids itself to selective deletion and addition of information held on these components , such as the
JOG-Air infornmat ion overprint. Modification of content wi th in  components requires more cartographic effort.
Inev i t ab ly ,  the  proliferation of variants will introduce productio n , planning, storage and distribution psoblems, hut these
ext ra  costs must be weighed against the improved value of the product to each user.

2. 1:500.000 M aps

World-wide 1:500 ,000 air mm i apping is currently provided by the Tactical Pilotage Chart (TPC) series. This replaced
- the US Pi lotage Chart ( I’(’) series and UK Topographic Tactical Chart (TIC ) series in the period in 1966 67 as part of

the sammme in te rna t iona l  standardisatn on production programme as the JOG, 1 :500,000 is the standard scale of mapping for
tactical air  forces . rhe sheet size , coding and content of the earlier PC and TTC series were designed for moderate speed
aircraf t operating at medium to high altitu des, The TPC was designed for use by high performance all-weather tactical
aircraft  using radar wi th  the emphasis on low-altitude operations. The FPC sh eet size covers four times the area of t ime
old P(’ sheet in order to reduce the number of sheets requ ired for a single mi ssiomm. Pictorial symbols were used to depict
landmark features suitable for ch eckpoints dur ing low al t i tude , high speed flight,  Obstruct ions and power line data were
shown , amid relief was repre sented by a pictorial format of layers . hi l l shading and contours to give a ready appreciation
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of the shape of the terrain as seen at low alti tude. Other features were included which had become regarded as essential
on a low level chart , such as emphasised drainage and railways , max im u mn elevation figures , and a compreh ensive aero-
nautical overprint inc ludimmg restricted airspace (Bard TMS ; h l arv a t t m

~ Self~~ ).

In North West Europe a special variant of the TPC is produced by the UK Directorate of Milita ry Survey, known as
the Low Flying Chart (LF(’). This uses the TPC topographical base repromats , printed in slightly changed colours , with
a detailed nmulti-co loured operpr int of low (lying information relevant to peace-time training operations in Europe , such
as low flying routes , controlled and restricted airspace , and danger areas.

3. 1: 1 ,000,000 M aps

The 1:1 .000 ,000 Operational Navigation Chart (ONC) completes the family of world-wide aeronautical charts pro-
duced under the same national standardisation and co-operation programmes as the JOG and the TPC. The ONC began
to replace previous US 1 : 1  .000,000 World Aeronautical Chart (WAC) in 1959 , and in 1966 — 67 it merged with the UK
Tactical Nav igation Chart (TNC) under a common specification.

Replacement of the WAC by the ONC was a result of the increased emphasis on low alt i tude operations with radar
aids in strategic air operations (Bard 365 ). The ONC was designed with  similar characteristics as the TPC. such as
emphasised ra i lway,  drainage and roads , more detailed contouring, and pictorial landmark features , and each sheet gave
four times the area coverage of the WAC sheet . Maximnu m n elevation of figures were used , centred wi th in  I degree quadr-
angles to indicate the maxi m um terrain height and hence tIme pilot ’s safety al t i tude in emergency.

A new form of relief layering, used on the ONC hut not on the TNC . divided the land into areas of low , moderate
and high relief and overlaid a green t in t  on the terrain colours to depict relatively flat areas. Regions with unreliable or
incomplete relief information were shown devoid of tints. The heights at which the chart depicted changes from low to
moderate to hig h relief were not necessarily the same on adjacent sheets , nor constant for the whole sheet ( i l a rva t t m4 ),

4. Other Scales

Aeronautical ch arts at scales smaller than I : 1 ,000,000 are produced for plotting purpose s, such as the Global Naviga-
tion and Plotting Chart (GNC) and in support of h igh altitude , long range , radar rather than visual requirements such as
the 1 :2 .000.000 Jet Nav igation Chart (iN) for B-57 and B-58 aircraft , and the 1:2 ,250 ,000 Admiral ty Air Chart (AAC )
used for maritime reconnaissance.

I h e  production of mapping at scales larger than 1:250 ,000 is a national responsibility. 1:50 ,000 scale land mapping
is used extensively in helicopter and fixed wing tactical operations and both the US and UK production agencies have
research programmes aimed at improving their suitability in flight. A pylons and obstruction overprint , for instance , has
recently been added to the UK 1:50 ,000 series. There are no international agreements on sheet lines , content and coding.
although 1:50 ,000 has been agreed as the NATO standard scale. When available , 1:100 ,000 and 1:25 ,000 mapping also
may be used in helicopter operations: the US Army Map Service Pictomap series at 1:25 ,000 scale , a photonnap product
is one example.

It is evident that  the range of aircraft operations in which a given map is used depends on its information content and
scale, and th a t at scales smaller than 1 :250 ,000 the number of different operations is comparatively small, Yet within
any single class of airc raft operation , wh ether VFR or IFR, tow or high altitude , low or high speed , or stra tegic , tactical
or civilian operation , the variety of uses of a given map series is large. Maps are rarely tailored for specific aircraft systems.
Most are used in a variety of different aircra ft , with different crew constitutions , different cockpit layouts , different
vibra t ion characteri stics, different lighting systems, and different avionics, navigation aids and sensors. The same nmap
is likely to he presented to aircrew hand-held , in a roller-map display or in a projected map display, and it may he viewed
in a north-up or track-up orientation. l) istinctions are not made betweem i maps for day and nig ht operations , nor are
different series produced for training and operational purposes. Peace t ime and war stocks may differ in air inforn iation
overprints but they are otherwise identical.

ttnder certain circumstances t i e  same map, or similar maps differing primarily in terms of scale and sheet size .
nmay he used for mission briefing, pre -flight planning, in-flight orientation and re -orientation , and dc-briefing , At the
most fundam i menta l  level of analysi s. distinctions can be drawn between map reading in these ph ases in terms of vistma l
ar,d cognitive tasks. Christner and Ray moJ suggested that search , recognition and nmemory are the main task comm iponents
involved in map reading. Phillips et al. 26’ distinguished absolute and relative estimation of height and visua lisation in a
cluster analysis of relief interpretation tasks. Morga n et al. ’4 suggested that information displays in general could be
analysed in terms of the contribution of individual  display functions. These are listed below , with  examnp les drawn
fromn map reading in aircraft navigation:

( I )  Quantitative reading Reading spot heights
Reading grid references
Measuring distances
Reading compass bearings
Reading time-to-go on planned route ,

- - .
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2 ) Qualitative reading Judging appr oxi nn at ~ distances
Fst imat ing t rue position right or left of planned track
Interpre t ing  terrain slope , up or down
l~stinm ating line-of-sight and above or below radar horizon.

(3)  Check reading ( ‘hecking integrity of navigation system by comparing indicated wi t h  known position *

Checking completeness and accuracy of map with intelligence information , visual
contact fro m the air.

(4)  Setting Setting co-ordinates of way points and destination in a map display
Slewing a map display.

(5) Tracking - Scanning a route or linear map feature
Mainta in ing desired heading indicated on a mnap display.

(6) Spatial orientation Maintenance or recovering geographic orientation
- Correlating map informnation with ground information

Maintaining awareness of compass directions
Route familiar isation
Indicating location of destination , checkpoint features , beacons etc.

It is possible to th ink of other map reading tasks that do not readily fit into these six categories , such as niatching
verbal descriptions of ground information with maps during Forward Air Control (FAC) operations , plotting routes
and annotating maps with route-plan and tactical information and searching maps for features , checkpoints and hazards.
Nevertheless , the fact that all of the functions listed by Morgan et al, ” are involved in reading aeronautical ch arts is
indicative of the complexity of map design problems.

Anal yses of the aviator ’s map reading tasks during different phases of aircraft operations may identify requ irements
that are incompatible or inadequately met. But further sub-divisions of map functions and arguments for more specialised
mapping must he weighed against the economic , production and logistic consequences of map proliferation.

4c ANTICIPATING FUTURE OPERATIONAL REQUIR EMENTS

The methods currently used for establishing operationa l requirements for aviation cartography have been discussed
above in Section 4a . Because map production is so time consuming there is a long period of rea lisation before a new
product can be made available to the user. Thus , it is axiomatic that operational requirements analyses should be
anticipato ry and fo rw ard looking: the continued validi ty and flexibility of current analytical procedures wilt  he critical
detern m im i ants  of time qual i ty  of cartographic support for future aircraft navigation and guidance systems.

It can be argued that  the full potential of many current navigation and guidance systems has not yet been fulfilled
or has been d elayed . For example, suitable mapping was not prepared concurrently with projected moving map displays,
miiaps for low level operations and night f lying have not kept pace with operational needs , and the technical feasibility of
sensor-map comparison (e.g. radar) has not been matched by appropriate cartograp h i c  developments. It is evident , for
instance , that  the sort of effort devoted to the development of infra-red line scan or sideways looking radar sensors has
not been acconmpanied by adequate consideration of the cartographic aids that  are required before , during and after
re connaissance missions. In this context , the implications may go beyond the traditio nal bounds of cartograp tmy, to
surveymng and aerial photography, to provide material more appropriate th an traditional maps for aiding navigation in
the future, when much of the information provided by sensors may not be depicted on existing maps, and when much of
the cartographic information provided is irrelevant or redundant ,and may clutter or obscure the limited information that
is relevant. The prob lem does not end if uitab le form of cartograph ic material tailored for a particular operational
role can he proved and developed. Pro t i cknn cy will depend on the identification of necessary skills in in terpret ing the
mnateria l , and on these skills being acquired by prospective users,

The difficulty in anticipating future operational requir ements and provid ing ad equate cartoeraphic support for them
in time is not generally that  prob lenms are insuperable or that  cartograp imy must always lag b eh itmd. The major problems
and their implications can he deduced from a comprehensive statement of the requirement.  Knowledge of the opera-
t ion al roles , of the associated technology and of the human factors problems to be overcome is also available on can be
deduced. The hunman  factors procedures to he followed in evaluation can be derived and stated ; and also the criteria
which cannot he comp romised. But there is no point in waiting until a new system is well advanced towards coming into
service before beginning the extensive progran mme of cartogr aphic and human factors evaluation and testing necessary to
establish the operational feasibil i ty of the req tmirem ent , to verify t h a t  the aims are attainable and to quant i fy  the

• efficiency of the system in service. More support earlier is needed , planned systematically and with care , limmked to profes-
sional cartographic production expertise , and with a total effort matched to the t ime scale within  which the experimental
programme of map production , testing, evaluation , modification and checking must he conmpleted. In no single instanc .
in the past has the right kind and amount  of cartographic and human factors support been applied to an operational
requirement at the op t imum pace during its evolut ion. Only recently have the prospects improved for providing answers

k - for operational planners in t ime , based ~n proper evahuat i onms using pro fessionally produced experimental cartographic
material.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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rhe cartographic requirements of p rojected map displays (PMDs ) illustrate some of the problems of anticipating
operational requirements for cartographic support, In papers describing the development of prototype projected map
displays . hlonick~~~~ 7.nm * ) com m mnented  on the unsui tabi l i ty  of conventional topographical maps for this application and
noted that  trends in cartography at the time were retrograde as far as PMD legibility was concerned, in one paper ,
(llonick”9 ) he is quoted as saying: 

there appears to be no indication that  the lessons of human engineering on the legibili ty of type , the impor-
tance of contrast and time virtues of colour as an information medium are being exploited in their application to
cartography. ”

These feelings were echoed in other papers at the time concerning the special cartographic requirements of projected
map displays e.g. Anderson~~ , Boot’67. Marlin 369 and Roscoem*~ advocated n egative format , white-on-black maps to
minimise the display brightness at night :  Roscoe ’~~ also called for PMI) map changes in content , symbology , scale , print
size . contrast and colour. The cartographic communi ty ,  on the other hand , have beemm far less optimistic about over-
conning the econom ic and production difficulties of special purpose PMI) maps. Representing this point-of-view ,
(‘annpbe ll37° stated that standard nm i ap series m ust be used as the alternative was too complex , costly and time-consuming.
This a t t i tude  has prevailed. Currently PMI)s are fitted with standard topographical maps and attempt to overcome
legibility problems by overmagniflcation and high-contrast copying (McGrath ’60 ; Taylor 336 ), In an extensive analysis of
PMD design requirements , Carel et al, m% have assumed that  standard mapping will continue to be used in the future. l’hey
argue that f uture displays should be designed to ensure that conventional maps are legible by improved resolution , better
optics , and - high-image contrasts. Whereas this conclusion seems a logical deduction from past experience , it may under-
estimate the tlcx~bil ity of cartographic production methods and the effects of future technical developments. A
programme of research in the UK on the design of PM I) maps has demonstrated that simple , effective modifications to
standard mapping can be made for PMI) purposes with comparatively l i t t le  cost in cartographic effort. (Barrett et a1345 :
Taylor 338’ nOO .31n )

A major trend in operational requ irements , identified by Misu h ia , is the users’ need for more specialised , timely and
up-to-date information, In the past , he arg ued , map producers had no alternative but to furnish general-purpose informa-
(ion because the nn anua l  procedures and materials involved prevented a quick response . This was tolerated because the
response timnes required by the user and the operational systems were not so demanding. Operational systems have
increased in complexity, requirements have diversified , and response-times have beco mmie slower. Partly in parallel and
partly in anticipation of the changed requirements , developments in the automation of various cartographic functions and
advances in allied disciplines have speeded-up production methods and provided greater flex ibil i ty in the format in which
the information can be presented.

Steakley 373 identified two main technological advances in aircraft navigation and guidance re levant to future carto-
graphic requirements that have arisen in response to increased aircra ft performance. Firstly, the introduction of airborne
digital computers will relieve aircre w of many of the “mechanical” aspects of navigation; aircrew will be required to
monitor instruments and displays and exercise veto power , overriding a sensor or changing the flight plan. Airborne
computers will be used to integrate vast amounts of information from a variety of sources, and display tIme in formation in
a useahle formn. Secondly, technological advances in sensors will be characterised by improved reso lution and reliability.
inertial  nav igation systems , forward and side-looking radars, doppler radars , image-intensifiers , and forward looking infra-
red ( F L I R )  are prime examples.

The consequences for cartography of these developments in operational systems are numerous. An accuniulation of
topographic and cultura l data will be necessary to support these systems. Inertial navigation ( IN)  systems will require
cartographic definition of new great circle airways , and the production of great circle overlays for air traffic purposes.
In updating IN systems , ground fix positions wil l  be needed , based on a common geodetic reference systenm . and the
system must include knowledge of geographical factors un t i l  completely drift-free gyroscopes become avai lable ,

The provision of radars with  higher resolution and greater sensitivity control will allow tIme pilot to locate fine detail
in areas of nn in imum topographical and cultural  data whereas in mountainous  areas the gain can be adjusted to display
larger patterns. Radar predictions will  be necessary to utilise radar potential fully. Ideally, t h ese predictions should be
derived fromn a digita l  cartographical base. Thus , by appropriate programming and logic , predictions could he made avail-
able for specific routes at short notice. The l) igita l Radar  Land Mass simulation (I )RLMS) programme h a s  arisen from the
development of this concept.

Doppler radar combined with radar a l t nmn etry will nmake it possible to measure aircra ft altitudes wi th  exact spacing,
accumulate topographic profile recordings and mnake comparisons with information stored in the aircrafts ’ computer
(terrain contour matching).  The correlation could be used to up date  an inertial nav igation system and remnove drift
errors. The guidance system for the cruise missile uses the principle of terrain contour matching for upd at ing IN systemn
errors .

in general , these developments tend to emimphasise mach ine-map reading requirements rather than mnan-map reading .
hlowever , it would be incorrect to assume that map information will not he displayed in the cockpits of advanced manned
aircraft systems. Man ’s value as a secondary navigation computer and map-sensor comparator will not easily be replaced .
As long as man ’s executive role is valued , map content and coding will continue to be important  in human factors issues.
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although it is likely that the medium for display will often be different from the paper format used at present , such ascomputer generated map displays , plasma panel displays , laser-hologram displays , colour video displays , combined CR1!
map displays and , of course , projected map displays.

I

I
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CHAPTER S

AI )A I~T I NG MAPS TO TH E COCK P IT ENVIRON ME NT

Maps are enm ip loye d in niany dj t f e remm (  envirom m n l ent s  including tIme cartographic drawing office , the fl ight-planning
room and the aircraft  cock pit .  Problems arising when working wi th  maps in these env i ronmen t s  can be overc omne by
changing the mn ap , the working em ivironment  or bot h . The aircraft cockpit is prob ably the most crit ical  environment ,
and yet  the least f lexible of these three,

Problem s related to the use of maps in flight tend to be solved by adapting t h e  map to the cockpit in flig ht planning
or nn map production. For instance , maps may be cut in to strip s, joined , folded or moun ted in bookle ts du ring fligh t
planning to make t imem easier to handle in the cock pit environment.  Before this , as part of map design , the sheet size
has been chosen to ni m m i in n ise  time number of pieces of map that need to be joined in flig ht planning.  Also , symbol
codmngs are selected to main ta in  legibil i ty under cockpit environment  comid itions , such as vibration , dim l ighting and ,
perhaps , red illumination.

Map production and fligh t-planning environments are designed to make working wit h  maps easier , for example by
time choice of l ight ing and work surface, Unt i l  the intr oduction of automatic map disp lays , there was comparatively
li ttle evidence of in-flight working environments being adapted to facilitate map reading tasks. Navigator and plotting
stations in multi-crew aircraft may take into account workspace factors such as anthropometrics , console layout , work
surface and seat design , i l luminat ion  and opt imum viewing angles. But in single-seat and dual-seat aircra ft , changes im s
the working environment to facil i tate map reading have been few in number and minor in nature , such as the provision
of m a p  pockets and knee-boards.. This is largely because of the low priority given to m a p  tasks in the original system
design. It is also due to the high f lexibi l i ty  and adapt abil i ty of both the paper map and the mpap-user , and the compara-
t isC in t l exibi l i ty  of exist ing cockpit workspaces.

5a WORKSPACE

Cock pit workspaces are cramnmed wi th  displays and controls , limited in room , and often noisy and vibrating.
l)ependent on role and aircraft  type , aircrew may at one extreme have ample time to select a map for occasional con-
sul ta t ion . or at time othier extreme may refer to it constantly for vital  information on which their safety depends. (‘on-
ventional  topographical maps on large sheets , with the legend perhaps remote from the part of the sheet being consulted ,
are cumbersome and mmpractica l  to handle during flight. Continuous navigation and target identif ication are among the
tasks requiring the map to be used in various ways , and it may be necessary to write on it , to fold it , to transfer to the
correct part of another sheet , to orientate it tr ack up or north up. or to interpre t it with refe rence to other material.
Aircrew may be handicapped in map usage by special equipment , such as masks , goggles or gloves, by the vibrating
environnment  in which small detai l  on a map becomes unreadable , or by poor i l lumination which may be dim or red or
both.

(‘onventional hand-held paper maps are adapted to this workspace by the pilot , in his pre-flight preparation and in
his h andl ing  of the map in flight. The ab i l i ty  of the pilot to adapt the map to his own particular needs is one of the
unnque  features of paper as an information display medium. But t h ere are l imita t ions  on what can be achieved by relying
on the f lexib i l i ty  of the paper miiap and its user. These became apparent when aircraft bega n to fly lower and faster ,
when systems became more complex and when the pilot ’s task became more demanding. The need arose to unburden
tIme pilot , by performing automatical ly  some of his more routine functions , such as navigation computing, This , it was
argued , would release more t ime for the pilot to carry out his primary roles of monitoring the system state and decision
making (Bond 374 ). Maps began to be displayed automatically,  ini t ial ly in direct-view roller map displays , and later m m
opt ical ly projected and electronic map displays. This logical development meant that  the task of adapting the map to
the cockpit environment became the responsibility of the engineer rather than the pilot. Thus , maps became a part of
the pilot ’s workspace , and they had to be fitted to the workspace in the same way as other aircr aft instruments such as
altimeters and compasses.

Physical Size of I)isp lay

One major constraint on map displays is that  space wi th in  the aircraft itself and behind the display panels is l imited.
There are severe penalties for we ic z hty and bulky equipment and for aids wi th  large power or coo limmg requirements. Map
displays must therefore be compact , light in weight , accessible and easy to main ta in , and capable of installation wi t h in
the strict aerodynamic confines of modern high performance aircraft . Map displays have to he positioned so that they
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do not interfere seriously wi th  normal access to and egress from the cock pit and could not constitute a safety hazard in
the even t of emergency use of ami ejector seat. In addition they must not hamper the use or sensitivity of any other
hand or foot controls. M i n i m u m  size is more contingent upon the psychophysiological factors such as the resolving
power of the eye , and time abi l i ty  of the pilot to operate the controls for the map display. In high-performance aircraft ,
escape clearance is a major concern and consequently the display size has to be kept small. “Slide-out ”, “pull-down ”
or “fo ld-up ” methods of storing displays increase the number of locations in which a large map display may be placed
wh en not in use . But ejection clearances nmeamm tha t  these techniques are only viab le for aircrew stations wi thout  ejection
seats.

Location

The primary considerations in determining the location of a map display in the cockpit are as follows: -

( I )  I t  must he usable by more than one aircrew member concurrently if operational requirements imply thi s need.
( 2 )  I t  must not interfere with any other tasks , or wi th  the pilot ’s or navigator ’s view of other displayed informa-

tion.

(3) i t must not lead to confusion by being mistakable for any other information because of its design, appearance
or location in the cockpit.

(4 )  Its assigned position in the cockpit should reflect the priority of navigation information to aircrew ,
(5) It should he chosen to minimise eye movements between the map display, other related instruments , e.g.

compass, and the outside world,

Navigation infor ~~ation would lose much of its significance if it prevented the pilot from seeing correctly his heigh t ,
speed , heading, and rates of climb , descent , turn or acceleration , but it is equally true that much of the information
abou t the state of his aircraft, and even its assurance of his safety, can become almost valueless if he is totally lost.
Navigation information must therefore be assigned a prominent place in the pilot ’s or navigator’s workspace in accord-
ance with  its importance for the operator ’s task. Dii’ferent operational roles may attach different prior ities for map
information and hence there may be differences in the optimum positioning of the map display.

Eddowes37t provided a series of drawings of cockpit layouts which reflected the subsidiary role assigned in the
past to navigation aids in the cockpit, and suggested a reappraisal of the relative importance of navigation information
which led to a repositioning of map displays neare r the top centre of instrument panels. He argued that the need to
carry out almost continuous scanning and re-accommodation between the display and the terrain meant that head-down
positions , low in the cockpit , should be rejected. De-centred positions might lead to variations in the visual accessibility
of the display during turni ng manoeuvres, This might then cause a pre ference for right or left-handed approach turns;
durmn g at tacking manoeuvre s such preferences migh t be detected by the enemy, with undesirable results, Lewis and
de ha Riv m er e 36° installed a roller map display in a top centre position and recorded 23.5% head-down map reading time
compared wi th  28.4’)~. for hand-held maps. The roller map display also produced a marked decrease in radial head move-
ments during map reading , In practice , map displays are usually installed in low centre , head-down positions , particu-
larly in strike and ground support aircraft such as the h -Iarrier and Jaguar , where the top centre position is normally
occupied by a collimated Head Up Display (HUD) showing nay-attack data , a t t i tude , speed and att i tude information,

Eddowes37m anticipated this argument with respect to high priority rival displays , such as a primary atti tude display
and an intercept radar , and added that his line of reasoning could lead to the adoption of more display location sharing
in the cock pit.  This concept enhances the ut i l i ty  and efficiency of employment of limited display space at the cost of
potential multiple unserv iceabi h ity from a single malfunction and at the cost of requiring that  the function of each space
at any one time must be to tally clear and unambiguous in its presentation since the same space may be occupied by
diffe rent displays at diffe rent times. Mult i-function combined map displays have since been developed , but none have
been installed in what  could be described as truly a “head-up” position , (Webb376 ; Dure 377 : Suvada 378 : Braid~~~;AGARD”9 ), Furthermore , collimated HUDs or Helmet Mounted Displays (LI MD s) are unlikely to be used for displaying
map information in the future  because of the serious diff icul ty of obtaining adequate contrasts for map detail super-
imposed on the out-of-cock pit visual scene.

Viewing Distances

Viewing distances during map reading affect the visual angles subtended by time map symbols at the eye , and hence
affect the legibili ty of the displayed information. Viewing distances for conventional topograp hical maps are variable
if hand-held , ranging fro m the near position of visual comfort for reading fine detail , about (s inches, to the full extent
of the pilot ’s arm , about 24 inches. But generally, the map will tend to be held at about 12 ( 0  1 ~ inches fro m the eyes.
Although no rigmd guidelines are laid down for the map designers , inspection of most map symbols suggests that 12 to I 8
inches is probably the viewing distance that  has been assumed by most of them to he time standard .

In single-seat a i rc ra f t , particularly at night when the pil ot may need to hold a torc lm to read his map, most aircrew
rest the map on their laps or clip it to a knee-board . The distance between eye position in a tilted head and tIme thig h
when seated is not normally included in anthropometric  surveys. An exaggerated estimate can be obtained from data
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on tIme level eye position to thigim distance: 1)01) Militar y Standard 1472A gives a 5th percentile of 24 .4 inches and a
95 t h  pt’rc e mmti le of 2b .5 inches t’or USAF p crs ommm iel seated bod y dim i icmisiom i s.  Fq L i i va lc i m t  d a m a  t’or R A F  aircr m.’w are 24 )2
inc hmes (6 3 2 . 9 mnm) and 27 .36 inches (754 .8 im sm n) respectively tBolt om s et ut . 360 t . These mms easur ement s cle arly exceed
normal hand-held viewing di stam i ces ,  If  maps are imeeded tha t  are legible wi thou t  having to he P icked-Li t )  off ( lie lap and
held closer to t I lL ’ eyes . 26 .5 inc h es rat h er t hs am i 18 im i cimes should be taken as the mim m imi lum n legibi l i ty  req u i r e mi me imf .  Few
map specifications meet t h is s tandard of legibi l i ty .

~lost paimel-nmoun t ed map displays are viewed at about  30 inc h es from a rest fain ed posit ion ( ( ‘ arc ) et al. ’9” ), lo
coumiter  this , recent projected m a p  disp lays magnify time convent io n al  map image by linear factors as large as 1 .63 , w i t h
a limi iited optical scale ch ange fa c i l i ty  to view larger or smn a ll er  areas ( M c G r a t h m ~~), Magni f ic at ion  is not possible wi th
roller map disp lays and long viewing distances can cause serious problems. Bringing the map display neare r to thme pilot
by allowing it to protrude fro m (lie panel has the disadvantage of increasing the frequency in chmaimges of visual  aecommilo-
dat ion that  wil l  he required to scan the map display and ot h er panel miiou nted ins t rument s .  Ideal ly  time v iewing distance
shoLm ld he about the same as for the pilots ’ other within-cock p it visual tasks.

Viewing Aimg le

hl uma i l  engineering design principles state that  tIme p lam me in which the disp lay lies should be perpendicular  to t h e
line of sigh t if ’ possible. Lateral  and vert ical  lines of sight should never be more than 45 degrees from the perpendicular.
Legibility remains essemmtia lly unc h anged for lateral amid vertical viewing angles between 90 degrees t i e .  stra ight ah ead)
and 60 degrees t i e .  30 degrees off the perpendicular line of sight) . Viewing the display off-axis t’oreshortens the map
image and reduces the apparent image size, This can degrade legibi l i ty  at severe angles greater th an 45 degrees off the
perpendicular  line of sight. As map displays are frequently used they should he located w i t h i n  a ±30 degree viewing
angle ((‘arel et al)96).

l3ond374 stated that  the plane of the disp lay should “suggest ” the plane of the terrain surface. Hence , he argued it
should he positioned in t h e  pilot ’s lap or at the base of the instrument panel. If in the pilot ’s lap lie recommended that
it should be tilted at 30 degrees or less to time h orizontal . if ’ at the base of the ins t rument  panel . he suggested that  it
shmould be tilted between 45 and 60 degrees from the horizontal.

At a given viewing angle , time visual angle occupied by the disp lay is affected by its size and viewing distance.
Enoch205 investigated na tL mra l  search frequencies during a map reading task and found that coverage of the display wa~
not uniform. Greatest attention was paid to the centre of the display. Search behaviour remained essentially the same
for displays subtending a visual angle greater than 9 degrees. As the visual angle decreased from 9 degrees , t h e  direction
of fixations increased , interf ixat ion distances decreased , concentration of attention at the centre increased and efficiency
increased , measured by the number of fixations fal l ing outside the display area. These results suggest that  a visual angle
of about 9 degrees may be relatively optimum for map displays in terms of the efficiency of eye-fixation patterns. At
30 inches viewing distances this indicates t h at a display diameter  of about 5 inches is probably op t imum.

Fu nctional Reach

Map displays require inputs  and settings to be made by the operator whi le  seated in a restrained position in the
cockpit. Therefore the location of the map display controls must take into account anthropometr i c  data , such as
functional reach. Functional  reach refers to the distance from the hack rest of an upright operator ’s seat to the
operator ’s finger-tips wi th  his arm extended horizontally and forefinger and thumb opposed , as if operating a switch.
DOD Mili tary Standard I 472A gives a 5th percentile of 29 .1 inches (739 mm)  and a 95th percentile of 34.3 inches
( 870mm)forUSAFa ircrew.  Bolton et al. 38° give a 5th percentile of 29 .31 inches (745 mm)  and a 95th percentile of
33.83 inches (859 mm ) for RAF aircrew, The optimum location will depend on several factors, including :-

(I) The precise nature of the control, e.g. switch, knob , button , roll-ball , joystick.

(2)  The angle of the back-rest or seat-tilt , whether upright , semi-supine, or sup ine , which affects both forward
and vertical positioning.

(3) The position of time operator’s elbows , which may he in:

(a) Time mmear low position . i.e. nex t to the body with the forearm horizontal.

(h) The near high position , i.e. nex t to tIme body with the forearm flexed upward about the elbow at 15
degrees.

(c) The far high position , i.e. with the arm extended horizontally from time shoulder.

or (d) The far low position , i.e. wi th  the arm extended and lowered unti l  the hand is at the level of the elbow
when in the near low position.

Morga n et al , ’4 give data omm t he recommended optimum manual areas for these arm positions with the backrest
tilted from the upright position back to 60 degrees.
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Sb HAN i) L 1NG AN t) STOWAGE

I:rom mm th e  earliest  usage of mi m aps dur im i g f l ight  they hav e proved d i f f i c u l t  to imandk ’ i i i  the  cockp i t ( Ris t ow~ ), and
inad equa te  provision has b eemm made for stowage amid imand h im i g.  A recurrent  them i me in ear l ier  cxp e r i m n em mta l  e v a l u a t i o n
was t h a t  t’x m sl i l mg charts  were too large amid cumhc r somiie ( Kish ler , Waters and Orlanski 20 ) . Wu l fe ck et al . io i noted t h a t
‘‘the ta sk of nav iga t iomi  is ex t r eme ly  d i f f i c u l t  s imply because so mi i~ ny charts  must  he carried , sto wed , amid l ia midled on
each f l igh t .  l ’hie i r  large s u e  makes hand l ing  very awlçward” .

Rvd er 3M i concluded from a review of ’ m i avigat ion documents  for pilots tha t  a grad Lm a l  evo lu t i om i  h a d  included addi-
tioii s amid mn odi f ic a tm o , ms  to documents . w i t h  l i t t l e  reference to the  whole system or to how it could best he organi sed .
I3owcn and Gr a dija n ”'2 commented 0,m the paradox that  em ergency ch arts could not he cons L m lte d in emergency becau se
t h ey were carried in unwieldy m m ,an u a l s . W a tk i m m s ’38’m h i s tim igs provide an indi c at iom ,  of the sheer quan t i t y  of im aviga l io na l
amid other u nformat iom i  whi ch pi lots  of mod ern aircraft  are often expected to carry. The ram ige of paperwork carried on
time tu igimt deck was classified broadly by Adder ley 3M as fo ll ow s:

I t  Fl ight Manua l s
t 2 )  Operations Mam iu als
( 3) (‘rew Manuals
4 Maintenance Manuals

( 5 )  Load and Balance Manuais
(6) Flight Plans/Logs
(7)  Fligh t Guides and Radio Navigation (‘harts
(8) Topographical Maps
(9)  Orders and Noti ces

( 10)  Aeronautical  Informat ion  br ief ing data
I l l )  Meteorological briefing data,
( 1 2 )  (‘er t i f icat es  and Licences
( 1 3 )  Technical and Maintenance Logs

The int er rela t io f l s  among these classes of documentat ion when they are in use are complex. The above l is t ing
in dicates  the inheren t ’magm m itude  of the handl ing and stowage problems in the cockpit , and provides a perspective for
treat ing maps as a small , albeit important , part of time total cockpit documenta t ion .

The di tTmcu l ty  of handl ing  maps in the cockpit is often associated with  recommendations for a redu ction in their
scale or prmn t i n g  on both sides of the paper , to enable more compact maps to he used or to reduce the number requ ired
and the problems in changing map sheets, idea lly f rom a hand l ing point of view, one map sheet should suf f i ce  for the
ent ire  route , hut  this is seldom an a t ta inab le  objective . Even if it were possible b y manipula t ion  of scale and sheet size .
it would not necessarily he tIme best soi L mtion.  Many maps would h ave to have less informat ion  tham i the mission required .
simply because the necessary in format ion  could not he portrayed at time selected scale wi thou t  causing serious c lu t ter
and legibility problems.

Ins t rument  Flig ht  R u l e s ( I F R )  operation confined to airways can usual ly  he catered for by mapping time en route
phase on a single small scale sh eet. Separate charts are necessary for  take-off , termim ia l  areas , approach and landing etc.
Visual Fh ight  Rules ( V F R )  operations avoid airways and follow tIme nmos t conven ient  route to the dest inat ion . Sheet ‘

lines for VFR mapping may take into  account tIme most l ikely  routes such as ensuring that  CiLis t er s of major mi l i t a r y  air-
fields are portr ayeu it ’ possible on t h e  same sh eet. Generally,  in VFR operations the map user mii List adapt the nmap to his
en route,  or handl ing  requirements by f’olding ( l i e  sheet ( s),  by cu t t i ng  amid ah igm i i n g adj ac em it sheets in str ips , or by paging
and mount ing  adjacemmt areas in hooks or folders .

Mi l i t a ry  helicopter tactical t ly ing (low a l t i t ude , low speed) and som e general aviat ion requirements involve flights
on irregular route s wi th in  a general area. In such cir etmmst an ces the same map or group of maps may he used niore or
less cont inuously ,  and it is bot h impractical  and unnecessary to use new maps om m each f l ight .  Sets of maps can therefore
be cut to size and joined together by pasting wi t h  glue to cover the relevant area on om me integrated sheet. Semi-perma-
nent  tactical mnfo rma tion may ot’t e m m he added to the composite sheet af ter  jo in i mmg,  and tIme annotated product is then
covered w i t h  a transparent , plastic coating to increase its du rab i l i t y  and to fac i l i ta te  annotat ion and removal of non-
permanent route plan information (Barnard et al, ’29 ), Elab orate methods of folding tact ical  maps are taught , but  rarely
remembered because of their  complexity (h l a r t e r 392 ), Bas ically, they allow adjacent areas to he unfolded and folded-hack
in f l ight  w i th  comparative ease , whilst  ma in ta in ing  the unfolded area mm a nmanageah le size.

Maps for  low a l t i t ude , high speed tactical mi l i t a r y  operations are cut and pasted together in strips to cover (lie
specific route to he flown, llere , the method of t’olding is comparatively simple because the requirement is for linear
rather  than area coverage . ‘Farget areas need to he mapped in greater detail and w i th  greater accuracy thami the cmi route
phase and several 1:50,000 scale sheets may need to he joined together to give adequate ccverage of the target area.
Plastic map coatings applied by the aircre w may he used for missions that  need to he repeated , or simply to make the
map more durable on a sungle f l ight .  Inev i tab ly ,  there is a h igh degree of wastage in discarded paper as time mi m ain objec-
ti-ie is to carry the mmmin i m n u m amount  oh ’ paper for a par t icular  mission.



4i,

Navigators  mu , l omm g -ram i g e . strategic a i rc r a f t  a l located IL) spe c i f ic  targets h ave mmi ore I im t , e  to p lan amid prepare t t mei r
maps L’omiip ared wm t im pilots of single-s eat t ac t i c a l  a i r craf t . 1 hey also h ave moore t ime amid space to han dle mmmap s in tl i g t mt .
I lere . opograp hi i c : u l  m m m a p s are ofteim gathered t oget lmer ammd indexed iii tolder s or books . immdiv id u ia l l y  covered iii P last ic
amid anmmo ( ated  w i t h  pred e ter imm i mmed rout c—p l a i i  amid im i te ih igence infor i im at iom i .  Ilie maJor problem in t h is role is keep ing
time mmm a p s im p- to—date  wi th ,  new aimd c i maimgimig i n to rmi ia t iomm.

Elme t h r e e  mmi ethods of ham m d h i i mg mm m ap s described above folding s l i eems . c u t t i n g  in to  s t r ips , paging mi booklets
cover the broad range of t e c h m nm q u L’s tha t  cam i he used to overcormme cockpit  hamid h i r ig  problems . I t  is upp a rem it  t h a t  whe mm
am i~ of these te chniques  are used . the size of time original map sheet is i r re l evam m t to (lie cockpit  Im a m i d h imig pr oh l emmi . For a
given scale of mimapp i mig t i m e sat ime amoun t  of paper wil l  have to he carried irrespective of the original sh eet sit e . Sh eet
sm/c ammd . imm u re mm m mpor tan U y ,  sheet h u e s . are miiost re l eva ,mt to t l ig lmt p l am i m i ing.  ~h m ey de termine  time number  of imid iv id u mal
sh eets t h a t  mie ’d to be joined amid the p ipu ’ , ‘  ~ d t h e y  affe ct (lie timime spent in preparing niap coverage of a
specific route. ( omiseq m ien t h y .  l l ight i m l a i mnu  ., . .. rat her t h mam i cock pit  ima n d h immg tend to he tIme majom detem in u mman t s  of
sheet si/L ’s a nd sheet h im m es .

\ m im aj or factor  aft  ec t im i g f l ight  p la nmming  preparat iomi is whe th er  tI m e mi laps are d i s t r i b u ted  t’olded or flat .  Unless (lie
sheem u s l i ke l y  to he k . p m  u m i t a c t  and carried folded imi t o the  cockpit  t h e r e  is l i t ( l ~ to he gaimied from fo l d ing  mmmaps prior
to d m s t r i h u t i o m m .  lie m h mre e met lmod s of hamid h imig m mm ap s described ahm ov ~’ are best served b y mmiaps t ha t  are dis t r ibuted flat
to tist ’t . Many topographical  maps are folded prior to d i s t r ibu t ion  at L’o ,m siderah le expense , presuniably to fac i l i t a te  dis-
(rib ut iou , hu t  ss mb l i t t l e  or m o ju s t i f i ca t  iou .u s Far as tIme end—user ( t ime  pilot ( i s  comicerned . If  I he miiaps are d i s t r ibu ted
fl at , it us essL’ui t  al t h a t  t h e y  should fi t  imito t ime cab inets  used (‘or storing t h e m  in flig h t  p lanning  roommis. The sheet size
adopted b y the t ’K  Ordmmance Survey I :50 ,ti t ) tb Series was larger thman  (lie previous One Inch Series and too large for
sm a mmd ,urd  map cah imi ets. This caused untold  storage problems whic h could only he solved by buy ing at great expense mmew
larger cah imi i’ts .

Sheet si/es slmo ukl also tak e im mto aL -L’oum m t time site of time work surface provided in t l ig h mf-p l a imning roo,mms for pre-
pa ring amid cu t t ing  mim up s 0mw simple uuL ’ uns  of reducing sheet si,’es and bulk would be to prim it superfluous legend and
bord er m nto r u i i a t i o m m on time reverse side of map sheets or onmit  (lie legemid en t i re ly  amid publis h it separately in a miser
nma u iua l .  I L’gends am i d all (lie om h mer  border i u u f o r m m m a t i o i u  t h a t  surroumid topograp h ical maps ire not required iii t l ig im a m m d
are cut away amid discarded iii mm iap preparatiomi. On tlu ~’ other h and , certain border informat ion niust he pr inted w i t l m
each sh eet , for idemi ( i t i cat ion purposes . such as i ts  t i t l e . sh eet number  and revision date .

rime ab i l i t y  to match ,  and join adjacent m ii ap s lmeet s is an impor tan t  f l ight  p l ann ing  requiremmient .  Bleeding edges .
w h e re topog ra phical in fo rma t ion  is printed up to (lie edge of t h e  map sheet , and areas of overlap between adjacent
sh eets are ess ent ial  for maps (hiat  have to he joined in strips or composite sheets , Adim e sive edges requiring nmoisten ing
or re m ovimig of protective s t r ip  would also fac i l i t a te  t h is process . hu t  time ex t ra  bu lk  caused by t h e  imicreased edge i h mi c k-
h i s s  ou ght lead tO storage proh l em ims .

I ) i f f i c u l t y  im i ob ta in ing good qua l i ty  plastic c overimm g is a commom i user compla in t  ( Bru ce ’~
5 : h 3 ar mmard et al. ’29 h .

I r o p u u s i l s  to cus er map sh eets w i t h  plastic covering prior to d i s t r i h u h i o i m  cami he ch all em mged omi cost grounds.  As large
p i ) r t i mu m is  u t  t h e  mimap are cut away and discarded in f l ig h i t -p l um i mming  it is more semi sihk ’ to cover iii I l igh t—plamm u mimig  only
m i m ui s i ’ are is t h a t  are ac tua l ly  taken  into  the aircrzih ’t.  Omi (he o t h e r  h umid , tIme costs of fa i l ing  o provide this  mi i a ( eria l  are
ext remmie ly  hm ig i m imi termmm s of increased mmi a p turnover , imi crea scd h mmme spent imi preparation and reduced opera nom ial
e f t u c i e m m e y  FIt e sou rce of (lie pro b lem u m seenis to he in (he procuremiment amid d i s t r ibu t ion  of (lie mimate r i a l :  it could he
solved if it were regarded as a cartographic product obtainable as ami opt ional  ex t ra  w h mem i orderimmg mmi a ps t h rough
esta bhis hme d mi m ap p rocur ememmt and d i s t r ihu ( iomi  ch annels ,

In ui , . tu i ~ u m per a t ional  roles , (lie pilot or navigator enters time cockpit w i t h  volunmimious paperwork . wh i i e i m pr ese mit s
i m i mm u m h i e r e , f m e r  w u t h m  two d i s t inc t  proh l emmis t imid imig  adequate  accessible stowage for it , amid retr ievimig easily tIme pa r t i cu—
h i u  i t e m u m  ss hi cl m mc umee d s . l ime form amid q m mammt i ty  of mimaps comitr ihute  to t h ese stowage d i f f i cu l t i e s , Maps of v i ru om u s
si .ulCs t i r various pu rposes mmi ay he carried , sonic of wh ich may se ldom im he used h u t  whmic hi  are v i t a l  ( mum (lie rare ne casuoums
w i , eu m t (me ~ do h i  Si’ m u ’  he consul ted ,

Maps ire not usual ly houmi d , tagged , am m nota ( ed or coded m u enable t l mem u i t m  Im e readily ud i’m u t i t i ed  in f l ight . mior is
stowage spec i f i ca l ly  desi g m m ~d to f a c i l i t a t e  their idemmt i t ’icat ion amid re t r ieval ,  Vet it s lmo ul d he re la t ively  sinip le to devise
a s chm cru ie wimer ehy mu maps oh d ifferent  scale or di f ferent  t’unc t ion  could he readily recogmiised even when folded , amid to
de sigmi stowage w i m i c h u  also f u l f i l l e d  time roles of fac i l i t a t ing  such d i s t i u i e t i o m i s  amid imlipo sing a logical orderimig or cla s si li ca—
tio n of i t e nm s  to assist ( Imeir  re tr ieval . Sum i ’h m stowage designs should also permmmit  associated it emiis to renmaim i hum gi c a l l y
isM ‘c i i  med wit il~ stowed . Stowage mmm igh i f he in I lie t ormm m of hiii i s , slots , opemi or lock ab le sh ielvi mg w i tI m or wi t  Im ot i ( spring
ilips or similar devices to pr ev emit contents being scattered , damaged or moved imi the event of violent manoesivies, l h e
stowag e in the m m r c r m h t  mig imt s imply he devised to h old a s tandard conta iner  w h mic l m t ime pilot or navigator was equipped
w u t h m , mmm d wh ic h was i t s e l h  designed , wi t h  c ompar (m iments  tagged , i demmt i f ied  m d  laid out to hold all time various item i ms in
a sh andard logical sequence . so u t ah retrieval could he easily Icarncd , amid stam u dard compartment shapes , ta gs. imm ( er leaving
m d  coding could he devised. l ime stowage must  not nmere ly fac i l i t a te  the t’inding and retrieval of (lie required map, hut
must also assist tIme pilot or navigator to stow it aga in q L mick ly  and w i t h o u t  fuss in i ts  correct slot whenever lie h a s  finished
w i t h  i t .  Mm ,r e progress h i s  been made in adapt ing cunvent i ommal  m u ma p s for misc m m m d stowage in ot lmer environments , parti-
cul arly road maps , ( i i , m m has hi~emi mm m ad e w i t h  av ia t ion  maps . it  is cnmph asiscd t h a t  in th is  context  iii part icular , tIme points
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nmade about maps app ly to ch arts also,

Some organisations produce ch arts on coloured paper to dist immguish U memmm fromi i oth er publicat ions and to help in
stowage and access on tIme fl ight deck. Depending on the colour used , the loss of contrast compared wi th  white paper
c amm cause legibil i ty problems for small  line detai l . par t ic u m l ar ly  u nder low in tens i ty  i l l u m i n a t i o m m .  l Ime advantage s gained
im m ermi is of inmpro ved sheet ident i f icat ion need o he carefully weig h ed against time adverse effects of low co umtrast  on
legibi l i ty .  A coding other hi a u i colouring tIme wh ole sheet may be preferable. Unfor tmm n a te ly .  shape or size differences
imitr o dt mce new stowage problems wh en time fli ght deck map pockets are designed for a um m iforum i sheet size. (‘olouring
omily time edges of the sheet wil l  solve the problem hu t  it involves colour prin n mig and ext ra  costs

It  is important  in stowage to dist ing u mi sh between differemit scales of niap, different funct ions  of maps (topographi-
cal , charts , e tch and maps whic h would he Lmsed if the mission went  as planned compared wi th  (hose whm ich would only
become necessary in oth er circumstances , s mc lm as using a diversiona ry airfield , abandoning one nmi ssion and being given
another urgent one. get nmig lost , or responding to other unanticipated events or circum stance i .  The m aps t lmems elves ,
amid (lie way they are stowed . should toget h er provide some effective cross referencing . The formmm ol stowage simould
iumcorp orat e a coding of map type amid region.

A problem mi w~~im tailored cockpit stowage conipart im ient s is tha t , l ike map cabinets  in f l ight-planning rooms , they
hecomne instant ly  obsolete when (lie size of the paper changes. Variat ions in the size of Approach and Landing Charts
h ave caused pr oh he imms in using map pockets on the flight decks of civil airline aircraft . The soi mtion to this problem
lies i u m standar d isat ion in stowage facilities and sheet sizes , and a better appreciation of the user ’s requirements by all
concerned.

In time longer term , tIme h andl ing and stowage problem will  be alleviated in many types of aircraft by automatic
map displays , al thoug h muc h general aviat ion t raff ic  nm ay continue to rel y on conventional maps. With roller map
dmsp l ays . lmand-lme ld maps will  remain an essential emergency aid in case of equipment failure and in circumstances when
(lie pilot is host or h a s  strayed , for one reason or another , from his planned route. With  projected and electronic map
disp lays h and-h eld maps must also be carried to sh ow tactical and route plan information for use in emergency when
the display breaks down due to mechanical or electrical failure.

(‘athi ode r iy  tube (CRT) displays are the modern alternative to paper displays of in-flight documentat ion and
navigation data ,  TV tabular displays , such as used for disp laying system management data in the Tornado aircraft ,
achieve significant reductions in the paperwork that needs to be carried into the aircraft ,  The main problems in CRT
presentation are the l imi ta t ions  of computer memory storage capacity and the diff iculty of colour-imaging. These
problems are largely overcome in combined projected map - CRT disp lays , such as the Ferranti COMED (Aspin 3

~~).
Notwiths tanding the need for paper maps as a systems back-up, combined disp lays have tremendous advantages over
conventional  projected map displays for storing and disp laying navigational information , The write -on facility afforded
by the CRT can be used to store and display route plan and tactical information , obviating the need for continuous
reference to hand-held maps. Sensor int ’ormation such as F u R , LLTV and Radar can be displayed separately on the
( R T  or superimposed on the map image. Dynamic flight info rmation can be disp layed on the CRT , such as the pro-
duction of revisiona ry prima ry flight and engine instruments , fuel and stores management and tables of way-point co-
ordinates , Furthermore , the increasing film-strip capacity of contemporary displays (57 ft at 35 mm in the (‘OMED)
allows a variety of colour coded , non-dynamic , and otherwise printed data to be stored and displayed in addition to
opographical infor m ation , such as emergency procedures , flight information publications , approach and la nding charts,

aerod rome plans , and indexes. All this information can be available in-flight by selection of the appmopr iate display
control button ,

Routes which are planned ahead lend themselves in principle to mapp ing in strips or in sequential overlapping
pages , whereby cumbersome map sheets are not needed and the problems of folding them can be avoided . Automated
cartography may be able in the future to introduce a comparable flexibility in preparing small pages and sequential
strips of paper maps to the flexibility now available in producing electronic displays , such as (‘OMED. Appro priate map
forms for a variety of operational roles can then be envisaged , including map aids for navigating and following a particu-
lar route in general aviation aircra ft fitted with few navigational aids. The effectiveness of any aids of that kind depends
not merely on their content and the logistics of (heir production , but also on their presentation and the logistics of
thei r handling.

A major constraint in the past on the uses of maps in flight has been the inability either to adapt them for easy
ha ndling within the confined cockpit workspaces or to devise adequate handling methods. Paper is the traditional
medi um for printed in formatio n but it is not necessarily the most suitable in flight. Quite small expe rimental trials of
alter native layouts of pages, of overlapping edges, of sequencing and of cross referencing m ight produce substantial
improve m ents , pa rticularly if associated with the development of materials such as the mylar products used in Vietnam ,
suitable for printing without distortion or weakening, that can be folded withou t str etchi ng, teari ng or permanent
creasi ng, a nd that permit clear annotation , easy removal of annotation and hence , subsequent re-use . Current uses of
maps are not solely determined by their content and presentation , but are a function too of their ease of handling.
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Sc I L L U M I N A T I ON

The legibil i ty of maps is a fummctiomm of both the intens i ty  and the colour of i l l umi um at ion .  The in tens i ty  of il lumina-
(ion a f f ec t s  the ab i l i ty  of time eye to resolve detail and discriminate brightness contrasts on maps; the colour of i l lumina-
t ion de tem nm m nes the appearance of’ colour coded symbols and may render timeni illegible under certai n combinat ions of
il lumim m nant  and printing ink.  In aircr aft  cockpits , maps are read under l ighting conditions that vary in lui tensi ty  from
brig h t sum n l ight  ( 1 0 ’ mum i hIm-ha m he r t s~ to artificial lighting close to ext inct ion during exter ior darkness (less than  10 mm m u lh i-
l am m iber m s ) .  Wh ieth u er i l h um m i mina ted  b y reilected light in the case of hand-held map~, or rans ih lumina ted  in projected displays

u m m d sonic tornis of roller displays , or self ’-lun u inous in electronic displays , maps must he dark enough to he usable in
brig h t sumi h ig h it  amid brighut  emmoug im to he read at nigh t wi tho u t being a major source of lig h t w i th in  the cockpit. At nig h t .
ultra-violet and electroluminescent sources , e!ectrical disch arge lamps , and incandescent tungsten and quartz-iodine
ti lam u ment  lig h t ing mu iay be employed in aircraft cockp its , each wi th  different spectral d i s t r ibu t ion  ch aracteristic ’;. l urther-
more , time effective ou tp u m ( from t h ese light sources may he varied by optical filters , by al ter ing the voltage amid colour
te m perature , or by reflections from surfaces w i t h i n  the cock pit wi t h  different  spectral reflectance properties. Rela t ive
spectral energy dmst r i h u t ions , luniim i ance s , c imron m atic i ty  co-ordinates and correlated colour temperature s for  most rad ian t
emm ergy sou rces are given iii W yszecki and Stiles 387 . NATO STANAG 3224 states that  the chro mn at ic i ty  co-ordinates for
red cockpit  lig h t should he wi th in  (lie h i mim i ts :

y h o t  greater t h iau u 0.306 or less th an 0.2~ I
/ not greater than 0.001 .

I l l umm u iimat ion at Ni ght

flue rat ionale hehimid nios cockpit  l ighting systenis is tha t  night flying involves two distinct visual tasks:

( i f  Ex te rna l  cockpit vision , for detecting amid d i scr iminat ing  objects at low levels of i l luminat ion  umsing dark
adapted , how acui ty .  para- foveal rod receptors . ‘t he importance of external  cock pit vision varies in d i t t e reum u
operat iommal  roles . aircraft types and phases of f l ight .

( 2~ Imi te rna l  cockpit vision , for reading instrumemi s and visual displays such as maps , requiring (lie hig h visual
acui t y  provided by (he comic receptors in ( hue fovea of (lie ret ina which operate at comparatively hig h levels of
i I lu mmiina (ion.

l)ark adapta t ion  of t h e  eye results f’rom prolonged periods in the dark . Exposure of time dark adapted eye to t~righ t
light reduces time abi l i ty  to see dimly i l lumina ted  objects: t h e  degree of disruption and the subsequent recovery t ime
depend on several factors including the in tens i ty ,  colour , durat ion and ret inal  location of the exposure . (cf: (‘ Imapter 3a) .

11w effect of in terna l  cock pit (asks on external  night  vision can he reduced if ~he level of in tens i ty  of lig h t wi t h in
tIme cockpit us low . if time colou r us outside tIme range of sensi t ivi ty  of the rod receptors , if the durat iomi is brief amid time
urea of exposure of t h e  re t ina  snmah l and central  (fovea l) .  These effects on dark adaptation h ave been widely denmons (ra-
ted under laboratory condi t ion , e.g. i l echt  and il sia 358 ; Kinney  and (‘onnors tm89 : A GA R D m 7 4 , lhe  important  problems
are ;s he (her or not these effects produce operationally significant savings in night  vision sensit ivity and whether  or not
( luc y are de t r imen ta l  to flue pertorm imance of wi t h in-the-cockpit tasks , such as mnap reading.

Prior to and dur ing time Second World War , maximis ing night vision semisitivity was regarded as an essential requir e-
mm m en for night  fighter  and h onihing operations . Consequently, tm ltra-vio l et amid low-intensity,  red-filtered tungsten
h ighmtmng were mused extensive iy to restrict wavele ngt h s in (he interests of dark adaption.

Ultra-violet Lighting

L l t ra-vmo l e t  l ight ing was umsed iii USAF air craf t  from 1940 to 1947 and iui [ .ut twaffe aircraft  throug h out time Second
World War (Jo l l ey and l ’hu m i et 350 : Kurschner m9 ’ i. Ul t ra-violet  radia t ion between 320 m u mu and 400 m u mu t ransmumius  very
l i t t l e  visible lig h t (~ was soniet mnies called “black h ight ” b hu t  produces visible reflections when directed at radioactive
or fluorescent pa in t .  I hue earliest fluorescent p aints  used for ins t rument  mnarkings emit ted a green colour under u l t r a -
violet lig h t. Ku r schmner 3Si reports time brig h tness of these green markings as 0.3 n i i lh i - l anmber ts .  i) eve lopnment s eventual ly
niade it possible to produce orange-red colours u nder ultra-violet  lig h ting w i mi cl m h a d  less effect omi dark adaptat ion t h an
green l igh t .

Alt hm oug h i  ultra-viole t l ight ing h a d  an operation al advantage over o t h e r  lig h t ing  systems in (ha t  the  phosphorescemit
markmngs cont inued to glow for periods of up to one hour after fai lure of t I me electrical system , it also had several serious
deficiencies . Visible reflections on the camiopy and from other objects in the cockpit such as white  cables and bright
metal were f requent ly  excessive, The brightness of fluorescent mark imig s was dif f icu l i  to control , Time absence of hack-
ground i l l u m m i m n a t m o n  resulted in a f loating effect for instr u meum markimu g s . known as time au tok immet ic  illusion. Ultra-
violet l ight ing  also causes tluoreseence of (lie crystalline lens in t I me eye whic h results iii aircrew complaints  about a
vapour-hike veil in th e cockpit.  Many aircrew reported extreme visual fat igue on long missions.

Op inions  on th e relative merits  of ultra-vio let l ight ing  compared w i t h  other systems have been divided. Wh ile the
USAI used u l t ra -v io le t  l ight ing d m ur ing  the Second World War for instance , the US Navy mused red cockpit lighting .
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Kappauf 392 . reviewing the literature , reported only one direct comparison of ins t rument  reading under the two kind s of
light ing.  Craik393 ’3~’ compared whi te  and red floodlighting, ultra-violet lighting and self-luminous paint and found tha t
the ultra-violet illuminated instrument had to be about ten times as bright as when il luminated by white or red l ight  to
be equally legible , as measured by speed of reading. Similar di f f icu hm ies  were experienced with self-luminous paint  as
with  ultra-violet l ighting: accommodation was not easy and m arkings seemed to scinti l late pr esummably due to fluores-
cemice of the crystalline lens. Probably as a result of( ’ raik ’s work , the UK Flying Personnel Research (‘ommittee
endorsed red lighting as superior to ultra-violet in terms of instrument reading performance and RAF night flying air-
cra ft were subsequently equipped wi th  mult iple  red , white and ultra-violet lighting systems (Kappauf 392 ).

During the period that ultra-violet l ighting was widely used some sources , such as Smith398 , described how maps
should be printed in fluorescent inks, ilowever , most sources advised red map lighting. Pinson m $ examined the effect
‘of diffe rent map i l lum m nants  on dark adaptation and map reading. lie found th at broad map markings were legible at
about 0.005 foot lamberts whereas print of “ordinary size” was legible at about 0.05 foot lamberts wi th  contrast at
80~ and reading distance 15 ho 18 inches. lie concluded that  map hrightnesses of 0.01 to 0.1 foot lamberts were
necessary. Colour of m l luminan t  (yellow-green or red) had no apparent effect on legibility when photop ic brigh tness was
held constant and red i l luminat ion  or red fluorescent nmarking was recomniended to h elp preserve night vision. Follow-
ing this work , Armstrong tm 9 reported an investigation of the effect on night visual acuity of viewing all-purpose aeronau-
tical charts desigmmed to be used under daylight or white , red , amber or ultra-violet lighting. Acuity was measured after
a 25 minute  period of dark adaptation and following h O  second periods of map reading under red and ultra-violet light,
Dark adaptation thresholds were raised by only 0.3 log uni t s , a loss which was nearly recovered one minute later . The
author concluded that , provided the light intensity was kept to a min imum necessary to read the smallest print , neither
i l luminant  significantly disturbed dark adaptation , No fur ther  development of these charts was undertaken after 1943.
Crandall396 reported that fluorescent charts were mass produced in the US for wartime using fluorescent impregnated
paper and standard process inks , but no record of their evaluation is available. Since the Second World War the require-
ment for map legibility under ultra-violet cockpit lig ht ing has diminished. Fluorescent nautical  charts have been
developed recently at the hiS Naval Oceanographic Office using new inks and more sophisticated ligh t sources. No
aeronautical applications are reported (Crandall396 ).

Red Lighting

The main controversy has concerned the effects of red cockpit lighting on map reading performance. As early as
1923 , red li ghting was advocated in the UK as the best means of preserving the aviators ’ night vision (Livingston).
Red cock pit lighting was used by the RAF as the primary means for preserving night vision throughout the Second
World War. This practice continued through the l950s , when it was taken up by the USAF , among others. Only since
the late I960s has the requirement for red lighting diminished , to be rep laced by low temperature white lighting in the
most recent military aircraft.

The serious consequences of an i lhuminant  of restricted cliromaticity for colour coded disp lays and map reading
were realised in the UK in the 1930s, RAF topographical maps were modified to meet the requirements of red il lumina-
tion. Purple hypsometric layer t ints wi th  high red light efficiency replaced the conventional browns. Similarly, blue
and black were used for overprinting navigation information , and red coding was deliberately used for features not
required at night , such as roads. Later quarter  inch series (GSGS 3957) and h :500,000 scale series (GSGS 4072)
continued the p ,actice of musing purple layer t ints into the l950s.

During this period a considerable amount of human factors research was devoted to the problem of designing maps
for greater red light legibility , Some of this early work is reviewed by Wulfeck398 and Chu apanis 39 . The need for special-
purpose maps was widely advocated. l1artIine 3

~ reported that 30 seconds of map reading in white light at 0.2 foot
lamberts , judged to be the min imum comfortable brightness , caused a rise in threshold to about 10 times the completely
dark adapted value , Recovery of full  sensitivity took 4 to 5 minutes.  On the basis of these results , he recommended
that  red i l lumination should be used in conjunction wi t h  specially printed maps , The work of Pinson ms and Arnistrong iS .
already referred to , supported h lar t l ine ’s contention , as probably did Pochin and Wrig ht 400 in a paper on coloured light
in map reading that  is no longer available. Kappauf tm92 refe rs to a 1 945 UK Admiralty Research Laboratory report tha t
orange lighting had been ch osen for chart reading and th at filters wi th  a sharp cut-off near 560 mu were couisidered
ideal as (hey allowed discrimination of esse u mtiahhy all chart colours except blue whi le maintaining partial rod dark adapta-
tion . The report also pointed out that exposure time rather than intensity may often be tim e more critical factor in
disturbing night vision.

At the RAF Ins t i tu te  of Aviation Medicine , Whiteside 3° took photometric measurements and made controlled
observations f rom one observer in probably the firs t systematic stud y of tIme legibil i ty of rmuaps under low in tens i ty  red
lighting. (‘omparing two charts , the ICAO (Europe)  1:500 ,000 scale Series , priuited wi th  browui layer t imi t ing ,  and a
prototype for tIme RAE GSGS 4072 , printed wi th  purple layers , he concluded t h at bot h were unsatisfactory and tha t  a
mono chrom u iati c nmap was required wi th  layers in neutra l  greys , large type (8 point )  boxed in whi te , and a colour fcrm u ia t
which selectively e l iminated features required only by day when viewed t inder red l i g h t .  Subsequently, t l i gh ut t r ial s
were carried out on an exper immuenta l  niom io chrom iuatic map wi th  mn ixed results ( R u mffe l l  Smi th  and Whiteside 32 ). In a
further stud y, time adverse consequences for daylight legibility were identified , arising from changing the colour of
aerod rome symbols from magenta to black (W imiteside and Roden 3i ). Whereas black printing ensured red ligh t legibility .
the loss of colour contrast res umited in poor search performance under day l ig imt ,  Electric blue overprinting was
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reco uuui mmemm dc d :I~ a co n upr oim mu s e solu mt ion for  red light amid day l ig l m r eq uure iu uemmt s .

l ike W hm i t es md e . l ) u u n l a p  lime. omi beh alf of tIme US O f f i c e  of Naval  Res ear ch (Kopommen , Waters amid Orlansk y Sui ;
M u r r a y .  Waters and Or lauu sky tm m8 : Murray and Wa ers 27 ; Murray 28 b imi studies whic h commupared time s tandard wo u ld
a erom m aut ic al  ch ar t  w i th  two exper imnental  ch arts , took the me r l  l ight ing requiremem it for granted , and presunied that  tIme
mu maps m m must he m i modufied o meet time red l ight ing requirem c: u ra ther  than the lig h t ing  req tmirenment mnod ified to meet
cartographic mseed. Koponen . Wat ers  amid ( ) r h am m s k y tm3tm were on ly concerned w i t h  red lig h t legibili ty.  Readabi l i ty  and
search tests , f’ollowed by a qu e s t ionm m:u ire . were conducted on two exper imenta l  nmap s (X l ) A 9 3-I and K iN 9-3 4t h i d
viewed u m u mder  red li g l mt at 0.05 foot candles . l)at , i needed for nig h t tlyi u ig were printed on (lie hack of both charts, and
flue readabi l i ty  tests were com ifined to thmis data ,  Rest ib s f’rom ii ten subjects sh owed sta t is t ical ly  significant differences on
speed and accuracy of readi ui g amid subjecOve opmmiions favouring (lie Naval  c lmart ( X I ) A  9 3-1 ) . It  was concluded tha t  the
differences were probably a function of factors such as visual contrast , symmmho l and type size , colour and formmu . The whiter

L base and blue pr int ing on time Naval c imart were thought  to have influenced the resu lts. Six-point type size was considered
to he too small. An extem us ive pr ogr auimme of USAF research on map design l’or red i l luminat ion began at T u f t s  (‘ollege ,
shortly at’ter the UK inve stigatiomi s . Flue ent i re  progra m me is sunmmarised by (‘rook , I l a u msomi  and Weisz (a) 40 . tnd iv iduah
projects are reported by Mc L aug h lin 34 . ( rook , Hanson and Wulfeck 3m and (‘rook , Ilanson and Weisz lb ) 36 and (c) 37

M c La um g h ih in ~ and subsequent researchers assumed th at the (‘-4 cockp it lamp, fi t ted to most US aircraft , would be
used t’or map reading. [his lamp has a red filter with the following wavelength specification: -

Wavelengths shorter th an (m2 0 ummu transmission 0
Wavelengths 620 650 mu - tr ansmission > 70%
Wavelengths 650 670 mu transmission <40~
Wavelengths 670 740 mu - tram m snmission < 60%

Th is specifieatiom m restricts the effective light to a range wi t h in  which the eye can discriminate nothing but red.
Mclaughl in  measured the relative lumminosi ty  and equivalent Munse ll values of hypsometric t in t s  and overprinting
colotmrs ou m USAF Aeronautical Charts i l luminated by the red (‘-4 cockpit lamp. Assuming that  a 0.02 Munsel l Value
was necessary for a perceptible brightness differe uuce under optimal conu ’itions , he was able to show that  the existing
hypsometric t ints did not give a regula m light-dark brightness progression , nor were all adjacent t ints  discrimina b le . lie
argued that  a brightness diffe rence of 3.0 Munse h l value uni ts  between overprinting and background was the min imum
necessary for 6 point type to be legible under how level red light. With a difference of 6.0 Munseil Value units  as the
upper l imit , he called time range 3.0 6.0 the “legibility gap”. Most overprinting fell in the value range 0.0 3.0 , Assum-
ing a minimum legibility gap of 3,0 units ,  he argued that the highest hypsometric layer could be no darker than 6.0
units  to ensure overprint legibility. White map paper was meastmred at 9.0 value units. This gave a value range of
6.0 9.0 for pr int ing hypsometric layers. Mclaughlin recommended 14 Munsell Values within  th u s range , spaced at
0.2 1 uni t  intervals for coding I I  hypsometric layers and 3 other area symbols town infill , water and areas of m ade-
quate relief information.  Woods were not shown on the chart under consideration.

Subsequent research at Tuft s (‘ohlege followed two broad directions: firstly . to detern m ine experimentally the
brightness contrast necessary between a surface tint and overprinting in order to ensure adequate legibi lity under low
level red light: and secondly, to determine the opt imum level of various typographic variables for maxinmum legibility
at given contrasts under low levels of i l luminat ion below 0, 1 foot candle.

Crook , I lanson and Wu lfeck38 presented performance data on a type cross-out task using lower case geographical
names wi th  in i t ia l  capitals , Smibjects were required to read a geographical name and then cross out , from a group of
scrambled letters , all letters which appeared in the name. Type size was eith er 6 or 8 point , red i l luminat ion levels
ranged from 0,0 14 to 0. 1 2u) foot candles , background reflectance was either 0.26 . 0. 49 or 0.87 ,

Wit h black ink of 0.049 reflectance , this gave a contrast range of 0.81 to 0.94 . Speed and accuracy scores were
obtained from 12 subjects. The results showed that the legibility of both type sizes fell at an accelerated rate as both
the level of i l lumina t ion  2nd the contrast were reduced throughout the ranges tested , Under all conditions 6 point type
was less legible than  8 point type. Time authors suggested that the impairment of performance demonstrated in the
experiment  should be regarded as the min imunu  for operational environments where conditions would he less favourable ,
such as increased clut ter , higher reflectance overprint ing and non-opt~ rnmm type face. Mclaughlin recommended
Munsell values for hypsometr ic tints and black overprinting spanned the contrast range 0.81 to 0.92 It was concluded
that the recomnuended hypsometric series would impair performance by at least the amount shown in the experiment.

(‘rook , l lanson amid Weisz 36 used the sanue letter cross-out task tc investigate the effects of typographical variables
on performance under how intensi ty  i l luminat ion.  Six point (0.064” high) Gothic type were used varying in letter width ,
stroke width  and let ter  spacing. Speed and accuracy scores were obtained from 12 subjects under red i l lumina t ion  at
0.086 foot candles and under white  light at 13 foot candles. For all tIme typographical conditions performance was
poorer under red i l l umina t ion  than under whi te  i l luminat ion.  Typographical variables had l i t t l e  effect under white
i l lumina t ion , but differences in performance increased under red i l luminat ion ,  Medium stroke-widths and medium-to-
wide letter spacings tended to be opt imum. Regu lar letter width was considerably more legible than condensed,

(‘rook , Hanson and Weisz m’ used the let ter  cross-omit task to investigate the effects of background reflectance and
typographical variables on legibi l iuy. The results showed that background reflectance can be reduced to 50% without
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serious loss of legibil i ty if type at least as large as (m poimut capitals is used wi th  medium stroke wid th , medium to wide
letter spacing and regular let ter  width .  With  coloured lettering, the loss of contrast was so great as to make colours
o t h e r  than black and dark blue inadvisable for overprinting, unless the letters are large They recommended tha t  the
densest area on the chart should have a red light reflectance of not less than 50’ wi th  overprinting of about 5% refiec-
taus ce . leaving a “legibility gap” of 45% of time full  reflectance scale,

In their  com umprehensive rev iew of time problems of designing aeronauti cal charts for legibili ty under red cockpit
l ight ing (‘rook , h iam m son and Weisz 4° identified the following al ternat ive solutions:

I )  E l imina t ion  of charts. Subs t i tu t ing  a navigational form for routine cross-country flight , such as suggested by
(‘ramer , Waters and Orlansky 330

’
40 m ,

( 2 )  Day and night charts printed on separate sheets.

— 
(3) l)ay and night charts printed on two sides of ’ the same sheet,
(4 ) (‘harts designed primarily for night use.
(5 )  (‘harts mnod i fied for night lighting wi thout  deletions or loss of daylight information ,
( 6 )  Modifications as in 5. wi th  elimination of some detail to nu inimise c lu t ter  and obtain space for enlargement of

important  inforn uation.
( 7) (‘olorinmetric separation of day and night information , by pr int ing daylight -only information in colours with

how red light efficiency.
( 8) (‘ombinations of (he above alternatives.

In th eir report , Crook , [hanson and Weisz 4° proposed a map specification whic h was essentially a combination of
alternatives (6) and (7), This called for elimination of a small amount of detail , colour separation of a few add itional
features , and modification of the remaining features to maximise red light legib ility. Two experimental charts were
produced , a modified 1 : 1 ,000,000 World Aeronautical (‘hart , and a revised Radio Facility Chart. No objective evaluation
is reported . This study was probably the firs t to point to the serious problems caused by the interaction between low
intensity i l luminat ion  and cluttering , Feature densities th at make legibility diff i cult  under good viewing conditions
prod mice serious impairment when the il lumination is reduced. Reductions in the information content of conventional
daylight topographical maps are an essential component of any design solution to the red ligh t legibi lity problem.
Taylor402 pointed out t h at red cockpit lighting imposes two l imita t ions  on map reading namely, wavelength restri ction
and intensity restriction .

( I )  Wavelength Restriction, Red coclcp%t lighting Testricts the light to a range within which the eye is able to dis-
criminate no other colour th an red , The consequence of this is that the map appears monochromatic and the
value of colour coding for search , discrimination and identification of symbols is lost. The appearance of
synibols under red light will depend on the precise spectral characteristics of the i l luminant , on the spectr :u l
reflectance and transparency of the ink , and on the colour of the paper on which it is pri nted , As a general
rule , colours with predominantly long wavelength components ( reds , oranges , yellows) tend to appear light
tinder -u’d i l lumination and hose contrast against a white map background. Colours wi t h  predominantly short
wavelengths (viole ts , blues , greens) and large grey/black components (e.g. dark browns) appear dark under
red light and retain or increase their contrast against a white map background .

( 2 )  Intensi ty Restr iction. Visual acuity and brightness discriminati on are reduced as the intensity of illumination
decreases, At  hrigh nesses of less than 0.01 foot hamberts , small print such as 6 point type , can be difficult  if
not impossible to read. Where contrasts are low , overprinting may be difficult  to read and hypsometric t ints
may become indiscriminabie from each other. Reduced intensi ty interacts with cluttering and crowding to
make map reading extremely diff icul t  in areas of dense information.

Since this  early research on map design parameters three m ajor world-wide series have been produced whic h , it is
clammed , are legible under red i l l uminat ion These series are : the 1 : 1 ,000,000 Operational Navigation Chart (ONC),

¶ the  1:500 ,000 Tactical Pi lotage Chmart  (TP(’ ), and time 1:250 ,000 Joint Operations Graphic (JOG) . Red light legibi l i ty .
such as it us , luas been achieved primari ly by print ing in colours with high red light efficiency and by keeping the back-
ground colouring, main ly  the hypsometric t ints , as light as possible. In effect , the design philosophy for these series
follows the f i f th  solution proposed by (‘rook , ilanson and Weisz 40 , namely modifications without deletions. The US
t )epartment of Defence Standard Pr in t ing  Colour catalogue gives figures on the red light e fficiency of different colours
iii addit ion to the ink formula , luminosity and chromatici ty .  Some authors have proposed reverse format black nm aps
as a means of reducing time tot al light reflected from maps and minimising effects on nigh t vision (e.g. Roscoe403 ).
Exp er imenta l  black maps have been produced mostly at 1:50 ,000 scale for h elicopter operations but evaluations have
produced equivocal resulis (Johnson~~~; Wiu itworth 40m ; I3arnard406 ). One of the major problems with  reverse form ats
is in giving adequate repres entation of relief (‘Faylor and h lop ki n 407 . (‘urren fly the primmiary concerns of hu m namu factors
research are in assessing the legibi l i ty  and acc eptabi l i ty  of exi st im i g “ red lig h t legible ” charts to aircre w , and in idem u t i fy-
ung the need for  red light legible maps in present day operatiomus.

An experunmenta l  study reported by ( ‘hisum 409 examined the colour discr imination of selected item mi s on US Coast
and Geodetic Survey (‘harts and USA F Operation al Navigation (‘h arts under red and low intensity whi te  light, l Ime
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study was in thmr ee parts. In time first part , paired comumparisons of Munsell colour ch ips were made under bot h lig h t ing
comidit iomi s , with flue sammie level of immtensi ty ,  The colour chips were matched to the colours used on the two cluarts ,
Subjects were required to state wheth er individual colour pairs were the same or di f ferent .  Results from 70 subjects
show’ d that  s ignif k am ithy more errors were made u m mder red i l lumina t ion ,  (‘omparisomms involving hypsometric colours
and wate r  were most dif f ic u m h t  wlmencas those invo lv immg roads and controlled airspace were least di f f ic u l t .  Unfo r tuna t e ly
the report does not specif ’y the colours used . In  time second part , 24 observers located specific features on time ch arts
tinder both lighting conditions. Tinies and errors were recorded. Again , s ign i f ican t ly  nmore errors were made under red
h ighm t h u t  t h e r e  was mmo eft ec oum t immmes. Features tha t  were d i f f i cu l t  to locate under red light had also been d i f f i cu l t  to
dusc rmmm ummm ate  as colour chi ps . I~u it mu ot all of time feature s whmosc colours were di f f icul t  to discr inmin a te  were also d i f f i c u l t
w locate on the imuap. In tIme lust part of time s tudy,  270 aircre w completed a quest ionnaire . Whi te  light was considered
by most to he easier t’or muia p readi uug but  red ligh t was judged bet ter  t’or night missions when all the duties were con-
sidered. Chm i su m u m conclud c~ ( I mat  a l though colour discr i uui i n a t ion was sig um if m cant l y greater tinder wh ite light , other
fu cku ns su ch as shape coding faci l i ta ted mmiap readimug t inder red light amid t Ime results were niore equivocal. She also argued
( h a t  pre-t l igimt p l a uuu i ing h e l p e d  t O o ftsct  time decrement in map le gibi l i ty  umider red light .  Generally,  she felt that other
req u mirem e mm t s . such as dark u d apta 6oim and glare were more impor i an(  t l mamm map reading in cockpit lighting elmh erations.
l t remmnan 400 su mppor ( ed tIme view tha t  time colouring of nmaps was importan t  in flight p lanning whereas iii flig ht  most navi-
gators are able adequately to read maps under red cockpit l ight ing by relying on cues oth er than colour coding.

Mercier and Perdrie l4iO distributed a questionnaire to 4S mili tary and I 15 civilian navigators on preferences for
d i t f ere u i t  i l lm uminant s  for map reading during different phases of flight ,  Comparisons showed that whi te  light ing was
pret ’erred most frequently in cruise conditions , but red i l lum iu: at ion was used most frequently during take-off , c l imb
and handing. Younger pi lots showed a greater pre ference for red light. Mi lh iga n 4i m surveyed USAF pilot opinion on
cockp it lighting and found widespread use of white flashlight torches for map reading. This was acknowledged as a
comnuomi practice in the RAF by McVit ie 4i i ,

In 197 1 . the “red light legible ” JOG Series was introduced in time UK and adverse user reaction prompted a compre-
hensive survey of user opinions (Lakin 340 ). Among the many controversial results , the map was frequently criticised as
“ch romatical ly nmommo (onou s ” and many of the most serious criticisms concerned the lack of prominence of important
features and (he undue emphasis of others. Many of th ese effects could be directly or indirectly attributed to the con-
st ra in ts  on the use of colour coding imposed b~ the red light legibility requi rement. Ironically, only 35% of the res-
pondents described the JOG as readable under red light , whereas 95% said it was legible under white light. But on the
oth er h and , di f f icul ty  in reading the JOG tinder arti ficial  light was not judged to be a serious problem , suggesting that
few needed to use red lighting for map reading.

Following lakin ’s equivocal results on the need for red light legibi lity, a niaior questionnaire survey was under-
taken specifically to identify operational r equirements for map reading at night (Tay lor~~

8 ). Six hundred and seventy-
two aircrew responded in a variety of operational roles and only 2 1% indicated that they used red light for map reading
tinder the most critical ni ght flying conditions.. Generally,  it was felt that  the disadvantages of red map lighting (map
reading difficulties ) were more serious than those of white map lighting (slightly raised threshold). According to (‘hi-
sqmmar ed tests air craf ’t a l t i tude , p h ase of flight , aircrew age and night flying experience had no effect on map light colour
usage : aircraft type and tIme colotmr of instrument lighting on current and previous aircraft types had a signi ficammt effect
at the 0, 1 per cent level , Jet aircrew and aircrew who had experience of white instrument l ighting used white map lig ht-
ing most frequently. It was recommended that the red light legibility requirement be removed from topographical map
specifications , that  a full range of colour coding should be employed , and that methods for improving white map light-
ing facilities fi t ted to aircraft should be sought. These recommendations were accepted by the RAF.

NATO medical opinion on map lighting was clearly stated in 1967 in the proceedings of an AGARD conference on
aircraft instrument and cockpit lighting by red or white light. (AGARD’ 74 ). The conference drew the following conclu-
sions:

l “There is insufficient evidence to state whether the differences in threshold associated with red or white
lighting are significant operationally for this depends on a variable factor , the precise nature  of the visual
task.

( 2 )  At an experimental level it is generally felt that the disadvantages of red integral ligh ting (loss of colour
coding, accommodation difficulties ) outweigh the advantages (slightly lower threshold) . White integral
lighting -- either “low temperature ” or lunar  - is therefore considered more use ful.

( 3 )  I f  the visual task requires detection of externa l objects and features and map reading, a small part of the
floodlit visual field (sufficient to read the particular part of the map being scrutinised) should be white , as
t h is will  tend to prevent loss of dark adaptation in the peripheral parts of the visual field ,

(4) The lighting must be variable in intensity according to its users’ needs , and aircrew should be taught how to
make best use of such a lighting system.”

Glare

Glare is normall y associated with the general effects of relatively bright light sources , such as visual discomfort ,
annoyance , interference with vision or eye fatigue, Old fie ld4mJ describes the effect of brigh t areas within the observer’s
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field of vision as similar  to a “veil ing l un u imia u uce ” or “dis abh imig glare ” superimuiposed on time visual scene, Time eftec ( can
he accou nted for in ternus of actual scatter w i t h i n  flue eye , mmeur al  intera ction effects and t ransient  adaptat io n caused b y
the observer looking at a bright urea befo re at te r mding to his task.  Direct glare and indirect , reflected or specular glare
nmay he experienced w hu em m a br ight  lig h t source is used for map re ading iii the cockpit. Normally map l ight imug is stuie lded
or so directed to nm uu mmmis e  dire ct glare . Indirect , reflected glare us more con um mmon and is caumsed by refle ctiomus d i rec t ly
tr omm i m Ime mmuap and mmid i re e t iy  frommm the cock pit canopy or ins t rumen t  glasses. Reflected glare occur s under two circumn-
s ances: firstly, when there is a marked difference in the reflectan ce between adjacent visual areas , as when map reading
in a dark cock pit , amid secondly, when an area us not perfe ctly d i f fus ing  and concentrates time ref lected light in a cer l aimi
direct ion , as wi t i m mu maps on glossy paper or covered wi th  a sh iny pl astic protective coating. The position of flue individual
wi th  respect to the line of flue concentrated glare determines the degree to which his vision wil l  be affected lc( ’orn u ick u ~~(.

Maps may he modified to m u m u mmim u mise  reflected glare by using a reverse format , by a black back ground , by colouring
background areas as in hypsom etric t in t ing ,  by pr int ing on paper with  a diffu se mat t  surface and by avoiding glossy map
coverings. The map can he held in positions t tu a t  shield other aircrew and other reflective surfaces from light reflected
fro m (he nuap.  Most lig h t sources can be adjus ed in intensi ty and shielded to restrict the area i l l u minated , Increasing
time g cmmerah level of i l l un i in a t io m m will  serve to reduce reflected glare also by reducing the brightness contrast between the
mu iap and the surroum u d .

In t rans t l lumina t ed  projected map displays , direct glare nmay arise from sudden changes in the intensi ty of th e dis-
play du iring frame changes when the mmcrof i lm passes qui ckly through the film gate and briefly exposes areas of film t h a t  S

are relatively l ight .  Survey data h a s  shown that  specular reflections from the display face cause glare and legibility
problems in bright sunlight and to a lesser ex tent  from cock pit l ighting at night , depending on the location of the display
and the method of shielding employed , if any (Care l et ai, m % ). Specular reflection from the display face can be reduced
by various anti-reflecti on coatings. Glare may occur also when the display is adjusted for bright sunlight and ambient
light intensi ty drops sudden ly as when flying through storm ciouds.

Transilluminated and Self-Luminous Map Displays

Transi l lum uum nated roller and projected map displays and self-luminous , cathode ray tube electronic displays have to
meet time dual requiremen ts of being bright enough to give sufficient image contrast in sunlight and dark enough to be
readable at night wi thout  being a major source of ligh t within the cockpit.

Apart from glare , the ambient  cockpit i l lumin at ion provided by instrument and floodlighting at night does not -

appear to constrain map display design. Dimmmng is achieved by voltage regulation or by interposing neutral  density
filters between the light sou rces and the map image. Care l et al , m% report questionnaire data on legibility of map ditphays
at night: most displays were regarded as having legibility problems when dimmed to preserve dark adaption although
these problems were less severe than those in bright sunlight or with hand-held charts at night. Inadequate contrast ,
resolution and symbol size featured prominently in the operators ’ criticisms , but the main problem was one of bright-
ness: if the display is dimmed to a level of intensity that  preserves dark adaptation the map becomes illegible , The
solution to th is  problem is un l ike ly  to be found in redesign ing disp lays. It may require cartographic design of special-
purpose “night maps” , such as reverse format black maps , to reduce the total light flux emitted .

In bright ambient i l luminat ion , map disp lays that  light , rather than passively reflect , light as hand-held maps do ,
suffe r from the disadvantage that  as the ambient illumination is increased up to 100 ,000 lux , so the contrasts between
symbols and their backgrounds are reduced. Carel et al . m96 reported the open-gate brightness of existing displays as
ranging between 200 12 ,000 foot lamberts with  the majority at about 1 ,000 foot lambert s, which was considered
adequate by most users. In the same survey, the authors report widespread criticism among operators that  the ir map
displays were not clearly legible in bright sunlight , and that they were not as legible as comparable hand-held , paper
maps , Small alphanumerics were most difficult to read , but the survey failed to discover whether the main cause was
specular reflections from the display face or the general “washout ” contrast reduction effect of b right ambient illumina-
non. Few operators mentione d that inadequate brightness was a serious cause of their legibility problems but the corn-
plexity of interacting factors must make it difficult  for users to single out subjectively any particular source. In addition
to the disp lay luminance , the contrast obtained in the display wil l  depend on the inherent contrasts of the symbols on
the original cartography 5 the contrast on the film in projected map displays, the screen reflectance , and the ambient
i l lumina flon.

(‘areh et aI. m% report a series of e~fer imcnts to ident ify,  among others, the image contrast requirements for projec-
ted map displays. Image contrasts ( L a~ mr 

m m) ranging from 0.1  to 6.0 and average display scene luminances ranging
from 0. 1 to 1 ,000 foot lamberts represe nting ~he extremes for most PMD S were compared for alphanumeric and non-
alpha numeric symbol legibility under static and vibrat on conditions , with 2 , 4 a nd 8 line pairs /mm display resolution.
Nine subjects took part in the stati c alphanumeric study, eight subjects in the static non-alphanumeric study, and four
subjects in the vibration study. Performance was measured by the amount of magnification the subjects required for
threshold and “comfort ” legibility. The main effects of luminance and contrast were highly statistically significant
(p < 0.001) for alphanumeric and non-alphanume ric symbols at threshold and comfort levels of legibility, and they
accounted for more than 60~/ of the variance , There were also significant intcra ctions between luminance and contrast
(p < 0.00 1 ). Generally, visual angle (magnification) requirements increased as luminances and contrasts were reduced
thro ughout the range s tested . Luminance had a larger effecf on legibility th an did contrast , and differences between
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intermediate and high values had less effect than those between intermediate  and low values, Only the conmhinat ion of
low luminance (0.1 foot lamberts) and low contrast ( 0 . 1 )  produced total ly unacceptable legib i l i ty ,  and indicated that
the minimum contrast f’or nigh t operations will  be appro ximately 0.5 , which is well wi t h in practical cartographic l imits .
‘U the other end of the display operation extreme , low 0, 1 contrast and high I ,000 foot lamberts luminance , the visual
angle requirements were well wi th in  design l imits  for m a p  displays. ‘h’he results are presented in (he second volume of
the author ’s report as display design trade-off criteria in a tetragrap h of immh e rent symbol contrast in tIme original carto-
graphy, map display lu mmi m nance , ambient  i l luminat ion , display screen surface reflectance , and contrast enhancement
filters.

The legibility requirements of combined cathode ray tube and projected map displays (( ‘RPM D s) under high
ambient i l luminat iomu have necessitated optical solutions to the image contrast problem. In the past , (‘RTs have not been
brigh t enough or persistent enough for viewing under time highest levels of i l lu mm ui mi u f iomm encountere d in the cockpit , To
make the image independent of ambient i l lumin at ion , field lens/transfer lens optical systems have been used whereby the
two images are formed wi th in  the display where they cannot be reached by extraneous h igh . In order for ligh t to fall on
either the map image or the (‘RT image it must  pass throug h the trammsfe r lens. The image of tIme transf er lens is time ex i t
pupil for the system , and time d ianueter  of the exit  pupil is designed so that  it is completely filled by time observers’ head .
preventing ambient  ligh ting from enter immg the display (Webb 316 ; Taylor 338 : Aspin 3

~~). A smmi l ar  field lens system is
used in time Ferranti  h arrier PMI ) (ilriggs 4 m 4 ).

Field lens systenms have the disadvantage of a limited viewing angle which restricts the observer’s head movement
and prevents mm m ore than one observer fro m viewing the display at the same tinme. Moreover , indifferent optics easily
result in image-field flatness problems , causing geometric distortion of the m a p  inuage. Operational experience hmas
shown that  a legible map image can be obtained with a bright li ght source without  recourse to a field lens system with
all its disadvantages. However , the image contrast requirements for optically combined map-(’RT images are more exact-
ing and a field lens system may be t Ime only acceptable solution (Taylor 338 ),

The feasibil i ty of all-electronic map displays has only recently come about with the in t roduct ion of large capacity
airborne digita l computers. Brightness problems wit h  raster cathode ray tube disp lays have been reduced by the devel-
opment of tubes with 2 ,000 foot lambert output .  In addition to field lens viewing systems , anti-reflective coatings and
faceplate f i l ter ing techniques using tilted narrow pass band and neutral density filters can also be used to enhance im u mage
contrasts. ( i l ear ne 4mm : Mann 4mS : Oldtie ld4 m3 ). At present , no electronic map displays are in service , and flying experience
with prototype displays is l in u ited (McGrath tm60 ) to simplified , mono~ Iurome formats.

Sd VIBRATION ANt ) TURBULENCE

Vibration , defined as vertical motion induced by the aircraft system , is relevant to map reading tasks when it is in
the range I 30 hlz . Below I Hz , the amplitudes of motion are large and the whole body follows the motion. Above
30 Hz vibration is l ikely to be absorbed and attenuated by the bu tocks , feet and legs and have lit t le effect on the rest
of the body , Within this range , there is some evidence that vibration affects visual acuity. Schmitz and Simons 4 m 7 , for
instance , found that vertical vibrations at 3.5 cps and 2.. - cps affected visual acuity.  In still air conditions , l i t t le  self-
induced vibration is experienced in fixed-wing jet aircraft in time range 1— 30 Hz. Vibration survey data gathered by
Card et aI m9 S for map displays in three aircraft (A-7E , Ilarrier , Mirage I l l )  showed that for most operators vibration was
not judged tc have a major effect on nmap legibility. Vibration is a more serious problem in helicopters , where consider-
able continuous vertical vibrat ion is caused by the main rotor and varies in frequency and ampli tude according to the
aircraft ’s speed .

In an experiment  reported by (‘arch et al. ’96 . map legibility data were obtained under static and vibrating conditions .
using a vibration spectrum typical of a UI h- I  N Helicopter. Performance effects were measured by the amount of image
magnif icat ion required for threshold legibil i ty and comfort legibi l i ty .  Vibration had a significant effect on alphanumeric
symbols at the 0.01 level for threshold legibil i ty and at the 0.05 level for comfort legibility. A 42’ increase in visual
angle was req tmired for threshold legibility under vibration and a 31% increase was required for comfort legibilit y. Signi-
ficant interaction effe cts were found for vibration wi th  contrast/ luminance and clutter.  A small sample of data for non-
a lphanumer ic  symbols showed tha t  the effects of vibrat ion increased as the diff icu ity of using individual  symbols
increased under stat ic  commditions. Generally, it was concluded that  h elicopter vibration requires a nuajor increase in
symbol size , as much as so’; compared wi th  stat ic conditions or those experienced in fixed-wing jet aircraft. Vibrat ion
effects can also be expected to be most severe under conditions of low luminance and low contrast.

Vertical motion induced by atmospheric turbulence can vary from occasional , ligh t to moderate “chop” to con-
t inuous  severe buffeting experienced at low altitudes , causing large , abrupt changes in aircraft at t i tude and airspeed.
Turbulence tends to be a more severe problem in fixeo-wing than in rotary wing aircraft and may make instrument
reading Jifl icult and sometimes impossible , particularly in low alt i tude high speed flight. Survey data gathered by
(‘a rel et al. m~ indicated that  map displays a re difficult  to read under buffeting , Generally, it seems that nmap reading is
unl ikely to be carried out during turbulence ,  In severe buffeting, map reading will  he prevented because aircra ft control
require s the pilot ’s full attention. If the turbulence is of short duration , t he pilot will  probably wait until the distur -
bance has passed before continuing to read a map display. If map reading becomes essential in turbulence , for instance
when (he pilot becomes lost , it is most likely that the pilot will a t tempt to clear the disturbance by altering altitude.
Design i ng map displ ays to be legible in t ur bu le nce is p robab ly an unnecessa ry and impractical objective.
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Sc PLOTTING AIDS

Time va lu me of nuap s dur ing  flig h t may depend on the tools and aids avai lable  iii tIme cockpit f o r  use w i l lu  maps . These
nmay he flue t rad i t iommal  mm avigator ’s aids: customumised ruler s . romers . set squares . protractor s and dead-recko iming coimuputer s .
Tlmey muiay take the f’or mu i of aids omu time nmap itself ’, suclu as l)F(’( ’A overpr imits . aids c omumpat i b le  w i th  time m umap surf  ace suc lm
as cluimmagraph pemucils and fe lt-tipped mumap mumarkimig pemus , aids bu i l t  imm o tI m e workspace suc h as special mumap table s , or aids
to  c i r c ummu v ent  some of tIme degradatiomis j im performumance associated wi flu tIme p hmy s ica l fl iglut e nv i rom m nuemut .  stmc lm as cursors
o p ernmit fimme po siOonimig ummd e r v ibra t imug c omudi t iom ms . Addi t iona l ly ,  par t i cu la r  k inds  of disp lay, su mchu as projected m muap

displ ays muiay both l imi t  the opportuni t ies  t’or u sim. g p lo t t ing  aids and emu ab le  imovel k imm ds of aids derived fro mum display
technology to be introduced.  Tim is m umay apply in par t icular  wi th  co lumputer generated mu maps.

A h inui  0m m the speed amid accuracy wi th  whi ch tasks can he done is set by the aids and environnmenta l  conditions .
in conjunction with  the scale of tIme map. TIme aids available and time consequent accu racy in p h o ( t i m mg positions and
routes may substant ial ly  infl umence tIme choice of the mu i ost appropriate scale for the map. There is no point  in choosing
a very large mumap scale for an envi ronment  wtmere tIm e severity of vibrat ion prevents accurate plot t ing,

A tendency is for aids to heconme progre ssively nuore au(onia ed . sop luisOcated and specific to tIme forni of topo-
grap hical informat ion presented in the cockpit. Bruce ‘ c  described an au tonma ( ic  systemmu for romm e p la mmning to be used
in conjunction with  projected nuap displays . con m pri s imm g a digitise r . keyboard , computer , p lotter  and portable data store .
For nuany miavigation purposes the pilot . ammd par t icular ly  the  navigator , luave t r a di t iommal ly  been able to assume that they
could annotate  the map as an aid to route planmuing and t’ollowing, to target detection and recognition , and to memory ,
Where missions Imave to he p lanned , specific navigational  information must he annotated on the maps ei ther  befo rehand
or during flight: p lot t ing aids must he provided to faci l i ta te  this  process and should pre ferably he such tha t  their  use
does not obscure or interfere with the original content of the map. If a map has to be used to plot linear routes then
its range of colours and symbology must he clmosen to allow suclm lines to be plotted on the maps wit luou t  leading to
ambig umity or difficult ies in visibi l i ty.  The detailed form of flue map and time purpose of the mission wil l  in part determine
whether the annotations have to be in a form whuich can be removed subsequently or may he permanent  since (he map
will  not be used again.

Human factors princi ples can be applied to opflmise the design of tools used for various plot t ing purposes on maps
in tlight , Scaling on these aids can be designed to be compatible wi th  that  of time map to facili tate the measurement of
distance and can be engraved or scribed on the tools in a way which mainta ins  its leg ibili ty clearly under the lighting
conditions prevailing in the cockpit. Similar principles can be applied to tools designed to measure angle or heading
changes, Special symbols may be provided for part icular  functions. For example a transparent sticker , incorporating
a clear symbol and intended to be peeled off the map when no longer needed , may be provided for time designation of
points of particular importance during a specified mission , such as waypoint s and turning points. The detailed design of
these aids may rely on display principles which ensure that they are clearly visible hut do not obscure ot lmer vital inf ’or-
mat ion when they are stuck on. Their relative importance can also he indicated by varying size or colour coding in
accord a nce with the need to draw the umser ’s at tention to the m. The use of such removable symbols may entai l  the
printing of maps on a material which allows stick-on symbols to be added ammd r emovLd without leaving a residue or
tearing or damaging the map.

Similarly,  the ergonomic evidence on the design of controls may he used in providing a method for designating
points and routes on the map by means of remotely controlled markers or cursors . Factors to he taken into account
include sensitivity of movement required , control-display relationships , time size of incremental  steps , appropriate contro l
types , and recommended directions and forces of contro l movements. All such recomniendations would take full
account of the physical characteristics of the cockpit environment during flight to ensure that as far as possible the task
could still he done under the most extreme conditions liable to be encountered ,

Relatively l i t t le work has been done on the practical evaluat ion of mnap aids for cockpit use. (‘ramer et al.~~o.4om
developed and evaluated a navigational form for recording route plan and stores management data for higlu altitude
flight ,  The sui tab i l i ty  of ’ a lig hted chart board for day and night use in the cock pit was evaluated by Pride 4 i M . Ilowev.. r ,

S studies on the nature and content of navigation documents (Watkins 383 , Ryder 3
~~) cover their usage in genera l , rather

than the proble ms of plotting in detail.  Whereas (raining was shown to reduce the errors in direction estimation using
tactical maps the eff ’ects of various plotting aids and of freque ncy of grid l im m es were not covered by Gray et al. 38m , A
compa rison between one and two pilots navigating in helicopters by Lewis et al , 3” j udged their efficiency by the number
of desig nated checkpoints correctly reached , a nd indicated some advantage for dual teams in reducing init ial  heading
errors. h owever , errors ascribable to limitations in the accuracy of plotting or in the aids available for this were not
covered. The diffe rence between roller map displays relying on paper maps and projected map displays relying on an
intermediate photographic process can produce problems in joining adjacent sections of strip maps. Bass et al , 4m9 were
concerned with short term reproductio n capabilities for specialised map display strips to meet tactical needs , but the
different plotti ng requirements of roller map displays and projection displays were not considered in detail ,  The com-
pa rative value of the alternative map displays may be as dependent on the efficacy of (lie associated plotting aids as on
the format of t he map itself.

The design of grid systems and grid plotting aids is likely to affect the ability of aircrew to plot map positions from
co’ordinates and to plo t co-ordinates from given map positions.

/
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I w o  ahe rmuat ive  ret er emice systenus are provided on most (opograp imical aeronautical charts , flue Normuua l Nat ional  or
ti mmiversal  Transverse Mercator (U 1M )  Grid and tIme Geograp luic Referemuce System (GLO RI I ) .  TIme GLOREF or hat / l ong
sy st em um wlmich is used mimost ot ’ten by aircre w , amud by most navigation equipm emu , divides time map imit o  I S  m i n u t e  hammds
of la t i tude  and lommgi (ude aim u l time perimmmeter of cacti ot (hue res u m lt ing quadramig les is pecked at I m inu te  intervals, TIme
size ot eaclu quadramugl e and t ime  gro ummd distance represented by one mmuinu te  of longitude vary accordimig w the la t i tude
of the immapped area. GIiORFFs are norn uah ly conmpu t ed to one mimmute  of accuracy, either by interpolation or w i t h  (lie
aid of a ruler. The irregular size of (he quadrangles prevents the use of standard transparemut  grat icules or ronuers , TIme
UTM Grid sY stem is used primmiarily by ground forces . Th is systemmu divides tIme immap into I or 10 ki lometre  squares .
dependimmg 0mm tIme scale . ‘Flues e cells are nm ,, c i m snma ll er t l uan time average 152 nmin u mt e quadram igle hu t  un l ike  the Georef
quadrangle the sides are not always pecked . Peckings nmay he provided at immterva l s , such as every 50 ki l omet r es . Grids
are normiial ly co m mmput e d to four figures , r e quirimug im mterpo l a t i o im to I / I () t h m of a grid interval.  Ronmers may he used for
accurate p l o ( t immg. which  div ide  ea cim square into  a It )  x ho  ma t r i x .  Whuen plotted correctly, four-figure grids are more
precise (iman I m inu te  Georefs . TIme Georet sy s temmu is printed on vi r tua l ly  all aeronautical  charts at scales of 1:250 ,000
and smaller . i lie Nat ional  grid systemm u is primm ed 0mm large and immtermmiediate  scale m a p s ( l  .50 ,000, 1:250 ,000) whic h  are
likely to he used in operations i nvo l vimmg liaison wi t lu  ground f’orces. Forw ard Air  Controllers , tor instance , will  temid o
use L~1M grid co-ordinates w l memm i demi ( i t y ing  targets on large mmmap s . (‘onversio mm from UTM to hat / long is fac i l i ta ted  b y
pr in t ing  both grids on sonic tact ical  maps . A portable calculator programum imied to carry ou (hue comiversiomi imas been
proposed as an alter n at iv e solution I3rmmce 3M5 ).

- Few exper immuemuts  Imave considered flue factors ef fecting position plot t ing accuracy on nuaps. McGrath et al. ’22
compared the po sitiomm plot t ing accuracy of pilots in s imulated low al t i tude h igh speed flight wi th  time accuracy achieved
by independent plotters l is tening to descri ptions of target locations on radio transmissions. Time results showed (h at
pi lot / plot ter  teams were as accurate as pilots alone , hut  time effects of dif fe r e mu t p lo t t ing  aids and grid systems were not
considered , Romu mers are unl ike ly  to he used in tli g lut , and are pri m mcipa l l y  a mission planning  aid. G u t tmmuan  aimd l imm le y 42°
simowed thua t  wi thout  roimmers aircr ew niade errors in four-figur e grid references on 12 ’ of the immterpo l at ions iii each co-
ordimmate. Addit ional  sources of error can he large , part icularly when verbal conmnuunica t i on  01 co-ordinates is involved
Baker 42i ), Taylor and Uop kin i S i found evidence for mishearings , confusion errors , number  rou muding amid in te rpola t ion

errors in an exper in ie m u t  comumparing the accuracy of position plot t ing From six-figure grid referemices wi t luou t  p lo t t ing
aids . wi t iu  time accuracy achieved frommi verbal descriptions of time location in tern is of topograp h ical features . Accuracy
to wi th in  200 yard s ( 183 in) was achmieved on tIme majority of trials. Gross errors , defined as over 5,000 yards on tIme nuap
mised . the 1:250 ,000 JOG , were mmmore l ikely w i t h  grid re ferencing, and represemited 2’4 of the total errors , Gross errors
were probably due to nmisliearings and confusions. Time majority of the remaining errors were less t lman 1 ,000 yards
and were at t r ibuted to number roundings and interpolation effects. Interpolation between large intervals  leads to a
tendency to over-estimate in the lower Ima lf of the scale and to under-estiniate in the upper half ,  Time au thor s  concluded
thua t  wlmereas tim e normal practice of four-figure grid reieremm cing does not represent time h i i mu i t  of interpolation ab i l i t y  wit l m
conventional  grids at I : 2S0 ,000 scale , reliable six-figure grid reterencing is unl ikely  to occ, r w i t lmou (  time use of aids .
l lowever , the operational value of more precise grid-refe rencing is l imited by time standard error of clmar production at
1:250 ,000 scale , which Ga nm nu o mm m m 3  reports as ±27 5 yards (2 50 metres). I 

-

In general the application of ergonomic principles to map aids seenms to be a seriously neglected area . imu aviat ion
and elsewh ere. This applies to the simplest aids wlmere for example (lie incre mnemital steps imi h u e  thicknesses or symbo l
su es nmay not correspond wi t h  just discrim in ahh e differences in use , and to more elaborate p l ot l imig aids sucim as flue
adaption of mecluanic al  or electronic methods t’or indicat ing positions on time map, and time chioice of appropriate control
display relationships and compensa t immg factors to overcome (he niore serious effects of time physical env i romm m mment  j im t h e
cockpit d u r m mmg f l ight .  Time extent  to whic im aids could he affixed to various map formums imi advance or dur ing t l ig lm( to
aid p lanning and act as memory aids h a s  not been considered in human  factors ernm s, mmo r lmav e suc lm aids heem i defimued

mm a standardised way to meet the various physical emuvironnuental  constraints , part icularly the a m nhi e mut  l ig h mt im ug and
vibrat ion conditions encountered in tIme cockpit. It  mumay well be t i mat time established practices accord well  wi th  iuun ia mm
factors principles so thuat  comusiderab l e improvemm ients could not he attained by a fresh application of timo se principles .
On the other  hand 0 mumay be that  time app h icat iomm of control and display principles to the design and production of
plo t t ing  aids of all k inds Lould lead to sm m h stan t ia l  im provenmemmms in efficiency in timeir practical misc .
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CHAPTER 6

l)E SC RI PT I ONS OF TASKS USING AVIATION MAPS

ba THE PURPOSE OF TASK DESCRIPTION

Time concept of time task description has a particular mm mc aning for timose concerned wit h huma im beh aviour in a
working environm mm ent , although there is disagreement on what  that nm eamming is. For examu mple , Singleton 422 and Tiff i n and
~Ic( o r m umack 7m agree t lmat  t h ere are confusions surrounding task descriptions and related concepts without  agreeing on how
they slmould he resolved. In the presemmt context , task descri ptions cover the actiomms which the man does or should do to
ach ieve a given purpose . flue pmmrpose is related to some aspect of his operational role or mission. The task description
relates to wlmat he does if it is based on analytical methods applied to his behaviour , and relates to wh at he should do if S

it is based on syzmt lmes ising deductive methods on the behaviour which is necessary to fulfi l a particular function.  Task
ulc c cr iptiomms t h erefore refer to time objectives , to the methods for achieving them , to the workspace in which th ey have
to he ac lmiev ed , to time equipn m ent  and facilities and machine s provided , and particularly to the relationship between the
i mma i m and th e machines or tools. In tIme context of aviation maps , task descriptions cover how maps are used and how
mumuc l m mumaps could he used for purposes in flight and 0m m the ground in relation to flight , given the environmental
co i i st r a ints  of displays , controls , communications facilities and particularl y of collatera l material intended for use wit lu
naps. 1 ask descriptions also imply certain aptitudes , skills , knowledge and experience on the part of those doing the

tasks , a n h  this  h a s  to he nmade explicit in relation to particular task descriptions.

Task descriptions may be comump il ed for several reasons. Most simply the purpose may he to give a factual account of
h o w  the task is done . With maps , this can provide a broad indication of which maps are used , how often , under what
circ mm nmstances.  Usage of maps may be expressed as a proportion of the total t ime , related to the other functions of the
uman . and related also to tIme funct ions whiclu commonly precede and follow map usage , This purpose can be taken to any

r equmired level of detail. It  may be related to ph ase of fligh t , to type of aircraft . to the degree of experience of time pilot
or navigator , to time type of nuission , to alternative sources of information , to acquired habits , or to constraints imsuposed
by environmental conditions. Al a simple level , use of a nuap may he described in percentage terms but  more commonly
t i mis  is subdivided to give an indication of how time man uses thi e map. It is immiportant that any fo rm of task description is
a passive process , so that the act of obtaining a task description does not itself alter the belmaviour it is trying to describe.
l)escript ions of how time man does the task may be obtained passively by recording his movements , by looking at eye
mo sements , by giving seq uentia l  timed descriptions of his actions , by compiling flow diagrams of his action in the order
in whm ic l m ime does t lmem . and by noting his extra actions. t)escript ions which are confined to his overt activity are not
par t icu lar ly  useful or explanatory . Eye movement recordings may indicate that  he looked at a particular section of map
for a given h e ngt lm of tinue b u mt will not immdicate why he looked at that  particular section , what particular synihol he was
looking at or wh at he was looking for: or whet h er he obtained fro m the map the information he sought .  Further
information is therefore needed. This can be obtained by deductions from his actions , by presuming that in order to
carry omit a particular action he must have gleaned certain information fro m the map, or it may be obtained by asking hinu
lo rm i mal ly  or informal ly  questions about his map usage.

A fu rther method , not per lmaps as applicable and practical wit im mumaps as wi th  certaimu other information sources , is to
chamuge time content  of portrayal of informat ion  and find omit wimet lmer the change imas any effect on h i s  tasks or on time way
lie performs t h menu . If there is a nmeas ura hl e difference when certain informat ion is added or removed it is then assm imed
to be per t inent :  if t h ere is no difference it is assumed not to be: but the claimed val idi ty  of this process may u nder-
esti m ate m a n ’s adaptabi l i ty .

Sucim task  descriptiomus . at wiuatcver level of detail  timey are achieved , provide nm m mc l u needed basic descriptive imu forma-
hon of hmo ’s tasks withu  maps are performu ied. The process of com piling systematic task descriptiotms is often neglecte d,
partl y be :ause it invo lves a great deal of ro m it ine  amud painstaking work , no niatter which techniques are adopted . As a
resu lt of h i s  neglect there is no sufficient information for many pmmrposes on precisely how nmaps arc currently used.
i’art l y he~ausc of t l mis  reason aviation cartographers often have onl y vague ideas on h o w  aircrew use their products . Tlmose
wluo plan new operatiomma l roles , new cockpits and new cartographic display aids mumay also have inadeq miate inform m mati o mm of
mow rumaps are actual ly  used. Time lack of adequate task description is a general problemim . n~ t co imfined to aviatiomu maps.

Task descriptions may also be conmpiled to deduce what infor m ation is necessary to fulfi l a particular op erati o im :m l
role , Sucfu descriptions camu specify what is required hut do not always cover the practicality of the requiren m eimt ,j mmd g ed
by time f inancial  and technical consequences of providing it. In theory, such deductive methods could lead to new mises for
m aps or the recasting of tradit ional uses , although im i practice this imas seldoni occurred , A methuodica l task description
can indicate  time problemm i s which have to be resolved in real~ion to a new display technique or a muew operational
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re u l u i re m m i emmt  aim d a l low ( hm e i r  i i i m p l i c a t i o n s  to he gauged. h - o r  examuiple  imu considering masks  im m vo l vimmg cormuparison s be tween
r .idar and r um ap in )  o r m im :i t io im . d e scr ip unr i s  speci fy  mug t ime k im i h of i i , for n m a ( iOu w iuich appear s oii radar a mmd its d i rec t i o mma l
h a t  mire c:i ii he used ( mm deul m ice w i mat  k i r ru l  of iim fornua hu m m u would he ru ee dcd on time mumaps and lmow it s imould he portrayed (I )
assist  p a t t e rmm i m matc l m i mmg am id ad j u s t m u me mm ( .  Task descriptions also reveal the feasi b i l i ty of proposed operational roles and can
soru m eh mum e s call t h uemum i n to  ques t ion , by de immommst ra t i ng  that  cer ta imu immformu m at i on  cannot he provided or timat certain tasks
are h ev o mud i mmm i mman ab i l i t i e s .

l a sk  descr ipt io n ’, are also an aid in spec i fy i n g selection and tra im m ing im m et luods .  ( arter 423 included a job de s c r ip t ion
ot time n ua v igator ’s (ask j im lui s t e x t  on psycho logicai researc h on ruavigator t ra i n ing. Task descript ions can be used to
d& ’duce ( lie sk i l l s  requ ired . whic h should he r cflcct c h in selection auu h t ra ining.  They can indicate  knowhe dgc w hm ic iu is
cs s c im ( i a l  a t u ul  svh ich n uuu s t  be ac qui ir eu h us part of t r a in ing .  Th ey can also in dicate time levels of task performance whu iclu
n u n u s t  he a t t a i mm eu l  if a par t i cu la r  operational  muee d is to he met It is possible , for exam mi ple.  to deduce required degrees of
iu : m s i y’.um io lmh i l  accuracy for pinpoint ing targets.  It  n u ay he possible to take  th is stage fur ther  and deduce probabi l i t ies for
b e c onmi rug lost w luic h m may  he associated witlu tolera b le errors in navigational  accuracy. Suclu informat ion can in tu rn  be
used to indicate  time scale, time level of detai l  an m i time for n umat of appropriate  maps which , would be most help ful  imu enab l ing
time tasks to be domme.

One prob lc mm m ( i m a t  arises in c oi mmpi l i n mg task descriptions iii mumost avia t ion envirommmm m ents  is thuat  a single mumap is used for
m m uaim v tasks  and in nm ua n y ways . Systematic task descriptions may reveal that  the range of envisaged tasks is too great for
a single map shmeet , because it poses insuperable problems of informat ion  densi ty ,  coding or relative pro m inence. The
task description not only indicates what information is needed hut  also the permissible time in which it must be obtained.
flue relevamut imuformumation mmi mi st not sinuply he presented on the map but nmust be presented in a form where it can be
fou mnd and understood wit i min  the t ime available.  If t h is is impossible , then the task description suggests that time opera-
t iona l  req u miremen ( cannot in timis respect he met by tIme part icular map ,

Ar uo fl u er  profitable aspect of task descriptions is for the person compil ing the task description to do tIme task . This
can he one of time nmo st effective and least expensive mettuods of gaining insig imt into the nature of time tasks. Numerous
objective nuetimods can be mised for gat h ering data about tasks as a basis for comm m pi l ing tasks descriptions , including tape
recordings . ti lnms . video tapes and t h e  tech ni ques of tinue and motion s tudy.  From such evidence the fundamenta l  skills
and abi l i t ies  required k~r a task can often be deduced. Uowever , care must he taken lest time unjustified assumption is
immadc t h at all thmat  t ime nman does can he accounted for by a simple sumnmation of the contents of the descriptions of his
ta sks.

It  is essential in describing all bu t  the simplest tasks to cover not merely wh at time man does but what he is
respon uting to . wluat  hie is deciding and wh at he is solving, What he is responding to implies a description of the informa-
tion available to hinm , This is relatively easy to state in displays of information which change , such as altimeters or air-
speed indicators . hu t  is not at all easy to state when he uses a map. The decisions whi chu he makes can sometimes he
deduced from what he does , hut  on other occasions th i ey have to be identified by qumestioning him. He may for example
e x amu i ine  for a l om mg t ime information available to him , and decide t h at the correct :~cti on is to do nothing.  Problems
whui ch he I mas solved are often reflected in his actions , but it may be necessary to ask imim questions in order to discover
whic h t ac to r s  lie has taken into consideration in solving the problems and whic h he has not , wh at knowledge and
experience he has used and what  lie has not , what he has remembered and wimat he Ima s forgotten.

In relation to maps it is usuall y possible in principle to compile for each task done with a particular map a
categorised list of time obse rved actions and activities , of time deduced and reported fu rther activities . of tIme lengt lu and
dis t r ibu t ion  of time t ime spent wi t h  time map and of the use of the m imap in relation to other functions. With sucim a descrip-
(ion b r  eaclu task comparisons across descriptions are possible to show where time same map is being used for very
differe nt functions and to indicate in relation to the info rmation displayed which of those functions it is most fitted for .
The principle can he extended using task descriptions for other maps to suggest that  for certain tasks a different map mu m ay
he more suitable.

Inevitably, using a n analytical  approacim . the content of the task descriptiomm is biased sonuuewhat by the methodology S

adopted , With a synthesisest approach relating to envisaged future uses of time map it is more possible to he comprehen-
sive and objective so that  time resu l t ing task description is more thorough and less biasem l . It is also possible to consider
mo re impart ial ly possible extensions of map usage beyond those habitually adopted . In pa rticular , if a broad approacim
is taken to operatio nal requirements without prejudging wh ether a map is needed at all or what its scale or content or
usage should be . the likeliiuood is greater of obtaining a task desc ripti on less constra ined by tradit ional  conventional
practices . It  should not he pres ummed timat su chm an approach is necessarily better:  hut  in (he past time role of maps has
been very numiclu constrained by the deficiencies of part icular  map sheets or environments whichm misers h ave emmcou n tered.
There is always a tendency to gemuera h ise these deficiencies as app lyi n mg to all maps under all circunistances , when of ten
they need not do so.

Systematic analyse s of navigators ’ tasks are available.  L atha mmm and Spencer 424 recorded the actions of navigators
and radar operators dur i ng  six operational bombing sorties in a study of the effects of fatigue and experience on the
navigator ’s work pattern. Their activity analysis showed that  map reading per se accounted for approximately 0.5’~ of
the total t ime on t hese pa r tic ul ar ope ration s, a nd th at ex perie n ced n aviga tors spen t mor e ti me map reading than
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inexperienced navigators . More recently.  Seifert and l)enksc iierz 42m and I)enkscherz 426 have reported an analyt ical  study
of the navigator ’s task , duriz mg the design and development of a new figi mt er aircraft , where map info r muu ati on is presented
on a mnoving map display.

The early cartograph ic researchu l i terature sluows evidence of at temu m pts  to obtain descriptions of the nmap user ’s
tasks. M ihl er ’s mm experimental  air navigation map relied on certain task description methods insofar as the pri rmcip l es used
in this design were based on actual flying experience and represented the needs of time navigator , Bishop et al. 22 were
probably tIme first to emnp loy task description infornmuat ion , based on interviews and questionnaire s , to study operational
chmaracteristics of aircra ft and i d e n t i t y  wh at is visible on time gromind frommu h igh a l t i tudes , before preparing a nmap specifica-
tion.  Task descriptions of a l t e r n ua t ive  comparable proceh u ure s shmou l d he a prerequisi te for drawing up specifications whichu
will nnuect  the needs of t Ime user . ‘fask descriptions in some foru m are also necessary as a basis for evaluat ing the adeq umacy
of maps (Mc U i l l  and (‘am 26 ) ,  and task d escriptions may also he nieeded to pro vide a logic for specifying what  al ternat ive
nmmaps are nu eeded and h o w  t lmey simould differ  in order to meet t ime whole range of operatiomma l needs (D orny,  Waters and

— Or lanm sky tmm ). ‘Flu e task descriptions will  also provide eviden ice on t l ue nece ssary size and hand l imig qual i t ies  of nmuaps dur ing
flight (Kis im l er , Waters  and Or lanm sky 20 ). Th ese authuors  recomn m eim uhe uh a com h immat ion  of subjective data fro m umsers and
objective performm iance tests to develop map specifications , the imp lication being that  inforniation of a task description
kind could thuerehy he derived , A l thommgh (ask descriptions generally imm eh icate  t imat for nmost spedi fic purposes the ir m fornia-
tion dep icted on many maps is excessive . nevert hmeiess for certain tasks more detailed information nm ay he necessary for
adeq u mate task performance (t ’ayn e 427 ) .

Bishop Ct ai , i ZS began thei r  a t ( enmpt  to draw up a specification for h elicopter maps by conduct ing ajob analysis of
the tasks in time helicopter. Timis raised broader issues as to whetimer time map shoukh he- u sed as the only aid to navigation
and how aerial photograpims migiut  he used in association wi th  ot iuer navigational  aids. Barnard et aI m2 S also ~segan withu a
job analysis in investigating hie h icopter tactical  map requirenu m ents .  An al ter u mative aspect of task descriptions is to start with
a specification of the content of the map, from which deductions on the tasks which could he performed using such
information might be made (Summerson i22 ).

Time procedures for compiling task descriptions in relation to maps are qui te  standard. llavron and J enkins 425

emphasised time evolutiona ry aspect of task descriptions whmerehy an ini t ial  compilation nmay be cluecked , verified and
amended , and this procedure may be continued for sonic time to find a correct task description at the level of detail
req u ired. An aid to ensmmre tha t  task descriptions are com prehensive is a check list. Task descriptions for maps may treat
maps as displays in many respects and employ one of the check lists compiled in relation to disp lay design and evaluation
(Sinaiko and Buckley 429 : Singleton tm m 0 ). Task descriptions nmay be considered iii the broader context of the whole man-
machine system during fligiut , in which case the principles for evaluating such systems become applicable (Meis ter and
Rabi deau 430 ). Sometimnes guidance for task descriptions mumay also be obtained from genera l cartograp h ic sources n uot
i n i t i a l l y  related to aviat ion.  An exa m ple is time discussion of problems of terrain representaticn by Shernuan 43m wimo
enumerated sequential decisions to be taken about imow relief should be portrayed.

A furt h er approach is to ask map designers about the design principles wimic h i they follow and tIme purpose which
th i ey serve. When McGrath 432 did this , he found that time design of aeronautical cimarts was greatly constrained by the
radio navigation aids available and b y air traffic control regulations governing t raff i c on airways. Payne 427 was anmong
other earlier researchers who had concentrated on ni map design in relation to air traffic control proble m s.

The analytical or synthesising approach may he used for task descriptions in relation to map display technology . I t
is possible to start wi th  the classes of display technology available and deduce fro m this what  tasks each could best f u mhfih
(Mc Grath 433 ). Al ternat ively  it is possible to start with the operational needs and task requirements and th en to deduce
and specify the information needed for each task . Knowing this , it is then possible to decide whmat would he the most
efficient display technology to employ to present it (M cGrath 356 ). These alternatives are not necessarily conflicting or
contradictory hut  the first is restricted to the display te clmno logy available at time momnent , and t I me adequacy of the
second upproach depends on a thorough knowledge and compehence not only in task deacript ion. compilation and
nn ethods hut  also in the nmap ul isplay teciuno logy available and the constraints whic h it imposes.

h lo pk i n 70 . out l ining the imunuan factors disp lay principles mmsc d in the com m upilat ion of an experimental  mumap sheet , noted
tha t  this  process of testing the relevance of huuu n an  factors display principles to map design was not a rep lacememmt for umser
opinion or job and task d escriptions . which were still  essential. ‘(‘he purpose of the experimental nmap was essentia l ly to
test whetluer im u mmanu factors principles were app licable to the design of maps and to provide guidelines on wh ich principles
could he applicable as t h ey stood , which were not applicable , and which mi ghmt he applicable after nmiodi fi catio nm . .‘\

comparative evaluation of the experimental  nuuap is reported by 1ayki r tm00 . TIme work of Mur re h l iu i  is also p er t inen t  to
task uhescr iptions , aithoug lu not commd u cted for that purpose . Asking umsers what  information t h ey consider mmec cssary for
a task produces answers in the form of legend categories and hence in pred ct cr n umined cartographic ter m s. M u m r r e l h t m H
adopted a different method , and asked aircrew wh ich specific items ‘on snuall  sections of m i map they wom ild require for a
given operational role. ‘ h u e  results were different from those obtained by asking quest iomus abom mt legend categories and
were interpreted as being a more valid method for def ining users ’ needs and imenc e for con m pi h ing task descriptions.

Wright 3m4 considered l i ghu t  m il i tary aircraft and the u sers’ requiremmu ents  in theni. lie fom i nm l tha t  detailed task descrip-
(ions were essential to mmri ders ta nd the pilots ’ role and also to draw up an a d e q u a t e  specificatiomm for reflecting very
different degrees of complexity of equipment  required. Simple equipment  may be essential , for instance , in imehicopter
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operati onu s , wimereas very c om u up hm ca ( ed  equ i pmmment  mnay he eqmia hi y e ssenutial  for a l te rm i a t ive  roles requiri mug rad ar-nmap
m m uat ehum i mg .  (.mmm nu mu mi mu s 328 h a s  also pr ovi eleul a disc u mssiom m of nmiet h uo el s and criteria to tie followed in descri im imug nse r req u u ire -
u m u e m m t s  t’or maps . M u l l e r 3m2 sim ighed ommt nmaps and immap displays as being ina eI eq tm ~ite for l umw a l t i tu ide  operat iomus becamms e’ t u e
proh h e nums of time pilot and Imis role as a comumponent of a m an- n nac lu ine syste m hmau h not b eenm au l eqmm a te ly conskhere el in re la t io n
to cartographic support. Farrell 355 has discussed measurement criteri im in assessing performum ance of helicopter pilots and
Strot hm er 362 was concerned with  time vismmal activities of low flying ime hi copter  pil ots w inic h m would for num a part of tIne task
des cript iomm for sumc hm pilo s. Evalmiations of new nuap types such as nm i l i ta r y p lmoto r nmaps ehepeiud cu )m m siderah ly (or t h eir
resul ts omm lue choice of tasks since ’ somuie are performm m ed bet ter  wi t im ph oto mu maps and soni c withu conventional line niaps
G h i l l 4 M ). I) eta i led task de ’scriptioim s baseeh on user requirements can be used to stuidy and classit y time missions and
comms i dera ( i ons uinder wimi e hu a pimotonmuap muuig h mt be more effective than a topograp h ical map. t f l t i m na te ly ,  task descriptions 

S

u nuay reveal mu eeds whuicim cannot lie fulfil le d . Wood ’s435 s t u d y  of statistical terrain analysis i l lustrates the gap between the
practicali ty of such iu iethods amli h time nee h to discover and apply principles for terrain classification w imich i wou ul d enable
info rmumat i on of mumihi ta ry  uu se to be prohmice d  q u i c k l y .

l)espite extensive discussion umu the  value of ask descriptions in rel ation to avia t iomu nm i ap s . (he fact renmains that  such
u h e script iomms h ave nmev er y e t  been conumpi l ed as t imoroughuly amid as systenmatica l ly as they could have been. They must  he
(horom igim amid systemmuatic  in ord er to realise tIme full  p otential  of the task description method . The provision of adequate
comprehensive task elescriptiomms in relation to aviatiomm niaps would be a great benefit  to all concerned but t it requires a
broad co-ordinated approach o replace the piece m eal one adopted hi t imer to .  Good task descriptions serve many usefu l
h’u mnct ion s .  At present we imave inadequate knowledge hotim on time details of hmow niaps actuma hl y are used and on how they
comild best lie used in relat i omu to deve l opnments in modern disp lay teci mno logy .

6b BRIEF ING TASKS

Briefing and fl ight  p lanning are the two mnain act ivi t ies  involving nmaps tha t  take place before a fligh t commi mnences.
B rm c fing is mumainly concerned with the dissenmination of inform iu at ion to aircrew who are about to fly a mission. Planning
refers to time work involved in preparation for a mission and in mak ing decisions about achieving mission objectives. Some S

form of briefing on mission objectives mmmst always precede flighut p l anning,  if only in the sub m ission of mmm ission tasking S

details , and a final briefing wil l  often follow time p lanning of the immission , particularly when more than one aircraft is
involved. ‘lime detailed content  and sequuencing of briefim ig and planning will vary in diffe rent operationmal roles . m u
different aircraft  types and in different sq tmadro m ms. Altimouglu certain Standard Operating Procedu ure s (SOPs ) must always
he followed , notwi ths tanding these tI m e procedtmres used on individual  squadronus will vary out of necessity wi th  the
specifi c mission to be flown and the time available to prepare for it.  It is outside the scope of the present vo iu m mme to con-
sider all possible variations in briefing, planning and other aircrew tasks involving maps. For up-to-date information on
specific proceduires the read er is directed to ot h er soemrces where they are dealt wit h in moore detail suciu as Brmice 36m on
cuirrent procedmires for low level strike sorties , and Barnard et al. i2 9  on low level helicopter operations. Time purpose of
thums section is to draw at ten t ion m to main differences in how niaps are used by aircrew and to consider h o w  well n imaps are
adapted to these diverse tasks.

l)epending on the circumstances of the mmi iss iom i , a briefing may take tIme form of a self-briefing, where time individual
instruicts h imself on mission relevant information , for example if he is required to return quickly  to an area wi thou t
leaving hums aircra ft . More comnmon ly the briefing will be given either informally or formally by a flying instructor or flig imt
co mnmnander  wit im other aircrew in at tendance,  In a war-t inme situation , pre-plam mned routes sv i ll be extensively used by low
level strike aircra ft to ensu re qumick response , and aircrew m ust keep a continmuous , up-to-date brief on the requiremenmts
for th ese nuissions. Briefinugs nnay also take place in flight in multip lace aircraft , for instance when the navigator instructs
the pilot ah ,out changes from the planned route due to evasive action , geographic disorientation or a cimanged tactical
si tuation.

l ime k inds of informat ion that mu m ay he included in a briefing could cover the following areas:

I General nuission objectives and tactics .
(2)  (‘all signs.
( 3) (‘ompositio n of flight.
(4 ) Armaments  and fmme l .
( 5)  Fuel checkpoints.
6 Radio freqmiencies.

( 7 )  Fim ing of mission.
Ut) Current and expected meteorological conditions.
(9) Warnimmgs , e.g. parac h mumting.

( 10) Restrictions on flying procedure s (e.g. peacetime requirements).
( I I )  Restrictions on aircraft (e.g. maximuuunm flap settings at pa r ticmm l ar speeds).
( I  2) I mergency procedures following eq uip mn me n t failure s, loss of contact etc.

Muciu of the information contained in the briefing reiterates the original task obtained fronu the operations control
centre concerning aspects of tIme target , mission and aircraft . If the sortie has already been planned , detailed infornmation
on the sortie content and on the target , fire position or line of searcim mum ay also he given. This may include: time locati omm
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of enen nu y and friendly forces : waypoint , target and fire position co-ordinates; rendezvous points , initial points , pull-up
points: sectors of fire , at tack headings , cross-over , run-out and evasion tactics; defences , terraimu and sun positions;
diversiomuary airt ’ields. Where necessary t imis information will be illustrated by diagrams drawn on a blackboard , which are
copied ommto a numap or knee pad by aircrew attending the briefing.

In time case of a final review briefing for a low level strike mission the detailed flight planning will  probably he corn-
plete , and the aircrew will have copies of the route drawn on their maps for reference and annotation , during the briefing.
In other aircraft operations such as low level h elicopter nuissions , route planning and imiap preparation may take place
after the mission briefing , Map stu ndy is an important aspect of pre-flight briefing and this may take place during the pre-
paration of time maps or at any time t h ereafter . The aim of map study i~ to memorise the route and to visualise the likely
appearance of waypoints , identification points and targets.

l)ebriefing sessions after a mission may be formal or informal. The purpose of a debriefing may be to review the
conduct of the sortie and the problems which occurred , to discuss their implications for futu re tac tics, and to pass on
information about enemy positions and defences , useful identification features , possible fire positions , entry and exit
routes , anmd available cover and line of fire. Most of this information can be conveniently recorded on a map.

In the past , most topograph ical maps were able to make some contribution to briefings. Map scale was the main
determinant of information content and , provided that time appro priate scale of mapping was available for the area , a
map would form the basi s for the mission brief. In the future , map content is less likely to be a simple function of map
scale. Maps will become more specialised in terms of the functions they fulfil , and different contents probably will be
found on maps of the same scale. Under these circumstances it may be necessary to produce special maps for briefing
purposes.

In general , maps have not been designed with briefing in mind and the experimentation done on this topic is very
limited. The li terature has mainly been concerned with effectiveness of maps as aids , in sensor or reconnaissance informa-
tion interpretation. A series of studies at the USAF Personnel and Training Research Centre by Lichte and his colleagues
considered the effectiveness of maps as aids during radar bombing (Daniel et al. 54’55 ; Lichte et al. tm7 ; Lichte m8 ’59 ). The
task involved direct comparisons between the map and the radar imagery in flight , and the major map variable investigated
was map scale. The method of displaying the map, its detailed content and coding, and the instructional technique were
not varied independently, A study by Welch and McKechnie 4

~ compared the identification of various targets on side-
ways looking radar by navigators with various briefing levels , some of which included examination of a map beforehand.
Th eir findings that  m a p  study made no diffe rence to the successfu l finding of targets on the sideways looking radar
imagery was interpreted to mean not that maps were irrelevant to sideways looking radar or that briefings were unproduc-
tive for nmmis sions using it , but that new briefing techniques and new briefing material will have to be developed to make
sideways looking radar imagery more intelligible. McKechnie 431, in a further investigation , found that information about S

the nature  and location of targets on sidew’”ys looking radar imagery enhanced performance in detecting targets whereas
even gross changes in time simulated velocity of the aircraft did not have a great deal of effect on the general propo rtion
of targets detected. In a further study (McKechn ie 2 m8 ),  he was more specifically concerned with maps and compared
maps with electronic indicators as briefing aids. The introduction of maps on which the required targets were circled
led to dramatic improvements in the detection of targets on the sideways looking radar imagery, though not in the time
taken , More generally, Parkes reviewed the evidence from a number of studies which indicate that target acquisition
performance is very dependent on the nature of the briefing information available beforehand. I-he conducted an experi-
nment which showed that oblique photographs of a target and its surrounding terrain provided the most effective form of
briefing information , but that perspective views derived fronm map information were also beneficial and indeed were
better than time map information alone.

While briefing tasks feature to some extent in surveys of map users (Lakin ~~°) and also in studies of how informa-
tion on maps is actually used (Murre ll’31 ) all such work puts the main emphasis on the use of maps during flight.
Similarly al though Taylor and Ilopkmn m tm ’  have compared the accuracy of locating pinpoints using grid refe rences or verbal
descriptions of topographical information , the envisaged application of this study was during flight in forward control-
operations rather than during pre -flight briefing, although many of the factors studied were relevant to both situations.
The use of UTM and hat/ long co-ordinates during pre-flight planning and briefing was considered to be a source of
problems by Bruce~~

5 . /

The application of human factors principles to the role of maps in briefing has therefore been a much neglected
topic. Certain principles and recommendations which can be suggested depend on the application of existing human
facto rs knowledge and on the supposition that it generalises , rather than on detailed studies specifically evaluating maps S

fer briefing purposes.

A good bri efing has to he fully intelligible as given. This means that either it must develop its own frames of
reference so that the person giving the briefing does not rely on his beliefs or assumptions about what his hearers know or
how t hey thi n k , or it must uti lise what is known about instructional techni q ues, mental imagery, and human memory
and about the method inculcated during training for absorbing and interpreting briefing information.

A cert ain am ou n t is known about instructional techniques using maps and aerial photographs to educa te school
children and adolescents (e.g. Muir and B1aut 439 ; Gildea ”°; Bartz~~m ). Research is needed to test how far this applies to
adults and to exa mine the validity of these methods to aircre w briefings.

/
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The relevance of mental image ry to pre-fl ight briefing was recognised by Dornhach 29m who wrote: “the bette r the
mental mmi ap is established through pre-flight study, the easier is pilotage navigation during an actual mission ”. l) ornh ach
believed that by analysing time nuental image requirements of the user , sound fundamental  principles for map design would
emumerge. The cartograph ic product mumust be compatible with the user’s mental  i m agery. in relation to imagery therefore
the map has two separate roles. In one case it can be used to generate imagery and provide a basis for it. In the other it
may be used to supp lement or amnp hify an existing image. Although both processes may be well developed in skilled users
there is no practical guidance on how maps and images are best matched . Alt i moug im it would be hypothesised that time
numost efficient maps wou luh acknowledge the limitations of mental imagery and encommrage its optin m um nu use , individual
differences mmiay be so large that such a proposition is not practical. Certainly untrained mental maps can be quite
primitive. One of the functions of navigation training is to develop and standard ise the mental maps of aircrew . Topo-
graphical maps are the mm m ain training aid in ensuring this un ifornm ity.  I f despite thuese efforts , m ental images of aircrew
are found to he disparate then the effectiveness of any nnap design based on princi p~es of I mum m ian imagery will be very
dependent on the cimaracteristics of the individm u al , perhaps sufficiently so for cartographic specifications based on know-
ledge of imagery to he fruitless.

h owever , it is probable that  the mental inmages of experienced aircrew are quite similar and the general principles
comild he derived on imow maps simould im m atc h m them . If nmaps are used as a num eans of generating and understanding images
then nmm aps similar in content , and preferably the same maps, should be used before , during and after flight to ma in ta in
time match between images and nuaps as well as possible , It would be expected timat as a general principle maps wimich S

were nmatciued to mental images wou mld he easier to memorise and t luat  they would tend to be more pictorial than other
m aps . part i cm ila r ly  in relation to terrain depiction , use of cok’ur amid ch oice of symbology. Fumrt imermore , it would be
expected that time content of smmchm maps would he weh !-nn atche d to mental images of aircrew who are familiar with time
are a , probably emp h asising features of navigational  and operational significance and dc-emphasising features of lit t le or
no relevance.

The ability to commit  the information to memory and to recall time information in flight is vital to the success of a
briefing. Adoption of standard operating proceel um res reduces the amount of information that must be memorised prior
o each fl ighut.  Menumo ry aids such asjott ings on knee-pads . annotat iomms on maps , and standard muavigational fornms can

provide mmsefmm i cu mes in time recall of briefing informat ion ,  Training should ensmmre that these facilities are used in the
opt inmma l  n nanmm er.  Factors suchm as time organisation of the briefin g and the mise of visual and verbal enmphas i s are likely to be
important .  The availability of reconnaissance imagery , three-dimensional models of target areas and radar predictions ,
and tIme opp or tuni ty  for simm i lated sorties in similar terrain or on simulate d radar are additional factors that are likely to
improve ant icipat ion and recogim ition performance in flight.

Maps mm genmeral may he easier to immterpret and menmorise t luan mumost ot lmer forms of inmagery because each elenment h a s
a clearly designated meaning. On the other hand , practical l imitat ions on time size of nmmap legends and on coding categories
reduce the accuracy of representation of features to broad opographuical classifications, These limitations may be accept-
able wh en time classifications are based on operationally relevant criteria. Wh en they are not , they may interfere with
nuiemori sation and visuah isation of important characteristics. Place names may Imave l i t t le operational significance for most
pmmrpose s, hunt in certain circumstamuces major place names may facilitate memoris ation and recall of route planning infor-
mation b y providing a unique . mneaningfu l spatial structure based on verbal rather than visual cues. This may be affected
h~ the abi l i ty  to verhalise time place name , a task that  is not always easily accomplished for towns in foreign countries.
There is som e evidence to suggest tha t  verbally codeul information may be easier to recall than visually coded in formation.
If this is ( hue case , briefing techniques and cartograp imic representation thuat facili tate verbal coding of visual-spatial map
inform mi ation mum ay he beneficial to subsequent recall dmm ri ng f l ight.  l)irecting at tention to featm mres such as a T-shaped wood
ur a V-simape ei river bend are typical examples. Verba lisation of topograp lmica l features and the use of descriptive cues are
nmuemumo ry aid te c i uuu i qu u e s  t im a t  could he mused by hotim briefing officers and b y time aircrew receiving the briefings . Active
inv olvenuent in preparing tIme nuaps , pr epa i ing the briefing, and in copying informmmation received during a briefing is likely
to faci l i ta te  smihseqm m ent recall. In this respect autonma lion of these functions may be disadvantageo u s.

It tends to he assumumed that the map inifo rn mu ati on appropriate for briefing is t lm at which will he appropriate for the
lumission , While this  may he so it requires proving. Cases may well arise in briefings were there is a need to draw at tent ion
to nmisheading features or ambig umous features on a large scale map anud it is possible to conceive that  time operation mumight
he more e l f i c i e n t ly  conmducted if these were absent  fronm the operational map in certain cases. Sinui l ar ly  as a mean s of
locatinug anmi id en t i fy ing  ch eckpoints  iii hi riefings it m mm ay he lme lpfu l to be able to use local place nanmes wlmich serve no
useful purpose once time targe t has been identified and would cause c lum tter on the muma t i  during the mission. The whole
qu u esti o mm of whether the same map should he used at every stage of a mission from briefing, p l ammning.  conduct , debriefing
and other subsequent functions has never been systematically examined. Questions on what  in fornmation the man needs
to fu l f i l  a missiomm hove tended to produce ammswers whic h give tIme nu u in im u mu rn  inm form u matio n necessary during flig lmt . to find
a t arget , to clueck a waypoin i t . to navigate along the route and so on . but  ( luc y do not usually re fer to time ’ opt i mu u m m mmm
a nmmo um nt  of infor m ation necessary for positive detailed briefing.

A further aspect is that  the relationship between time maps and collateral m aterial in briefing may be quite different
from the relationship hmctween maps and the collateral material available during flight, For example , at briefing various
photographs taken at very different  heig luts fro m timat at wt mich flue mission will be flown mmmay he available, There may
thus be a case for relating ir.te lligence information during briefing to a cartographic product which is different in scale and
content fro m that used in flight. Once this has been u sed , it may then be necessary to consider the sensor i imfo rn mation
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whic h will be available during the mnissi on suclm as radar , i nfra red line-scan or sideways looking radar and to select a mapconmpatib le with these . As wi th many of these questions there are proba bly no general answers valid for all circumstanceshut considerable imnpro vemuuents mmm ay he obtained by exploring how flexible the approach needs to be and making reconi-mendations on briefing practi ces accordingly.

At a nmore practical level , the efficacy of a map during briefing will depend on how suitable the map is for annota- Stion , and whether time fornmu of the brief ing lends itself to such anumota t ion . Reverse format , black maps , for instance , leadto annotation legibility problems wi th  conventional map marking pens intended for white or light background maps.Locations given in grid or hat /hong co’ordinates may produce çroblems with maps that have onl y one co-ordinate system .Printing maps with both co-ordinate systenms or providing aircrew with a calculator device to convert rapidly between theco-ordinate system are possible solutions. Finall y,  when maps are used by briefing officers in front of large audiences ,legibility problems are likely to occur if the maps are viewed at greater than the designed viewing distance. Few topo-graphical mmm ops are de~i gned to be legible at long viewing distances. This problem can be overcome by using transparenciesof maps projected at large r than the original map scale.

6c ROUTE PL ANNING TASKS

Although t he success of most missions is crucially dependent on careful planning beforehand , very little research has Sever been done on the functio of maps for route planning or on the design of maps to facilitate route planning. This isdespite the fact that firm evidence has existed for many years on the value of carefu l preplanning and check point selec-ti on t~ improve in-flight navigation , particu larly at low level (Anderso n’~ ). The serious neglect of this research topic isnot easy to explain because it is-often simpler to conduct experiments about route planning than about in-flight naviga-tion.

A very large variety of route planning tasks are conducted in aviation which may be broadly classified under severalheadings . There is a major distinction to be drawn between planning for civil commercial flights in controlled airspacealong designated routes and airways , and route planning um nder relat ively unrestricted conditions where the pilot hasconsiderable freedom in deciding how he should reach his destination. A further fundamental distinction is whether theaircra ft is a single seater or has more than one crew member. This determines the extent to which route planning ormodification to the original route can be carried out in flight , and the exte nt to which pre-fligftt planning tasks can bedelegated to other cre w members , On low level strike missiofls for instance , nu~vigators may be give .u the responsibilityfor planning the en route legs , whilst the pilot plans the final initial point (IP ) to target run.

A further distinction is that between missions where one or more than one aircra ft is involved . With a single air-craft the criteria adopted in route planning may be near optimum for the particular aircraft and conditions. When a Sformation of aircra ft are involved , for instance , or a two aircraft line-search reconnaissance sortie , the flight planningneeds to take account of flying techniques such as cross-over turns , and to ensure a good distribution of the search task.On a strike mission the planning nmay need to ensure the optimum positions for the aircraft during the attack run on thetarget , Furthermore when the route is planned by one individual , usually the flight commander or formation leader ,copies of the route may have to be made for other crews in the formation, Other considerat ions relevant to flightplanning include the need to plan for secondary objectives , the return leg , and procedures b r  dealing with emergencies,loss of contact and geographic disorientation. The content of flight planning will vary with the differing flight profiles , -and objectives of different aircra ft roles , with the time available from mission tasking to take-off , with the relevance ofStandard Operating Procedures , with time altitude flown and with the operational conditions , such as peacetime , wartime ,training, competition , exercise,

Thus many factors determ ine the exact purpose and content of planning, how much can be precisely determined inadvance and how much must be left to tactical decisions at the time. Nevertheless , every mission requires some planningin advance . Normally thmis p lanning involves maps. With the exception of only a few aircra ft roles , such as air defence .maps always form the basis of flight planning. Where the mission involves cross-country navigatio n , maps provide muchof the data needed to plan such missions, and they are the most suitable medium for recording, storing and displayingroute plan information for pre-flight , in-flight , and post flight purposes. A paper map showing the flight plan is invariablycarried cn aircra ft during cross-country navigation although the extent to which it is used in fli ght depends on t ime equip-ment fitted to the aircraft. Even when the most advanced navigation aids are available a paper map will still be necessaryin the event of equipment failure during flight or if the aircraft becomes progressively less serviceable during a wartime S
situation.

Barnard et al. m29 distinguished the following tasks involved in flight planning for helicopter operations and alsoinvolved in planning most aircraft missions.
( I )  Assessing the implications of the tactica l situation.
(2) Assessing the implications of the meteorological forecast.
(3) Assessing the terrain from the map.
(4) Choosing the route, including rendezvous (RV) points, initial points (IPs) and Fire Posi tions.(5) Defining flight procedures, including height , speed and formation.(6) Organising fuelling arrangements.

5.
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(7)  Defining emergency procedures and alternative roumtes.
(8) Identifying useful navig atio mm feat umres.
(9) Marking mmp tI m e nuap with relevant information.

The basis for most of the topics listed above is the ability to correlate verbal , wri t ten and diagramatic data , to mden t i fy
factors relevant to the mission , and to develop a full understanding of time current situation and time immup li cat ions of new
data and kmmown constraints.

Borden~~
3. considered low altitude hig lu speed m issions , and distinguished between tasks imuvol ving niaps during tI m e

preparation phase when the appropriate cartographic materials are selected , and during planning when the best en-route
course and best approach to the destination or targe t are dete rnmined. The amithor listed the k inds  of knowledge required
to select the appropriate cartography. They inc lnj ded knowledge of (hue relationships between ( i m a r t  scale size. shuape
generalisation and density of portrayal features , knowledge of vertical and horizontal accura cies of portrayed features .
and knowledge of the intelligence base from wimic h time cimart was com umpiled. For tasks carried out during the p lanning
phase , the following tasks were listed , in t lme ir approximate order of immmporta nce as judged by experienced operators and
research workers.

( I  ) Predicting the appearance of features viewed from time planned route.
(2 )  Determining terrain shape.
(3) Predicting the visibility of terrain features .
(4) Recognising harriers , funnels , general orienting features , and features timat  can aid in re-orientation if off-course.
(5) Recognising patterns of feature s that will aid identification of check-points.
(6) Selecting feat ures that will break from masking at sufficient distance ahead to allow positive identification
(7) Predicting the detectability of terrain features ,
(8) Determining the intervals for selecting check-points.
(9) Infering unport rayed feature s, such as vegetation cover , presence of a bridge , railway junc t ion  etc .

( 10) Selectively attending to one class of infornmation.

The first task in flig imt planning or man preparation is to i&ntify time mnaps available for the area and to wi thdraw
them fro m store . Maintaining adequate stocks is ecsential to fligh t planning. In low level strike missions for instance
1:500 ,000 scale maps are normally used for route plannin g ammd 1:50 ,000 maps are used to plan attacks on targets. The
1:500 ,000 scale maps are often covered with transparent plastic for repeated use , hu t  1:50 ,000 target planning nuaps are
usually discarded after use. in how level helicopter operations . 1:250 ,000 scale maps are more commonly used for
planning the en route transit pimase , Once the relevant maps have been obtained they may need to be cut and joined to
provide continuous coverage of the rouite during fli ghmt , and tIme frequency with wh ich this has to be done will depend on S

the mission length , the scale of the map series and the size of individual map sheets. In the worse case, four map sh eets
mm iay need to he joine d togeth er to cover an area in the corner of one of the sheets. Map borders, including legends are
usually removed to reduce ti me hulk of the map.

After the process of selecting. cutting and joining maps , which may take several minutes , the map mumay be marked
with perm anent aeronautical information not included on the map, copied fro m some other map scale (e.g. 1:500 ,000
Low Flying Chart ) ,  from a master chart maintained and updated by the flight planning officer , or obtained fronm the
briefing, from NOTAMS (Notices to Airmen) . or from information posted in the cre w roonmm re l atimmg to the local area .
These additions may include the following information.

( I )  Restricted and dange r areas .
(2 t  Local low flying area boundary .
(3) Low flying routes.
(4) Sensitive areas (e.g. mink farms: bird sanctunaries ).
(5) Special roumtes.
(6) Control zones and special rules areas,
(7) Radar let down lanes.
(8) Glider and paracimuting sites .
(9) Airfields.

Certain annotations may be made to facilitate map reading. Obstructions and power lines mumay be imi gh l ighmted for
flight safety reasons. Grid lettering may be highlight ed by adding a hrig lmt conspicuous colour (e.g. yellow ). Town
shapes mumay he coloured-in with a (lark ink. Relief representation may be improved by adding soome hypsonuetric
colouring if not already present , and by drawing in ridge and valley lines.

In a typ ical low level st r ike sort ie , the mission planning is divided Into athack planning and rouute pI annin g ( Bruce~~ ).

Normally, the fli ght leader will plan the detailed attack on the target using a 1:50, 000 scale map m arked with the target
and k nown defences. In choosing the direction of attack and the initial point (IP) several factors will be taken into
account.

(a) Target photographs , when available.
(b) (,eographica l features providing concealment and ease of recognition.
(c) Disposition ot’ ene my defences.
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(d) General arrival direction.
(e) Direction of the sun.
( f) Type of weapon to be used. This affects the attacking height and length of run.

The opt immmum attack plan is chosen by weighting these target factors , relyi ng entirely on the skill and experience of the
pilot.

The target and lPs are then identified on the small scale route map (usuall y 1:500 ,000) and the pilot (or navig ator )
then plans the route fro m take-off to the target and back to base. The choice of route may be constrained by a variety of
fac tors including the terrain , known defences , friendly corridors or prohibited areas. In general the safest and most
economical route to the IP is chosen to incorporate check-points and turning points at easil y recognised , prominent
features. Legs, turning circles , and timing marks are drawn using customised rulers . Assuming a constant ground speed ,
times may be speci fied at various points along the route , such as time over targe t , t ime over friendly corridors , time over
forw ard edge battle area ( F E B A ) .  A “time gate ” measu red precisely in seconds may be set up at a particular point along
the route . Typically. 10 legs may need to be drawn on the map and time for each leg is determined by measuring the leg
distance for constant ground speed. Safety altitudes may be recorded for each leg and estimations of fuel state may also
he marked at intervals along the route. Again the pilot ’s skill and experience must be relied on to weigh all the relevant
factors that determi ne the opti mum rou te. McGrath339 gives a detailed summary of the problems of chart interpretation
in low altitude flight that is intended to be a training aid for aircrew.

In other aircraft roles , involving long range flying, such as stategic bombing and transport m issions, flight du rations S

may be much longer and as many as 30 fli gh t legs might be involved, Route planning for these missions may take up to
an hour to complete. In such roles, instrument navigation and dead reckoning techni ques are likely to be preferred to
map reading wherever possible. In helicopter operations , such as casualty evacuation , the timin g of the mission may not
be as critical as for strike operations , and planning for transi t phases may not be as detailed as that described above.
Barnard et al. ’29 sum marised the different planning procedures involved in helicopter transit flying, above and below
700 ft altitude. At low levels , the emphasis in planning is on visualising and memorising the route and key features , on

S 
checking for obstructions , on terra in masking, on using cover , and on highl ighting significant detail. At higher altitudes ,
‘uring transit flying, the general approach to flight planning is to select a heading directly to the destination or to some
prominent local feature , a nd to add distance markers , e.g. 10 miles to go , ½ mi le to go , ‘/4 mile to go , etc , and , only
occasionall y expected times at these marks.

Once the route has been chosen and the map marked-up with tracks , turns , ti ming marks , fuel estimates etc , excess
map may be cut away and the remaining strip folded to facilitate handling in flight.

it can be argued that for pre-flight planning purposes information may sometimes be required in a form which gives
far more detail than is appropriate for flight. It seems likely that a far greater range of information is needed to plan a
rou te, select suitable waypoints and reject unsuitable tracks than it is to confirm a route during a flight and verify the
waypoi nt that imas been reached, In most roles limitations on time in flight prevent detailed map reading and make clutter
a serious disadva ntage . These constraints need not influence the design and content of maps used for route selection tasks
during pre-flight planning. It is noteworthy that in most attempts to validate maps for their purposes the emphasis Imas
been ~n whether the particular map enables the mission to be successfully accomplished rathe r tha n on whether it has
enabled it to be optimally planned . Very often planning tasks have not featured as they should have done in influencing
the specificatio n or eval uation of the map .

Osterhoff and McG rath’33 concluded fro m their studies of pilot performance using different charts that the relative
effectiveness of maps was specific to the terrain over which the crew had to fly. Characteristics of the terrain determine
how routes and missions should be planned as well as the accuracy with which they are flown. Very little consideration
has been given in the design of maps to the different procedures for route selection in different kinds of terrain. This is
primarily a matter of choosing the optimum map information content although the effectiveness of planning is determined
by th e methods of presen tat ion also.

6d TASKS DUR ING FLIG HT

As in briefing and pre-flight pla nning, the nature of tasks using maps during flight is influened by many factors
which makes it dif ficu lt to de r ive a single coherent ta xon omy, and to some exte n t li m its the useful ness of an y taxo nom y
that could be derived. Operational factors , such as those listed in Chapter 4a are clearly relevant ; viz , day or night flight; S

visual fligh t rules (VFR) or instrument flight rules ( IFR ) flight phase; fli ght profile; operational role ; crew constitution ;
type of aircraft and navigation system. The most important factors may be summarised as follows:

( I )  Task s vary according to operational role and aircraft type , whether mil it ~~y,  civil commercial or general
avia tion , and fixed or rotary wing: according to the navigation facilities in the aircraft and on the ground , and
the sophistication of on-board sensors; and according to whether the flight is throug im controlled or un-
controlled airspace , using IFR or VFR procedures.

(2) The tasks which can be done with maps , and their allocation , depe nd on whether the aircraf t is single or mu lti
crew, and , if the latter , on the number of crew and on the envisaged division of their responsibilities , as
reflected in the workspace design and the facilities at each position.
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(3)  Tasks , and thueir pacing and urgency,  depend on tIme adequacy of briefing, on time opportunity for pre-flighu t
planning, on time f lexibm h ity a nd mme cd to adimere to the flight plan , and 0m m the  flight duration. All these factors
influence tIme divisiom u of map-related tasks between pre-fliglmt and inm-fl iglmt phases . They also affect the amount
of mapping wlmic lm nmay be needed in flight and tim e range and flexibi l i ty of mn apping probl enmus wimich may arise.

(4)  F sternal visibi l i ty,  aircra ft Ime i ghu t and speed affect time use of maps in flight , e i t imer  d i rect ly  by l imi t ing  what can
be seen on tIm e gro umnd and by restricti ng the time within whic lm tasks numust be done , or indirectly by inducing
pimysical conditions such as buffeting which l i r m u it what  can be seen on maps or what can be done or calculated
using t lm enuu.

Tasks inmvo lv mng maps are only part of a wide range of activities involved in fl ighmt. Latham and Spencer 424 carried
out an analysis of navigator activities during operational bomber sorties and identified twenty-one tasks , listed below in
order of percentage of total t ime spent at each task by the navigator:

( 1)  Plotting (20%-).
(2)  Logg ing( l9%) .
(3) Resting ( I  3%) .
(4) Checking and pla nning ( I  2%) .
(5) lnter conm (7% ).
(6) Odd jobs (6%) . S

(7) Computer W/F (4%).
(8) Watc lu (4%-).
(9) Computer calculations (3%).

( 1 0) Transition (3%).
( I I )  PPI observation and operation (2%) .
(12)  G EE operation (2 %) .
(13) Eating (2 %).
(14)  A P I ( l % ) .
( 15) Hunting ( 1%) .
(16) ASI , A LT, Temperature reading (I

Map reading, along with d rift sig hmt , VSC, VCP, DRC , ANT , and documents . each accounted for approximately 0,5% of
the total time. The radar operator had a different range of activities , and spent approximately 7’ of his total t ime map
reading . Experienced navigators spent approximately 3% more time map reading than inexperienced navigators . Record s
of head and eye ac tivity of pilots have shown that 27% of the time may be spent map reading during low altitude , fixed
win g operations ( Lewis66 ; Lewis and de la Riviere~~ ). E xpe rienced helicopter pilots have been observed to spend 14.7%
of t he time looking inside the cockpit during low altitude , nap-o f-the-eart h flying, ou t of which 8.5% was spent checking
instrumenuts , 5.7% map reading, and 0.5% in radio operation. Over a less fa m iliar route , ti me spent looking inside the
cockpit i nmcreased to 26.5% , wit h 11% on bot h radio operat ion and map readi ng, and 4.6% on checking instruments
(Lovesey~~’). Thus it is evident that the contribution of map tasks to the total pattern of activities carried out in flight
varies between different airc raft operations , between different airc rew in the same aircraft , and between similar sorties
over (h i fferent terrain.

Many map-related tasks normally carried out during pre-flight planning may also take place during flight , either
because of insufficient pre- flight planning time , revised or new mission taski ng, changed tactical situations , or system
failures and emergencies necessitating modification or abandonment of the flight plan. In-flight planning is less likely
to occur in single-seat aircraft than in multi-place aircraft where it can be done by a navigator witimout interfering with
the control of the aircraft . In helicopters , revisio ns to the fligh’t plan ca n be made by setting the aircraft on the ground.
M ost of t he basic map readi n g ta sks and skills involved in map i n terpretation , checkpoint selection and anticipation. and
re lief visuahisation are common to both pre-flight and in-flight phases. Pre-fligh t planning may be intend ed to reduce the
need for map interpretation during flight , so that in fligh t the map is merely used as a memory aid. Neverth eless , each
ti me the nm ap is scanned , no matter how briefly, t he basic percept u al tasks of de tect ion , discrinu ination. recognition and
identi fi cation must take place before any judgement can be made about time position of the aircra ft in relation to the
fligh t plan.

Geograp hic Orientation

In flight , the primary function of maps and charts is to facilitate the task of navigation , or more fundamentally,
to maintain geographic orientation. Geographic orientation has been discussed in detail earlier in Chapter 3c. Lichte
et al. 56 d escribed geographic orientation in flight as maintaining a sense of direction , a sense of one ’s position in the 

S
geographical environment , and a sense of the pattern of the physical and cultural features of the surrounding world.
McGrath am s described geographic orientation as the task of ascertaining and apprehending the aircraft ’s position in
relation to geographical points , and regarded it as a fundamental requirement of any aircraft mission. McGrath argued
that  geographic orientation is a special form of spatial orientation , different from the spatial orientation that the pilot
obtains from a vertical situation display. Whereas the vertical display relies on the pilot’s learnt perceptual ability to
orient himself to the visual world , in geographic orientation the pilot orients himself to cues outside his direct perceptual
experience, to a space he has never seen except in abst ract form on a map. In goegraphic orientation , McGrath argued ,
the individual extends his immediate visual world to include the world he cannot see, and perhaps will never see, and
becomes oriented to both the immediate and un-sensed visual world in an integrated process.

-
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Navigation S

In contrast to such complex psycholog ical interpretations of the process of geograpimic orientation , the task of
aerial nav igation has been described elsewhere in methodical terms as “a clea r-cut , logical application of simple scientific
principles to the task of directing an airc raft through the unmarked skyways” (Carter 423 ). Strictly speaking, the naviga-
tio n task involves the determination of course , position and corrections in heading. Course is determined by locating the
depa rture point and destination (or start and end of a flight leg ) on a chart and measuring the direction between them.
Position is deternuined by identifying where the aircraft is at a particular tinme , either by positive identificatio n of a
gro und feature or by computing the distance and direction flown from a known position , and by predicting where the
ai rcraft will he at any given time by computing time distance and dirS~’.ion it will have flown from the last known position.
Corrections in heading are determined by finding the corrections necessary to maintai n a desired course or to reach a
destination . Corrections are based on information from four sources:

( I )  Nav igation instruments in the aircraft.
(2) The ground .
(3) Radio observations.
(4) Celestial observations.

Dead Reckoning and Pilotage

The basic method for solving navigation problems is dead reckoning, whereby the aircraft ’s approximate position is
calculated by relating information on the time , distance and heading flown to the last known position, Effects of wind
forc e and wind directio n on the heading and speed of the aircraft can also be estimated. The position estimated from
dead reckoning can be checked by thre e methods:

( I )  Map reading, piotage , or visual reference to the groun d .
( 2 )  Radio and electron ic aids.
(3) Celestial observations.

Whe n flying over land , the most accurate check on dead reckoning is pilotage or map reading, comparing features on the
ground with features ma rked on a map. Whe n two check-points have been definitely identified the navigator can use
time,  speed and distance information to obtain a gound speed and dete rm ine an est im ated t ime of arrival at the next
check-point or desti nation. Alternatively the navigator may determine the speed required in order to arrive at the next
cimeck-point or destinatio n at the planned time. Carter423 considered that the unique and difficult part of piiotage (map
reading ) was identifying the two check-points on the ground and argued that the following five factors were important
to this task:

( I )  Pattern recognition and discrimination: identifying a given terrain feature as being that represented on a map.
(2 )  Pattern recall: remembering a sequence of patterns so t imat their identity can be deduced after they are

t raversed. This is particularly important when an aircraft is lost or when cloud cover interferes with continuous
observation.

(3) Direction orientation: the ability to identify a pattern in relation to the orientation of the map.
(4) Correct perception of conto urs: visualisation , dep th perception and infering spatial relationships fro m

contours.
( 5 )  Time and distance relationships: knowing when to start looking for the next check-po int.

Visual Referenc ing

The detec t ion an d ide nt ification of check-poi n ts , know n ~.t visual referencing, plays a key role in geographic orienta-
tio n at low altitudes. McGrath and Borden 65 argued that the navigation keystone of low altitu de flight is the pilot ’s
abil i ty to establish his pbsition by visually detecting and identifying a geographic feature and referring that feature to its
representation on his map . Only when the pilot has positively identified a visual check-point , does he know precisely and
certainly whe re he is. Visual referencing may take place by comparisons of the map with the ground , or with ground
mapping sensors such as radar and FL IR. Despite the importance of visual refe rencing, little is known about the specific
perceptual cues and cognitive processes whereby time pilot converts check-point cues to an awareness of his position.
McGrath and Borden 65 produced evidence that in low altitude operations visual referenci ng is essential to maintaining Sorientation , that it is t ime do minant cause , of disorientation , that it is the sole means of recognition of disorientation, and
t hat it is the dominant means of reorientation. At low altit udes, the relative dependence on dead reckoning and visual
references (pilotage or map reading) varies with the aircraft type, the effect of wind , and the dif ficulty in controlling S

t he ai rcraft ’s heading. Visual referencing is more common in rotary wing aircraft than in fixed wing aircraft because of
the comparative difficulty of controlling helicopters in flight. One of the pilot ’s main tasks on a low altitude mission in
both fixed and rotary wing aircraft is to decid e upon the correct balance between dead reckoning and visual reference.
h i s  decision will partly he based on the quality and frequency of check-points along the route , as indicated by a topo-
graphical map.

Whilst emphasising the importance of detecting and identifying check-points in low altitude flight , M cGrath and
Borden ’5 refer to several other tasks involv ing maps during visual referencing. These may be listed as follows:

- /~~
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I I ) Se l ectimmg clmeck-point s fronum time mnap on time basis of their ava i l ab i l i ty ,  r e l i a h ih i ty ,  perceptahi l i ty  and
disc nminab i l i ty .

( 2 )  D eter r uu in ing the fre quenmcy of cimeck-poim u ts t imat  is necessa ry to nmai r mtain  or ienutat i on.  
S

( 3 )  l) e termining time numumber of inudividual  feature s needed to make a reliable cimeck-po int.
i4  \ t a i n t a imming  a general or ientatiomm to distant non-specific visual referenuces as well as cimeck -points along the

route.
5) Counting sequences of check-poin t s.

(6) slak ing use of funummel and harrier features and tinue gates.
) 7 )  Main ta i r ming  geo:zrap luic orientat ion durmng fo r m u u a tiomm flying whuen not leading time formation.

Reorientation Procedures

Geographic orientation is normally nn ai n t a i n~d during visual referencing by map-to-ground comparisons, when the
nuap is studied in advance to select , ant ic ipate  and facili tate iden u ti f ication of good check-point features. When a pilot is
g~ographi calhy diso r i entat t d  and unaware of imis position on time nnap . reorientation is no r numal ly achieved by scanning fronm
time ground to time map, Imy ident ifying a good cimeck-point feature on the ground and then finding its location on the map.
In practice , both orientation and reorie~mtati on processes involve visual references identified initially on both the map and
tIme ground . I however , the greater pr oporti on~ of visual references during orientation are identified during map-to-ground S

comparisons , whuereas during reorientation nmmore are identified from ground-to-map comparisons.

The most common procedure for reorientation during low altitude high speed missions is to adhere to the planned
tinum e s , distances and iu ead ings . turning on time and onto the planned heading, unt i l  a reliable visual reference can he
identified. This tends to minimise the error from the Dlanned route , in terms of distance flown , fuel consumption and
nml uue  to reach destination. Alternat ively,  in serious cases of disorientation time pilot may elect to gain imeight and obtain
a wider field of view , al iowinug orientation to nmore distant , prominent features such as rivers and roads. Under opera-
tmona l conditions t imis exposes the aircraft to time enemy and must be avoided if possible , or at least kept to brief altera-
t ions in lmeig imt. On mili tary training sorties or in civil operations the pilot may contact air tra ffi c control for assistance.

B arnm ard et al. ’29 list several reorientation technmiques used by helicopter pihots during h ow alt i tude , nap-of-the-earth
tactical navigation. The most conmmon ly used procedure was to retrace the route to the last known position and start
again. Other techni ques in addition to timose already discussed include the following:

( I )  Flying toward s a prominent , mapped , feature , diverting off track if necessary, and replanning the route fro m
the location of this feature.

(2 ) Defining an “area of possibility ” or “circle of uncertainty ” and searching thoroughly wit lmin this area on the
map for features corresponding to the ground.

(3) Flying in a pre .defined box pattern until  a un ique  feature or group of features is seen.
(4) Ignoring minor features and only looking for major features.
(5) Looking fo r to wn names signs, railway station signs, road signs etc.
(6) Flying unt i l  a line feature is seen that  can he identified on the map.
(7)  Flying to a lin e feature on the map ahead of the aircra ft , and then flying along the line feature until a position

fix is achieved. In certain circumstances time pilot may decid e to turn in a specific direction along the line
feature to find a prominent feature that  Imas been identified on time map.

(8) Landing the helicopter and studying tIme map and surrounding terrain in detail.

l)istance Estimation

Distance estimation is often carried out with the aid of a map, particularly during helicopter reconnaissance sorties.
Many airc re w develop techniques for est imating distances which rely on simple calibrations of the hand. Distances on a
map are frequently estimated with the thumb or finger span , or by counting the I km grid squares on a 1:50 .000 scale
map. Some pilots judge distance on time ground by counting features in the foreground or as they pass beneath the
aircraft , and t lmen refer them to the map. Others may judge the distance of a prominent feature either by its size , its
locatio n on the map, or by how many football pitches for instance would span the distance , and then use this as a stan-
da rd for estinumating distances of other features. Experience is a major factor in determining perfo rmance on tlmese tasks .
With tr aining and practice , sophisticated skills ca n be deve loped , including allowing for factors causing illusory distortions S

of distance such as visibility conditions and unfamiliar terrain.

Moving Map Display Tasks

Moving map displays , and their associated navigation systems introduce a new range of map related tasks that are
not performed in simpler aircraft systems which rely entirely on dead reckoning and visual referencing for navigation.

__ _ _  
_ _
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Roscoe” ide ntified the following major tasks associated with the use of moving map displays in flight: --

( I )  Interp retation of surface mapping radar or other high resolution, real-t ime, image producing sensors.
(2) Updating self-contained navigation systems by reference to visual or radar position fixing.
(3) Initiating and interpreting in-fligh t system self-test routines. 

S

As well as monitoring the aircraft ’s position , map displays provide a read y means for cross-checking positions
obtained by visual reference and for evaluating the outputs of navigation systems such as dopple r , rad ar , and inertial
pla tforms. The map display is used to store a range of navigation data , and to enter co-ordinates and positions for sub-
sequent display. Furthermore by acting as an interface between the pilot and the navigation computer , the map display is
used to commu nicate with t he compu ter , to check its integrity, upd ate its accuracy, and to enter navigation problems.
(McGrath”° ; Taylor 3

~~).

Carel et al. ’9’ conducted a thorough evaluation of operational requirements for moving map displays and
commented that tasks which make use of cartographic information in flight can range from reading out the aircraft’s
positio n to fl y ing computed steering commands presented in a map display. Their comprehensive listing of tasks carried
out with map displays was as follows:-

( 1) Reading out position. S

(2 ) Matching the outside visual world with cartography.
(3) Matching ground mapping sensor data with cartography.
(4) Matching latitud e -- longitude readouts with cartography.
(5) Matching hand-held map stri p card s and flight following card data with map display cartography.
(6) Evaluating stored threat data.
(7) Evaluating real-time sensed threat data.
(8) Following computed guidance paths.
(9) Updating navigation systems.

(10) Updating the flight plan .

The authors state that the most common map display task is reading out position to provid e geographic orientation. In
doing th is , th e pilot makes an implicit comparison between where the map display indicates he is and where he thinks he
sho uld be at a given time during the mission, Previously, this would have been achieved by comparisons of present
position and plan ned position in latitude , longi tude and t ime co-ordi nates. Of the tasks listed , the autho rs point out that
four require matching cartography with some other source of position data , eit her the ground viewed directly, or ground
mapping sensors such as radar or F u R , or other navigation position data such as latitude-longitude readouts, or pre-flight
planning data. These tasks are the second most frequently occurring group of’ pilot tasks involving moving map thsplays.

Target Detection and Iden tifica tion

The detection and identification of targets involves similar tasks to visual referencing during navigation. Map
read ing may facilitate identification of targets viewed directly on the ground or indirectly on ground mapping sensors
such as radar and FL IR , only when their positions are known in advance and may be anticipated in relation to lead-in
features and patterns shown on the map. Unlike visual referencing which relies on highly selective portrayal of pro-
min ent features at smafl map scales (e.g. 1:500 ,000), target detect ion requires the accurate and detailed cartography ‘

available at large map scales (e.g. 1:50 ,000).

Target detection and identification may be viewed as an example of the general problem of visual search with its
numerous forms in aviatio n , particularly in aerial surveillance and vigilance (Morris and Home”’). It can be treated in
terms of mathematical probabi lities. The relationship between range of target , visual angle , aircraft speed and height ,
visibility from the aircraft , target characteristics , length of glimpse or target viewing, and probability of target detection ,
recognition or positive identification , can be expressed at least partly in mathematical terms and statistical probabilities ,
as can the area within which the target must be before it could be detected at all. Linge”’ for instance , has sought to
use this approach to arrive at a cumulative probability of detecting a given target in a given area. The mathemati cal
approach can be particularly profitable in operational analysis or system modelling, bu t it has li m itations where t he
intention is ultimately to make recommendati ons on the preferred coding and content , which tend to be concerned with
broad classes of symbols rather than specific features.

The use of different map scales for en route navigation and target identification introduces map imandling problems
during the transfer between maps . Barnard et al. ’~~ however , noted that the main problem was in adjusting to the
different speed travelled across maps of different scale. The recent metncation change from I inch to I mile map scales
to 1:50 ,000 in UK series has caused similar problems for aircre w with extensive experience with the former scale. Chart
scale is known to influence aiming point location on photographs , with larger scale giving a better perform ance
( Lichte et al. 57 ), and to affect the ability of subjects to mark their own position on a map (Edmonds and Wright~~~). In
most contexts, however , detection of a target depends mainly on the nature of the target and its contrast with the back-
ground (Bernstein”’). S

_______________ -
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Reconnaissance and Surveillance

A fu rther kind of task req u ires some form of surveillance or reconnaissance , involving searching or flying within a
designated region. This may be systematic searc h of an area for a specific target , for a missing aircraft or for troop
movements, or the task may be to survey an area continuously and to build up general intelligence data from reconnais-
sance information. In such missions , maps are needed to plot locations and to record what regions have and have not
been searched , ensuring tha t the search pattern minimises unproductive overlaps of searched regions while revealin g any
regions which have been missed.

In such roles , the emphasis is often on dead reckoning procedures to ensure the systematic coverage of the region.
This may impose a major navigational task if the requirement entails flexibility in navigation , to discover for insta nce how
exte nsively troops are deployed within a region or how much activity there appears to be over a wide area. Maps can
greatly affect the efficiency of the search or the compilation of information , for example by giving forewarning of what
lies in a deep narrow valley which can only be glimpsed as it is flown over , and by indicating approximately what will be
visible fro m a given position and height. The value of the map will depend on the specific purpose of the mission , and
particularl y on whether the map includes sufficient features of operational relevance to be employed as a basis for struc-
t uring the mission and recording its progress.

Communication

Positional information derived from maps and the ground is frequently communicated by radio: in describing the S 

-
deployme n t of ene my or fr iendl y forces d uring reconnaissance , in directi i mg fire, in directing aircraft in forward air
contro l (FAC) operations , or in describing ground features t imat can be used for cover during helicopter anti-tank
operations. Positional information may also be communicated between different aircre w in the same aircraft and
between different aircraft in the same fo rmation.

Most positional fixes are given by grid refe rences. When describing enemy positions during hostilities grid references
are given in “clear” because it is assumed that the enemy knows their own locations . Positions of friendly forces are
described in code. Veiled speech is another form of secure communication whereby features and positions are referred
to ambiguously, implicitly or by inference , in a way that onl y the intended recipient of the communication will under-
stand. Generally, simple and quick reporting procedures are preferred to veiled speech in order to minimise the extra
workload .

Positional information may also be communicated in terms of prominent ground feature s, town names , or other
general verbal descriptions. Of ten grid references may be used to confirm general descriptions and reduce the
possibility of erro r . Clock (i.e. compass) reference may be used when the recipient is in the same aircraft , or in a nearby
position . If the sortie includes prescribed reporting points , these will be referred to in position reports using names ,
letters or nu mbers without reference to the map grid. During FAC operations , latitude/ longitude co-ordinates rather than
grid are used to direct fighter aircraft to positions of initial points (IPs) because the aircraft ’s instruments operate in this
co-ordinate system. During the final stages of an FAC sortie on from the IP to a target , information on target position
can be com municated to the aircraft by the controller in terms of prominent features visible to both , without reference —

to a map.

A study by McGrath et al. 322 on plotting target positions on maps compared with accuracy of pilots in simulate l
low al titude , high speed fligh t with the accuracy of independent plotters listening to descriptions of tar get locatio ns
over R/Ts. The descriptions were transmitted by pilots in visual contact with the targets. Kesults simowed that pilot/
plotter teams were as accu rate as pilots alone.

Grid referencing is subject to erro rs , particularly when positions are estimated without  plotting aids. Gut tman and
Fin ley ’20 showed that aircre w made errors in four figure grid references in I 2’~ of the interpo latiomms nmade in eaclu co-
ordinate. Addit ional  sources of errors can be large , particularly when verbal communicatiomm of co-ordinates is involved
(Raker ’2m ). The advantage gained fronn using genera l descriptions of topograp h ical features is likely to be greatest when
plotting aids are not available or are impossible to use , as in single seat aircraft. Taylor and Flopkin t m m m  described an
experiment which evaluated the relative accuracy of three methods of reporting positions on a nnap : grid references:
general descriptions: descriptions with grid reference. Grid references produced less accuracy and more gross errors timan
topographical descriptions , whereas the descriptions alone lead to more minor errors. The accuracy aclmieved using the
grid was independent of the information density on the nuap, whereas greater density of cartographic information
surrounding the position led to greater accuracy and less t ime with topograp lm,cal descriptions.

6e OTHER TASKS

The com mo n est tasks used in map eval uat ion are those requiring search or target location. It is therefore not
surprising to find research being conducted on the interaction between map characteristics and search efficiency.
Searching efficiency is affected by partitioning by grid lines (Enickse n”7) by techni ques for feedback enhancement
( F.noclm and Townsend”’), and by limited search , time (Richman et al. ”9). Degrading an experimenta l map to simulate
the effects of aerial haze on photographic interpretation leads to predictable decremem uts in performamm ce and emphasises
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the strong influence of peripheral visua l stimuli on visual fixations during search (Townsend et al. ’50 ). Training improves
the ability to extrapolate fro m known spatial relationships on the ground to their form when viewe d from various angles
in the air(Larve et al. ’5m ), and chart variables interact with viewing angle in target identification and recognition tasks
( Lichte m9 ). Smith’s’52 st udy of angular estimation was in fact primarily concerned with headings , hut  Wa I ler and
Wright 350 showed that t raining improved the estimating of angles of drift drawn on maps. Enoch and Fry ’9’ briefly
reviewed factors influencing search performance on complex displays , including maps.

McGrath ’32 used interviews to derive design criteria for aviation maps and concluded that  their main function was
to enable the pilot to use radio navigation aid s and to acquaint him with air traffi c control requir ements on airways. Air
Traffic contro l demands different information on charts for different levels with consequent problems when changing
level , (McClune ’53). Air tra ffic contro l positions commonly include a panel with chart information , traditio nal in design
and content , though evolving from paper to elect ronically generated displays. A further possible applicatio n of maps in
air traffic control is to provide background information on a plan position display based on radar-der ived information.
Most commonly such information is software generated and electronically displayed , but developments such as the rear
port display enable this information to be put on a transparency and projected to appear on the display.

Air defence systems also require background map information , although it is debatable whether they could be
counted as in any sense aviation maps. They have speciahised requirements , which can be fulfilled following the normal
procedures of task analysis and design. Similarly, there are hu man factors problems in the choice and portrayal of map
in formation for batt lefields (Harris’54 ) and for combat surveillance (Devoe and Hoagbin ’55 ). S

Ground based simulation tasks are often used to assess maps, and indeed many of the findings cited in this volume
have been derived from simulatio ,m studies which can explore variables more thoro ughly and systematically than is
possible under flight conditions. McGrath and Borden 31’ used cine fi lm to replicate certain visual aspects of low level
flying and to present difficult navigation tasks in order to study geographic orientation. They concluded that their
analytical method should be generally adopted, McGrath and his colleagues (Streeter et al. ’56) have also conducted
experiments on computer generated electronic map displays for terminal area navigation , and for fligh t simulation.

Maps are used in image interpretation tasks (Laymon 30m), and as an aid to photointerpretation , and as a means of
scoring and rating photointerpreters (Kalk and Enoch’”). The applications to aviation of advances in map design or tech-
nology lead to re-examination of approriate specifications, although there is sometimes some tendency for such develop-
ments to be mad e before the ways in which they could be used are appreciated (Miller and Summerson342).

In aviation , maps have many further uses. Associated with flight , they are used for debriefing, and the design of
maps for briefing should include considerations of de-briefing also , since the same maps would normaLly be used. Maps
are also used to render intelligible films , photographs, radar , side-scan radar , infra-red line scan , and satellite derived
information.

They are also employed in simulation of flight , in simulation of tasks associated with flight , in space flight , in liaison
wi th other services and agencies , and to render intelligible communications between air and air , between air and ground ,
and between air and sea, Obviously, maps are used for training in map use. Finally, maps are used extensively in
designing and producing other maps.

_____ - 
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CHAI9~ER 7

THE COMMUNICATION OF CARTOGRAPHIC INFORMATION

Comparativel y recently in the long history of cartography, mainly since the mid I 960s, there has been a number of
attempts to develop a theory of cartograpimy and to systematise the process of cartographic communication (Board and
Taylo r’58). Robinson and Petchenik 459 noted that in the fields of psychology, philosophy and semantics, the map has
been used as a fundamental  analogy in discussions of communication. Yet in cartography, the ideas first expressed by
W right ’6 under the title “Map ummakers are hLmman ”, were scarcely developed until stimulated by the publications of
Moles”° , Boa rd’61 , lh eath m 47 . Berti n~*a2 and Kolacny ”3. 

S

Time development of mimodels of the process of cartographic communication as a means of identifying components
and relationships between operations has been a major concern of timeoretical cartography. The concept of the model
has become as fashionable in geography as it has in many other disciplines. Chorley and Uaggett”4 in their definitive
work on the subject , classified the functions of models as psychological , normative , organisational , explanatory , and
constructional , and Harvey ”5 illustrated the complexity and limitations of models , and some sources of confusion in
employing them. Board ” discussed time analogy of maps as models and proposed that if maps are treated as iconic or
representational models both the making and testing of such models can be studied, lie employed a model of a
generalised communication system drawn fro m the communication scienc literature including the concepts of message
signal , source , encoder , transmitter , noise , receiver , decoder and destination. The world and the cartographer constitute
the sourc e, the map is the coded “message ”, the signal is made of the “light waves” which make the message visible ,
the channel is space , and the receiver , decoder and destination are the eyes and mind of the recipient.

Kolacny ’463 proposed a more specialised model , which incorporated the complex processes of selection and inter-
pretation in both the sou rce (cartographer) and destination (map user) (Fig.4). These processes produce a discrepancy
between the real world and the views of reality held by the cartograpimer and the map user. Reduction of this discre-
pancy is a fundamental  aim of cartography. In 1 969 (Ref.463), Kolacny called upon the International Cartographic S

Association to set up a Commission on Cartographic Communication to deal with problems concerning the uti lisation
of ma -ps. lIe listed the following tasks that should be u ;,dertaken by the Commission: -

( I )  To elucidate time structure of the communication process of cartographic communi cation.
(2 To study the funct ion of cartographic information and its practical importance for society.
(3 ) To define the demands which various social groups make on maps.
(4) To analyse the subjective conditions of nmap users.
(5) To analyse the environmental conditions under which maps are used.
(6) To study methods of work with maps.
(7) To establish criteria for optimal information content of the map.
(8 )  To establish criteria for optimum nm ap symbols.
(9) To look for new types of e fficient products of cartograpimy.

( 10)  To popularise the em p l oymument  of efficient products of cartograp lmy.
( I I )  To work out a proposa l for an international centre collecting cartographic infor m umat io n essential for the publica-

tion of mimaps arid d isse m imu at ing it periodically.

In 1972 , the General Assembly of the International  Cartographic Association created Commission V . Communicat ion
in Cartography, with the following terms of reference:

( I  The elaboration of basi c principles of map language.
( 2 )  The evaluation of both the effectiveness and efficiency of communication by means of nmaps wi t lu reference

to different groups of map users .
(3) The theory of cartographic communication , i.e. time transmission of information by rumeans of maps.

Rataj ski ’66” , the c imairman of Comm ission V , has constructed a further model of “cartographic trans immission ” . sitmmi l ar
to hut  nmore detailed th en Ko lacny ’s, to ill ustrate lmis conception of the research structure of timeoretical cartograpimy.
I3oth Kolacny ’s a nd Ratajsk i ’s models of the transmission of cartographic information have been generally accepted as
the basis for future work in this field (Sal ichtchev ”5”‘9: Woodward”° : Robinson and i’etchenik’59 ). A few autimors
have departed fro m these init ial  infornmation transmission fornmul ations. Mue lmr cke”m chose to cimaracterise the 
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cartographic process as a series of transformations between the real world , raw data , map and map image . h ere , the
cartographer ’s task is to dt. v ise better and better approximations to a transformation where the output  is equal to the
input .  Mornson”3,’7’ used the terminology of set theory to draw attention to the process of induction whereb y
information is obtained fro m empty space on the map, from relationships between symbols , without the cartographer
necessarily bei ng aware of this informat ion. Both Morrison ”3”4 and Robinson and Petchenik’59 utilise rectangula r
Venn diagrams as an alternative to modelling the linea r flow of informatior ’ transmission.

Information theory has been used to measure the information content of maps (e.g. Sukhov 475 ; Srnka 476 ;
Batasubramanyan 254 ). These studies fail to quantify the information that may be inferred from a blank space , and give
no account to positional data. Robinson and Petchenik459 conclude that as the information on a map is not a coded

S sequential message consisting of signals , measurements of information content and information transmitted cannot be
effectively obtained with the techniques of information theory . On the other hand , Taylor” has demonstrated that in
comparativ e evaluations of maps , information theory analyses of information transmission can be as effective as, and

L perhaps more effective than , conventional measures of map reading performance. It was suggested by Moh in eux 41
~that at tempts to define the nature  and purpose of a map had laid bare the theoretical void at the heart of cartography;

this in tu rn  had led to the ques t fora theory, which had of ten taken the form of considering information theo ry , as
Molineux does. Cartography has recently adogted some aspects of information theory with a comparably uncritical
acclaim to that  afforded to the theory b y psychology some years ago. Usefu l it can be; but as a univeral medium for
dealing with  the communication of cartographic data it has some major and elementary defects , not the least of which is
the implica tion that a blank space on a map conveys no information,

The structure of the present chapter has been formulated in accordance with the information flow modelling of
cartographic communication. From a discussion of the cartographer ’s intentions , it is proposed to cover cartographi c
language , the map, map reading and the user’s interpretations in that order.

7a THE CARTOGRAPHER’S INTENTIONS

There are many published papers on what cartographers’ intentions are or should be , and on the nature and
efficiency of cartographic communication. These papers generally discuss problems and advance solutions , rather than
reach definite conclusions , and they can be interpreted not merely as a questioning of the role and purposes of aviation
maps , topographic maps, or maps in general , but as an aspect of the broader quest among geographers for an adequat e
understanding of the nature of geographical kmuowledge and of the processes of acquiring and using it. Harvey ’s”5 discus-
sion of the nature of explanation in geography implies that maps have enjoyed an esteem as models of spatial structure
and as the geographer’s main data-storage system which has been exaggerated and not always warranted , lie quotes
Bunge ’s”8 suggestion that , if geographic information can be furnished at various levels of generalisation , maps would
he at an intermediate level , between raw data in various forms and highly genera l mathematical statements. Nevertheless.
geographers work on the premise that it is valid to dra w some conclusions about the real world by drawing conclusions
fro m a map of it , and that  topograp hical maps are particularly appropriate for drawing such conclusions.

While cartographers strive to produce better maps , their criteria for success may be circumscribed by limitations
in their approach and intentions , and in their knowledge of user ’s difficulties. As Wood222 pointed out , the breakdown
in communication m um ay be because the user misuses , misunderstands , or mistakes the reliability of map information on
the m~’p, but solutions which require changes in the user, for examp le by instruction and train ing. may he less practical ,
though more desirable to the cartographer , than changes made by the cartographer to acknowledge and circumvent known
hir uuitat j on s of communication in the user . Some of these problems of failure to communicate with the user arc probably
more recalcitr ant with statistical maps (ienks479 ) or thematic maps (Gerlach~ °) tha n with topographical maps
(Birch” ). Generally, the cartographer’s intention to produce a clear map which looks both attractive and accurate leads
to a n intrinsic failure of communication wluen the map is based on inform ation which is less clear amd less accurate
(Wrig ht tm6 ). But it may be inipractical to expect map users to remember that the map cannot tell the whole t ruth  and

S that what is on the ground rather than what is on the map is significant , ( Boggs”2 ).

Time cartographer ’s intentions are also a function of his willingness to adapt to technical innovations and knowledge
of the user ’s requ i rem uu ents( h leath ”) . Semantic differential techniques might he effective in clarifying what the carto-
grapher is trying to achieve , particularly if used in conjunction with user’s comme nts on the efficiency of the product
(Hart z”3 ). Morrison 473 uses the terminology of set theory as an aid to specify the rules for developing sets of map
symbols, but  Keates”4 emphasised that the user must also know the basic rules about the graphic image which the
cartographer is foll-~wing. This implies that the m um ap image itself must make these rules more self-evident to the user.
Rules derived fro m research elsewhere may not be applicable to maps , and cartographic views of what  constitutes
legibility may not generah ise (Hart z99). Principles of semiot ics may be applicabl e to maps , but the choice of theories
for stud yi ng the effectiveness of cartographic communications seems to reflect the cart ographer ’s intentions more than
the needs of the user. l)espite the freq uent references in the literature to the need fot time cartograp her ’s intentions to
he related more closely to the needs of t he user , in practice tlmey seldom are , and even in relatively speciahi sed areas such
as aviation maps, cartographers have at best very vague ideas of how their products are actually used.

Sometimes the cartographer’s intentions are stated in expl anatory ’marginal notes or in the specifIcation. B” the
latter is rarely read by the user and is wri t ten for the cartographer ’s be nefit rat h er thuan the customer. Where t ’ ie



74

immte m mtions  are stated , practical diff icul t ies  in implementing thenm have not aRsays been resolved. One ex anmpl e is time
intent ion,  frequently stated in descriptions of topographic aeronautical charts , to port ray relief in a way w iuicl u  meets the
needs of many users to see at once the general nature  of the terrain yet still derive more accurate ammd precise informat ion
oim absolute and relative heights. Frequently,  in relief portrayal there remains a dist inction between what  is needed and
what Imas hitherto proved to be possible .

The literature on aviation nmaps also illustrates time cartograpimer ’s intent ion to nmeet wi ma i he interprets  to he time needs
of the user and his lack of complete success in doing so. New designs which it is argued will he more etr ect ive in meet ing
users ’ needs appear from im t ime to time (Freer and Irwin ”5 : Mih (er m 23 : Sicking 486 : Randall”’ : Bennett et al. 114 )
Rules and standards to be followed in cartographic practice are compiled (Anon ”’; Anon ”9; Adams”° ). Design
proposals are formulated (Meine ’91) and the cartograp her ’s in tent ions  made explicit by interview techniques (McGrath’32 ).
However , some problems remain unresolved.

The cartograpimer seeks to select time most appropriate informatio n and portra y it effectively. In aviation , this
entails a knowledge of tasks and environments which he rarely possesses. He also abhors emmmpty space on a map, and there-
fore moderates his selection criteria according to the quan t i ty  of information which could be portrayed . A small scale
map of a city may show a tiny proportion of the information which might be relevant to aviation , whereas a map of a
desert region at the same scale might show everything there is to show , including transient insignificant features invisible
fro m the a u .  Thus the cartographer does not succeed generally in conveying to the aviator how much he can expect to
see , and particularly in indicating whether navigation by dead reckoning would be more appropriate than navigation by
visual reference , because of the lack of visible landmarks. Detailed studies of the selection criteria used on topographic
maps has been carried out by McGrath and Borden 12m and McGrath and Osterhoff32 5 .

The map may convey very little information to the user on how far the cartographer’s in tentions have been success-
fully realised. A vital feat ure for navigation may not appear on the map either because its importance was not recognised ,
or because there was no means of representing it within the convention s being employed , because although a featu re has
rarity value in one region , it is so common as to be valueless in other regions (e .g. minor road s, very low mounds , isolated
t rees, ditches), and therefore the whole class of features is omitted . Alternatively, a particular feature may be so common
in a region that individual examples serve no useful purpose for navigation, and a more general coding is needed to show
for examp le very numerous small villages , complete woodland coverage , extensive swamps, dunes etc. It is therefore
necessary to find a means of reconciling the needs of the aviator for uniformity of selection with the need to modify that
uniformity when its consequence is the proliferation of one particular symbol or feature to the point of unintell igibility
and total lack of utility for navigation.

7b CARTOGRAPHY AS A LANGUAGE

Although cartography has sometimes been treated as a language , the introduction of new ideas into linguistics .
particularly those of Chomsky 492 , has led to considerable controversy on what a language is. If a map can be treated as
a syst em of signs, isomorphic with the real world which they represent , the n it may be legitimate to apply the genera l
theory of signs , i.e . semiotics , to maps, and thus to explore the formal and logical aspects of the sign language of maps as
a branch of linguis tics.

Harvey ”5 , Dacey (cited by Harvey ”5) and Ratajski”7 have all considered the map as a formal language , with its
th ree defining characteristics of semantic , syn tactic , and pragmatic relations or dependencies. Semantic aspects of the
map language cover the choice and physical properties of symbols , signs and conventions. They include the rules under-
lying that choice, which may become explicit if a new sign has to be formed , and they concern certain aspects of their S

psychological properties and interrelationsh ips. The logical relationships between the map and the real world and the
rules for formahisi ng the meaning of each sign are also included . Syntactic aspects cover the kind of statements which
maps can make , a nd the internal structure and limitations of such statements , suc h as the general inability in map
langaage to state that something is absent as distinct from inferring it from the absence of a sign. Pragmatic aspects of

lie map as a la nguage deal with the context in which it is used , and particularly with the relationship of its symbology
i the cartographer and to the user.

~rsy ‘,et of signs must have semantic , syntactic and pragmatic characteristics before it can possess an inherent 
- S

lu re ~ loch p ernmits the  user to attr ibute meaning to it (Easterb y”3). However , approaches to display design may
n merpr et ed in terms of principles of perceptual structuring or multivariate information theory models , as well as

- ‘ - - 1 lj r ig u age ( l as te rh y”).

- . ~eiween maps and other concepts have h eemm common: analogies between maps and language have been
i a r -,,’~ ~~~

‘ , between maps and models by Boa rd~~m , between maps and theories by ToLmlmi n ’9’, and between
‘o~ ~‘s i ta r t lc t t ’1 - The propensity of many writters to refer to maps as i l luminating relationships among

- ‘-  - . mr t r y ing  to gra sp, has served to obscure rather than clarify what a r mmap is and how it functions.
~ni’. en.a l metaphor lua s absolved authors fro m thinking very clearl y about the nature of nmap s

‘lana i ,  in ’ . f  how they function as stores of cartographic data ~imi d as the medium for
• ,nt’,rnmalion

I

— - 
~~~~~~~~~
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The notion that cartography may be considered as a language is by no means universall y agreed. To Petchenik ’~~,
maps and language are essentially incompatible , a them e developed more fully by Robinso n and Petchen ik459 . Only if
t he notion of language is used so vaguely as to be nearly synonymous with communication may it be applicable to maps.
Yet to consider cartography as a language is not an unorthodox approach , a nd the very existence of semiotics as a branch
of linguistics suggests that parallels between maps and languages can he drawn. One question which arises is whether
there is any value in doing so. Learning to read involves differentiating between graphic symbols and learning the code S

between the written word and speech sounds (Gibso n’~’), and the process of learning to relate maps to aerial photographs
has some analogies with language (Dale 49’) .

In certain respects learning a map legend with its code between symbology and words has linguistic affinities , but
non-standardised map symbols may be equivalent in some respects to a fo reign language , in so far as they require the
learning of a new code , some items of which may be deduced or interpolated - Dornhach 27 insisted , however , that a map
must not be as difficult to comprehend as a foreign language. Ratajski499 , in his discussion of map language , noted that
k nowimmg a thousand word s of a language would permit communication in it but knowing a thousand signs used on topo-
graphical maps does not lead to a comparable facility in communication , largely because of non-standardisation. He S

proposed a logical symbol classification which lent itself to progressive elaboration and sub categorising, to promote
efficient communication through map language. A comparable approach by Morrison”3 also sought to specify a syn tax
for map symbology, based primarily on corresponding geographical data and representing visually imitative or equivalent
symbols , mi metic rather than arbitrary changes in the parlance of Robinso n and Petchenik 4m9 .

It is salutary to note that many of the current misgivings about the linguistic properties of sets of map symbols, and
many of the problems of cartographic communication , were sta t ed long ago by Blaut ”. He men tion ed tha t maps must
emphasise spatial and neglect temporal data , that some distributions cannot be clearly mapped , that the mapping of
bou ndaries is frequently inadequate , that the map, bei ng a two dimensional abstraction , cannot deal adequately wi th
verticality or stratification , and that the map can suggest causa ’ ,iationships which do not exist. Perhaps his most telling
point is that each of the symbols employed on a map must be defined and explained in word s, however complex the
concept it represents.

Linguistic concepts may not seem directly applicable to the map as a visual product , because they seem inadequate
for dealing with specificity of location , wi th spatial relationships and with regions where the absence of information on
the map is highly meaningful. The direct application of linguistic concepts to a map may also be inadequate for suggesting
the kinds of erro r which will be made when it is used . But language has a clear role in cartography in tha t what appears
on a ny map is ultimately dependent on the language used in surveying, in defining the specification , and during compila-
tion. In this sense, maps differ fu ndame nta lly from photographs and many other forms of visual images because these
have no inhe rent vocabulary (Langer”~; Jvins t00). Yet every symbol on a map can be expressed in terms of verbal
language , and is so expressed in the map legend and in the map specification. While there is no immediate verbal equiva-
lent to state the spatial relationships between map symbols, there is a choice of language for doing so, in terms of
headings and distances , of grid references , or of measures of the map surface itself. Verbal descriptions of spatial relation-
ships between symbols can be used to enable a map position to be located with a degree of accuracy and specificity
comparable to that obtained by using grid references (Tay lor an d Hopki n ’51) .

The distinction drawn by Robinson and Petchenik 459 betwee n mimetic and arbitra ry depiction refers to a continum
or dimension of the degree of visual equivalence between the map symbol and what it represents. Mimetic symbols are to
some extent visually imitative , not entirely dependent on verbal language for their meaning, and partly pictorial. Certain
mimetic qualities may be present where a symbol has no visual equivalent to what it represents. Differences in size .
opaque ness or colour saturation , for insta nce, may have some correspondence with differences in what the symbols
represe nt:  size of type face in the name of a city may be associated with the population size of the city, The use of
mimetic principles is common in cartography, but to be successful the correct cartographic and symbolic dimensions must
he chose n. The number of visual intervals must not be so numerous as to render them indiscriminable , and the require-
ments of visual balance must not be violated.

Mimetic principles may also be a source of particular kinds of error. Errors may occur because the intended S

meanings are not sufficiently self-evident , or are mistakenly associated with other dimensions. Differences in magnitudes
may be assumed to correspond more closely to the mimetic symbology representing them than is intended. Two or
more mimetic dimensions may he combined in a way which violates time mimetic principles of intelligibility. However ,
the use of arbitra ry symbols as an alt ernative to mimetic ones imposes errors of its own type , a nd lead s to such major
proble ms in map learning and interpretation that it can only be contemplated for a limited number of symbols. Usually .
mi metic symbols , though possessing some visual meaning, ha ve to rely on verbal language to define their usage and time
bou ndaries between them. TIme meaning of each symbol can be expressed precisely in word s, and indeed is so defined.
The successfu l use of mimetic symbols req u ires sommm e knowledge of whether the intended meanings will be associated with
the chosen dimensions , whether these refe r to shapes (Koponen et al. 29 ), j o co lour(Van 9cr Weiden and Ormeling50 1), or
to the relation between colour and shapes(Keates 502 ).

Many of the problems of the relationship between language and cartograpimy are centred on the role of the map as
a representation of timings in space. The advent of computer applications to cartography , and of computer-drawn nmaps ,
implies that maps in principle may he specified in a computer language , the h imu u itatio ns being the practi cal ones of the
very large number of instructions requ ired and the large information storage capacity, rather than any matter of principle.

S 
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‘This tum ean s that  all ti m e information which a tmu ap contains can also he contained in tI me alternative fornm of a computer
program. Wimetimer cartograp lmy isa language t imen hecomr 1es enm imes li ed in the al ternat ive debate about w imether computer
p rogra rl umm l ing languages are t rue  languages or not. It may be argued timat  t l mis is treating a rmmap purely as an information
store, hu t  the dis t inct ion h etw eem i it and a computer  store then becomes c u e  primarily of accessib ility , and progressively
nmor e elaborate c ommmputer peripherals and display techmmo l ogy nmay gradualiy b!ur this  d is t im u ct ion too. Some of the ways
in which such traditional distinctions are vanishing can be traced in the applications of computer technology to the graph ic
arts , and to aninmation in particular.

In aviation , the question of the relationship between cartography and language is particularly important .  It is a
comnmo n req imire m ent to convey topographic infornmat ion verbally between remotely located users. Map information
tunic ’ therefore be conmpatibk with verbal language. One possible criterion for judging the efficacy of certain aviation
mumaps is to ascertain time facility wi th  w iui ci m the ir contents can be expressed and conveyed to others verbally, both quickly
and without ambigui ty .  Maps have to facilitate the correct stra t egy and choice of map features in verbal communications.

— What cannot be expressed verbally is no use for such a task. Nor is information which may be visible to all concerned ,
such as field patterns , but  which the map fails to depict. It is necessary to know the entire contents of the map legend ,
and the principles of its compilation , before the user can speculate on what a blank space on the map might contain.
When he does so, he has to express his speculations in his own verbal terms , but these verbalisations nevertheless have to
remain compatible wi th  the visu al map content , and be interpreted in relation to it.

7c THE MAP AS A PRODUCT OF CARTOGRAPHiC LANGUAGE

Since there is no agreement on whether or how far cartography may be considered as a language , there cannot be
agreement oh the ~.xtent to which the map is a product of cartographic language. It is possible however to assess the
influence of cartographic conventions on the visual forms used to convey map information , and on their efficiency. In
particular the limitations on communication which may be traced to this source can be specified .

Cartographic principles encourage an elemental or dissecting approach exemplified for example by Dahlberg ’5°
and by Heath” . Attempts have been made to use a cartographic syntax to derive sets of symbols which reflect the
distinctions and similarities in meaning which they are intended to represent (Morrison”3). Nevertheless differences in
meaning are invariably conveyed by discrete differences in the visual characteristics of the symbols. Even a continuum
may have to be prescribed by a small finite set of mimetic symbols varying according to one or more visual dimensions,
where the limited number in the set entails some approximatio n and inaccuracy and where the boundary between conse-
cutive sy mbols in a set may be arbitra ry in cartographic terms , being dependent on survey data , or on qui t e independent
infor nmatio n. For example , the size of type face for the name of a city will simply denote a band within which the
popul ation falls: it does not depend directly on its geographical importance , its visual appearance , its physical area , or S

other topographical features of practical concern in cartography or in aviation.

Cartographic langua~e condenses an infinite diversity of information into a limited number of defined information
categories , i n order to render the informatkon intelligible and meaningful. Frequently , existing data collection practices
rather than the changing requirements of users define the categories employed. This is partly due to the long response
times involved in meeting a new user requirement. Whi lst some users might appreciate an elaboration of certain categories ,
the data require d may not be readily available and may need to be surveyed . Structural distinctions between bridges,
detailed power line pattern s, and the depiction of individual , prominent trees are examples of features which could be
usefu l for navigation or flight safety purposes but which are not normally portrayed on air maps because of difficulties
in data collection. Other categories migh t need the development of a suitable set of symbols: the positive identification
of a railway station in use might be much helped by an indication of the extensiveness of railway buildings and the
number and length of platforms. Some limited information might even be incorporated within existing symbols.

It was contended by Dornbach’2’ that the cartographer is mainly responsible for adhering to standards and conven-
tions which perpetuate the notion that a map can be usefu l only if its language has been learned and understood . Whereas
the cartographer may reasonably uphold that others outside his profession who would impose imitative symbology upon
him fail to appreciate the subtlety and complexity of cartographic meanings which existing symbology conveys , this
atti tude does imply that some reform may rightfully be expected fromm u the cartographers themselves whenever there is
evidence that the existing symbology fails to convey its meaning correctly or that new or different information which
the map does not provide is needed by the user. To be fair , cartography has been much preoccupied of late with heart
searchings about what maps are for , why t hey take the form they do, how they may be improved and what their nature
as a medium of communication is. So far this introspection has led to much questioning but few answers . The introduc-
tio n of technical display innovations to aviation cartography has stimulated the quest for a logical cartograp imic language .
It has also made the problems more interdisciplina ry so that it is not only cartographers who are questioning the visual
conventions used on maps , hut it is also display scientists , engineers , and ergonomicists who are less willing to accept S

cartographic tradition as the only source of solutions to map design problems.

Traditional cartographic language contains symbols which vary greatly in their pictorial or mimetic qualities. Whi le
this in itself may he desirable and advantageous, the logic seems poor for deciding how pictorial the set of symbols for a
give n information category need be. Airports may have airc raft symbols or runways but railways never show trains.
Distinctive vertical features such as power transmission lines enmp loy the pictorial symbol of pylons , but lay them flat.
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Successive height bands may employ a set of hypsomu ietric tint s which bear little pictorial resemblance to the colour of
- 

- 
the ground from the air , whi le the convention of hill shading which has some ostensible pictorial relevance negates this
by portraying shaded regions as if the sun were i n the North West , in the northern hemisphere .

S 
While the method of portrayal of certain information categories on the map may seem to be a product of carto-

graphic language to the extent of being unnecessarily illogical and obscure , the compatibility of different information
sources may pose problems which are more difficult to resolve , partic ularly when the different sources are interdependent.
,.\ topographical aviation map typical ly simows height by means of contours , hypsometric tints , hi ll shading, spot heights
and maximum elevation figures. These , individually or collectively, invariably fail to cc- nvey the shape of the landscape
in any way which permits immediate visual recognition. They remain largely visu ally separate , to he integrated where
necessary by visual search , comparison , interpolation and deduction. After protracted learning and experience , it is

S 
possible to ded uce the visual appearance of the terrain from the map information provided , and to do so quickly. But it
is not possible to do so without effort and error , by an im mediate visual structuring of the data , as it is with many artistic

I.. la ndscape drawings. To achieve this implies more than merely modifying existing cartographic conventions, Radical
revisions in techniques are probably necessary , including the abandonment of some conventions and the introduction of
others , perhaps with repercussions for printing and ink technology and other production processes.

When the decision is taken to portray a cartographic dimension by a set of symbols , two ki nds of question arise .
One concerns the number of symbols which there should be in the set , and the definition of each so that the demarcation
between thenm is clear and no ambiguity can arise about which should be chosen in any given instance. The other
question concerns the visual form each symbol should take so that symbols should on the one hand be sufficiently alike
to show that t hey are related and belong to a single set , and on the other hand be sufficiently different to be visually
discriminable . since the point of differentiating between them is lost if they cannot readily be told apart. Commonly one
coding dimension such as colour may be used to convey meaning and membership of a set ( cognitive coding), and anothe r
such as size or shape differentiate within the set (disjunctive coding). This latter problem lends itself to simpl e experi-
men tation . and although , as Robinson and Petchenik’59 note , much of this has been done on simple forms in psycho-
logical experime nts with no intended direct relevance to cartography, certai n studies have been conducted on aspects of
map symbols (e .g. Ekman and Junge tm80 : Wrigh t ’8’ Flannery tm82 ) though mainly concerned with symbols for statistical or
thematic rather than topographic maps.

A subtler influence of cartographic conventions on the map is the concept of visual balance whereby the information
on the map should he portrayed in a form which reflects its relative importance without assigning any category of
information undue prominence , without obscuring any other category and without causing visual clutter. The appearance
of a map is a product of its balance. The concept of visual balance requires that the relations between the contents
should be evenly perceived by virtue of their visual prominence , and this restricts the range of sizes, cOntrasts , saturations
and brightnesses within which the informat ion must be portrayed. S

Many writers on maps note that a concept which differentiates maps from other information displays or information
storage systems is that of structure (Robinson and Petchenik ’59 ). The concept is however used vaguely, to denote the
correlation between the portrayed features on the map and what they represent , and is not always carefully differentiated
fro m numerous other sources of info rmation which , tho ugh not maps , possess an apparentl y com parable st ruct u re , and
which range fro m satellite photographs to circuit diagrams. Certainly, the communication of pattern and structure in the

S real world is a fundamental  objective of the cartographic language, Detailed knowledge on how this is best achieved is
sadly lacking. Cartog raphy gen erally su ffers fro m a pauci ty of concepts , terms and definitions in relation to its portrayal
of relatio nships , pattern and structure. Information theory analyses of map content have produced a number of

S interesting comparisons between the content of maps at different scales (e.g. Sukhov”5) and between maps and other
graphic displays,  such as writ ten texts , but their value is largely determined by the exte n t to which they measure
struct u ral expectancies .

Cartographic language affects the sources of error or misinterpretation in the portrayed information , and the levels
of accuracy which may he achieved. Even if a point source of information has been accurately surveyed , an d could be
accurately positio ned , the method of portrayal may degrad e the potential accuracy, or lead to some ambiguity. The
exact locations of obstructions and power transmission lines may not he immediately obvious from the symbols shown
on the map because they may need to be distinguished from other symbols by shape coding (e.g. wavy lines) that intro-
duces ambiguity over the precise position of the feature. lmhof ’58 discusses one form of cartographic information where
there is considerable freedom in placement on the m ap, the positioning of place names . He contended that there is a
definable op t imum position for placing each name , and rightly commented that the problem of placing names had not
received the at tention warranted by its importance. However , the i m plicatio n t hat it is generally feasible to place tIm e 

S

name and that there is room for it , te nds to avoid the more fundamental problem that the clutter of names can become
self-defeating and that in certain regions there may not be room for some names. The choice of symbols also determines
errors of interpretation which may he made. Some of these occur when quite disparate and unrelated classes of carto-
graphic infornmation are insufficiently differentiated in visual terms , so that for example a footpath may he mistaken for
a local political boundary. Other errors occur because subdivisions within a category of information re mm m ain too similar
in their method of portrayal or have no logical relationship to time distinction being drawn . Still further errors occur if
too large a range of visual prominences hac been used within the map so that certain symbols for less significant informa-
tion may be difficult  to discern amid more prominently portrayed features.

.-
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A primm u ary function of maps is to indicate the location of the cartographic information symbolised on the map.
(‘artographic language or symbology introduce certain further distortions in positional information because of l imitat ions
on the space available on a map of a given scale. Many linear symbols occupy an area far broader or larger than the
feature they represent. Sonme positional distortion is inevitable for instance , wlmen severa l linear features are adjacent in
a narrow valley or along a coastline. Many valleys contain a river , one or more main roads, a railway and housing within
a smna ll valley widt lu , amid cannot he separately portrayed without exaggerating the width of time val ley. Physical proximity
is incompatible with  accurate mapping of numerous adjacent features.

Only a limited number of distinct symbols can be employed for any information category , and sometimes only one
symbol can be used such as lines for portraying linear features. This often means that for most features only those salient
characteristics whic im determine its classification can influence the way it is portrayed on the map. Roads may be classi-
fied according to the number  of lanes or types of surface , but these classifications may prevent fu rther distinctions being
drawn , say in term ims of road speed . Each symbol functions by classifying together those features on the map which
possess a pre -defined characateristic in common (Keates ’54 ). Different features depicted by the same symbol have their
simi iar ity exaggerated. Similar features depicted by different symbols have their differences exaggerated. The choice of
symumh ology is therefore bound to be in some respects misleading. It may, for instance , differentiate between used and dis-
used railway stations , wiuich are identical as features but merely diffe r in usage , yet use the same symbol for railway
stations in use which have gross differences in their size and appearance. Sonm e confusions are therefore the inevitable S

concomitants of the limitations of cartographic symbology and language. Limited numbers of symbols can only reflect
gross differences and not subtle ones , and the boundaries between symbols may be apparently arbitrary.

I - .mpty space on a map is used b y the cartographer to convey cartographic information. The absence of symbols
nmay be used to indicate t h at certain features are present , but that they are so common as to convey little usefu l informa-
tion for nav igation purposes , as in areas of general forestation , Empty space is used to increase the visual prominence of
important  information.  This occurs in the case of boxed spot heights , where topographical information has been cleared
fro m within the boxes, In the nmore general case , information is omitted in order to reduce clutter and ensure that the
user’s attention is attracted to the important information. Little or no cartographic information may be intended to
indicate to the aviator that  he should concentrate on dead reckoning procedures rather than visual referencing and map
reading because the suitable ground features are not available or because the relief information is not reliable. Empty
space nmay also he an integral part of the symbology, such as in the case of linear features where they pass under bridges
and thro u gh tunnels.

Such constraints become particu larly apparent when the question is asked , what do users of aviation maps need to
know. They may need to know the shape of cities viewed from the air to identify them positively. But such a task may
require parts of cities densely packed with buildings and devoid of greenery and open spaces to be distinguished from
leafy suburbia which may not look like part of a city at all fro m the air. The military pilot may need to know and recog-
nise targets of mil i tary  significance , hut  there is no such cartographic category and no equivalent to this concept in carto-
graphic language.

7d MAP REA I ) ING BY THE USER

In information flow models of cartographic communication , the process of construction of the graph ic image is
followed by the acquisition of information frommi the map by the user , through visual scanning and map reading. The
user ’s interpretation of information obtained from the map and its effect on his perception of reality and his subsequent
behaviour may be considered as later , more advanced stages of cartographic information processing.

Many of the factors pertinent to map reading, discussed in preceding cimapters , determine its success and l imit  the 
Ssubsequent interpretations made by the user These range from the fundamental components of time visual process.

involved in the detection , discrimination , recognition and identificatiom i of information . through the complex roles of
vi sual searc h , a t tent ij n , memory , visual imagery and expectancy, to the genera l influences of individu al differences ,
training, motivation , operational requirements and map tasks, Environmen tal  factors such as workspace , i l lumination ,
and vibration , and time constraints imposed by high workload and the duration of flight , place additional practical h imita-
tions on the user’s ability to gather information from the map. In his model of the process , Kolacny ”3 lists the following
inputs  during map reading in addi t ion to inform imation obta ined directly fro m the maim :

( I )  Needs , interests , aims.
(2) Knowledge , experience.
(3) Abil i t ies  and properties.
(4) Psychological processes.
( 5 )  E xternal conditions.

The sou rces of inputs  ident ified by Ko lacny nmay overlap somewhat but the important point is tha t the model recognises
that other information in addition to that obtained directl y fro m the map, is involved in map reading .

At a fundamental level , map reading can be treated as a decoding process in which visual signals are transformed into S
meaningful cartographic information , according to the principles of cartographic language. The success with which this

.4
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simple transfor m ation fro m visual signal to cartographic mneani mmg is achieved can he tested acro ss sets of symbols by the
analytical procedures of information theory (Taylor ” ). Koponen et al. 29 studied the meanings evoked by different map
symbols and classified them according to their “association value ”. Numerous psychophysical studies of responses to
symbols scaling quanti tat ive statistical dimensions on thematic nmaps adopt a similar approach .

In practice , r umap reading frequently mnvolves mere than the m ere association of meanings to symbols , particularl y
with experienced niap users. Physiological and attentional  factors may tend to restrict the assimilation of information
during immap reading to d iscrete , sequential samm iph ing, in a serial rather than parallel fashion , rather like reading wri t t en
text .  Yet, information can he obtained from peripheral as well as central  vision dur ing search , and features on the map
can he processed as groups or clusters rallier than as individual elements. Furt imermore , by utilising memmiory for short
and long tern i storage , the observer can build up and visualise a complex mental image of whole areas of the map, of
patterns , interrelationships , and depemidencies on time map outside the immediately sensed. The success of this process
goes beyond the abil i ty of the use r to uti lise time mnap legend , and draws on his training and past experience wi th  maps ,
on his knowledge of cartographic language and of the principles used to compile the map content , and on his under-

S s tanding of the practical constraints of the map nmaking process. Clearly, map reading is an active rather than a passive
process , invo lving inputs  from the observer as well as fro m the map, and analysis-by-synthesis rather than simple stimulus-
respomise associations.

Inputs  to the map reading process generated by the experienced observer are likely to facilitate performance , parti-
cularly when inductive reasoning is involved , such as when deciding what is meant by “empty space ” on the map. On the
other hand , observer inputs  nm ay be inappropriate and reduce the efficiency of information transmission , such as when
using a new map, compiled and coded by principles different frorui those used on conventional maps. Such inputs may
cause identification errors and confusions between the meaning of different symbols. Information theory treats this as S
system “noise ” and provides a method for quant i fy ing the anmou r t  of noise in the comnmunica t ion channel , which can be
inco rporated in a general measure of the eff iciency of information transmission. Taylor ” has demonstrated how infor-
mation timeom y analysis of map efficiency, by taking account of system noise , may be more sensitive to differences in map
design than more traditional methods of scoring map reading performance.

The emphasis on individual  symbols and on measurable responses to them in cartography was criticised by
McCleary 503 , who noted that studies had neglected the total process of map reading in favour of its constitutent parts ,
with the result that few quant i ta t ive  measures could he applied to the total map reading process. Robinson and
Petchen ik 4m9 use a similar argument to expre ss doubts about the validity of using theo ry developed for uni-dimensiona l
phenomena. Whilst excepting these limitations , h oard and Taylor 458 argue that  symbol-response analyses of map reading
should be used in conjunction with more realistic map reading tasks to identify possible sources of symbol identification
erro rs that  might otherwise be difficult to detect by more gross measures of performance.

Most studies of map reading give the user specific tasks to do , and assess how well he does them. This is done
primarily by mneasu r ing the speed and accuracy or erro rs of his responses. Christner and Ray ’°3, for instance , used identi-
fying, locating, comparing, counting and verifying tasks. They found that intercorrelations between these tasks could be
explained in terms of three factors: recognition , search , and remembering. Phil lips et al. 261 studied the legibility of
relief maps using thirteen different tasks. Cluster analysis produced three groups of tasks with high intercorrelations;
tasks involving judgme nts of absolute elevation , tasks requiring judgments of relative elevation and tasks requiring
visualisation. Alternativ ely, the observer may be asked to describe how he set about the map reading task , and eye
movement record s may be taken to provide supplementary data on the number , d uration and sequence of fixations
which may be related to map content. The precision with which this can be achieved will depend on the method of eye
movement recording and on the importance of peripheral cues.

It is quite rare to try to measure what people do when given a map without specific instructions on what to employ
it for. Yet many people read maps with an attention approaching compulsion , to the extent that those who conduct
experiments on map reading learn that it may be difficult to keep the subject ’s undivided attention while giving him his
instructions if he has a map before him which is drawing his a t tent ion.  Tim is property of maps , reflecting the attractive- S
ness and attention -getting qualities of some of the display principles which they incorporate , has not received systematic
study. People tend to look at a map for much longer than at other forms of non-dynamic display conveying information.
It would be useful to know what people look at anti what they can recall , in the absence of firm instructions, it would 

S
he expected , in view of the time spent looking at the map, that subjects could recollect a considerable amount of detail
afterwards , hut  whether their recollections would match the cartographer ’s intentions is doubtful.

Commonly , cartographers assume a sophistication in the map reader comparable to their own , but the reader can
seldom appreciate or even notice m any of the nuances of meaning which the cartographer has been at pains to depict. S
Thorough instruction for the map user , plus time employment of cartographic :echniques to make the meaning of maps
as clear , unanm h iguous and ohvious as possible , are necessary if the cartographer’s intentions are ever to be realised, It S
is futile to portray distinctions which are never noticed , are not understood , or have no practical util i ty for the user .
It is too narro w to view the function of maps only in relation to h ighly specific tasks , for which every item of portrayed
information may be classed as relevant or not , when maps are also used more informally and unsystematically, to satisfy
curiosity because they are intr iguing and to accumulate knowledge of maps , map-making and map-makers. The user of
any map has a frame of refe rence which includes other maps , and which he uses to nmake judgments about factors such
as scale anti information density.
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Keates~~
4 suggested that  discus simmg user ’s general requirements will not he enough to guarantee easier map reading .

and that  it is necessary for the user to share with the cartographer time same rules for interpreti ng the graphic image . This
inmp h ies that  the cartographer m mmu st try anti make t h e  structure of the map more explicit for the user, and he more
concerned wit im time process of communicating to hinm ( Moi ineux 477 ). Fhi e mmeeds of the user , when described , are not
customm i ari ly expressed in cartograph ic terms , hut  in ter m s of the tasks to be done and the speed and accuracy required S

S in doing them i m . or in terms of genera l visu al concepts such as clarity, legibil i ty,  and freedom fro m clutter. Miller ’ m noted
the req t mirenment for rap id accurate map reading during flight , and Chichester ” indicated the need to omit everything

S not essential for the tasks. Similar recommendations continue to appear , but  they re fe r to what should be achieved rather
than show imow to acimieve it.

Although discussions of the needs of the user and time study of psychological principles both contr ibute towards
effective cartograph ic comnmunication , they cannot in themselves provide it.  To identify the  needs of the map user does
not guarantee that it ~s feasible to meet the n m.  To demonstrate what is psychologically discriminable does not imply that
an intelligible mn ean ing can he assigned logically to each symbol and subsequently remembered . Studies of users ’ need s
on the one hand , and of symbology on the other , provide a framework with in which solutions might be devised , but do
not themselves constitute a solution . l)efining the stages in the process of cartographic communication encourages
studies on each stage without  checking tha t  the findings are matched or com m upat ible . and also encourages examination of
the stages whicim lend themselves mno st readily to experimentation rather t lman those which pose the most diff icult
communication problems. The tasks of deducing from the user’s requirements what information should he shown , and of
deducing fronm psychophysical studies how it should he portrayed , remain to be done , and above all these tasks have to be
reconciled . There is very often an implicit asstmmption in cartography in general , and in aviation cartography in particular ,
that all things are possible and tha t  there must he a satisfactory solution to every communication problem. Yet it may
not he so.

Studies relating design variables to map user performance (Wheaton et al. 504 ; Olson 5°5 : etc.) tend to discover relation-
ships rather than provide explanations for them. Studies on those who use aeronautical maps (Lancaster 506 ) , on the
relationship between users requiremen ts and standard cartographic products (Bard~~5), on how user requirements should
be identified (Cummin s 328 ), on met h ods for developing design criteria for maps (McGrath and Borden), on how existing
maps might be improved (Anon 507 ), on the impact of au tomation on aviation-map production (Misu lia 372 ) and on manual
or automated navigation (Lewis and Anderson 354 ) - all seem to imply that a stud y of the processes involved is bound to
lead to an operationally acceptable solution. But some problems reading a topographical map at night while wearing
image intensification goggles, or using a topographical map at high speed and low level in conjunction with a side scan
radar display may not have a cartographic solution which will permit acceptable levels of operational performance to
he achieved. Other problems - devising a map specification for numerous operational roles witho umt generating excessive
clutter , or depicting extensive woodland without signitlcantty obscuring relief information over which woodland
symhology is superimposed may not lend themselves to an ideal or optimum solution , but be a matter of effecting a
compro mise which is just acceptable to all or most users but fully satisfactory to none.

Attempts to study more directly what  the user does while reading a map may also be descriptive rather than explana-
tory. Eye movement recording may show , with a variety of degrees of accuracy depending on the technique employed ,
where the user is looking on the map surface but may fail to indicate whether lie is attendi ng to what he sees , whether he
can understand it or whether his interpretation is correct and corresponds with the cartographer ’s intentions. Nor can eye
movement recording indicate how much peripheral vision is being employed , or how far Gestalt principles of visual
structuring anti imposition of meaning are contributing toward s the user ’s understanding of the map as a whole , alt h ough
design decisions greatly mar or facilitate such visual struct tmr ng processes. It is diff icult  however to measure in quant i ta-
tive behavioural terms time immedi acy and success of coherent visual structuring of the map, as distinct from obtaining
subjective reports about it .  It is commonly assumed to be advantageous if the map design encourages immediate visual
structuring in ways which replicate fai thfully what is mapped , particularly in the depiction of terrain . hut  measures to
ascertain how effectively this has been achieved , or whether it is worth achieving, have hitherto proved elusive , and may
remain so. It may be argued that the responshi lity for deficiencies in such struct tmrimi g rests witim the compiler who should
learn more about principles of design and their application (Ba lasubrama nyan 2t4 ). It may also be argued that map users S

need to learn much more about how to read a map since maps are generally ftmnctiona hl y efficient if properly used
(Wood227 ). Studies on single aspects of terrain depiction , such as that of Kempf and Poock508 , therefore have to he
interpreted in the general context of the map reading relief. The emphasis of experimental work on single parameters ,
mainly psychophysical , has tended to carry the false implication that such factors are the main determinants of how a
map is read and how efficienct iy it is used , yet such factors may be less important than subjective cues such as expectancy
( h a r t z 507 ) or than general attr ibutes of the map as a whole such as characteristic perceptual structuring (Robinso n antI
Petchen ik459 ). S

I he concept of map reading can itself he misleading, inmp lying as it does a closer aff ini ty  between a m a p  and a
writ ten text than between a map and a photograph or picture. Just as in the wri t ten  text  current  s t u d i e s  t e n d  to S

emphasise word s, their sequence , their interrelationships and their structuring into phrases and sentences rather than the - 
S

theme of the whole text , so with ,naps the emphasis is on specific symbols , shapes and colours , on their j uxtaposit ioning,
their specific meanings and interactions rather than on the themu m e of the whole map. Therefore in studying map reading . 

S

more at tention needs to be paid to the whole process than to its minut iae .

- _________ -. . — —  -—~~~~~
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7e THE USER’S INTERPRETATION 
S

l ime previous section on mu l ap reading was largely concerned wi th  the acquisition of infornmation from the map and
the  tra ’msfor mmmation of visual s t i m mm uh i  in to  mneaning ful cartographic information.  It was noted that this was an active rathuer  

S

than pas.sive process influenced by factors such as the motivation , interests , expectancies , experience and training of the
observer. To this ex ten t , it can he argued , that  time assi mi mi l atiomm of informat ion from the map is an interpretative process S

in which time nuap is not accepted is given;  rat h mer . the contents are sorted , filtered and selected according to the observer’s S

notions of their relevance to his task. These same psychological factors are more clearly relevant to the complex decision
making that  follows info rmation acquisition from the map, leading to such diverse outcomes as the search for more
information , deductive reasoning, tIme formation of opinions and at t i tudes , inte l lectual  judgments , revisions of geo-
graphical schema and orientation , altered perceptions of reality, and modifications of’ behaviour.

A major methodological d i f f icu l ty  in s tudying this aspect of cartographic communicat ion is tha t  of measurement.
Ihe user ’s interpretations , his geographical schema , and his perceptions of reality are by definition subjective. (‘onse- S

qu en t ly ,  investigations of factors a ffecting map interpretation are constrained by the diff icult ies associated with  the S
reliabil ity and validity of subjective data.

The extensive literature on mental  m aps, cognitive maps , and images of the geographical environment  is not of great
practical help in furthering understanding of how users interpret maps , and indeed was not written for that purpose. S

Tolman ’s85 origina work on cognitive maps , based on maze learning studies , was interpreted in terms of the learning
theories in vogue at the time but now out of fashion, Griffin 88 also emphasised learning theory, and noted that maps S
which can be reconciled most readily wi th  the distortions of existing mental maps wi l l  be preferred as guides to orienta-
t ion.  lie anticipated much later work by noting that topographical mental concepts reflect user ’s interpretations based on
the relative importance of items to him , rather than reflect geographical reality Subsequently the meaning of the notion
of cognitive mapping has been extended in accordance with the grander and more amorphous role assigned to cognition
in psychology (Kaplan 5 m0 ), and although it is still often employed to refer to the acquisition , storage , collation and use
of information about the spatial environment , it may also refer to a broad class of psychological adaptive processes
(I)owns anti Stea 5 t m m ). Where a geographical connection is retained , mental maps may refer to notional references for
places or to knowledge of location ((;ould and White 82 ), Thoug h of interest in their own right , and as an indication of
the widespread ignorance of the geographical whereabouts of features with familiar names, studies of mental maps cover
only a small part of the topic of the user ’s interpretation of maps , by illustrating the sou rce of one kind of misinterpreta-
tion not knowing where to look or looking in the wrong place because of misleading preconceptions.

The map user , in a variety of roles , has to make decisions based on information obtained fro m the map. Maps share
with  other displays the characteristic that one measure of their effectiveness is the quality of decisions based upon the
info rmation they contain ¾ Silver et al. 5t2 : Lan dis et al.553 ). Yet this kind of influence goes beyond those normally
d iscussed when the needs of the map user are considered. More commonly, the user’s interpretations are deduced fronu
studies involving performance measurement on tasks with maps such as navigation and geograp hic orientation
(e.g. Osterhoff et al. 320 ). as reported in Chapter 3c , on route selection tasks (e.g. Morrison 5m4 ), on relief interpre tation 

S
tasks (e.g. Phillips et al. 267 ), and on various map tasks in the field (e.g. Berry and Horowitz 5 m 5 ; Wheaton et al. 504 ; H i l l sm t ~).

When a user looks at a map, his interpretation and subsequent decision making may be expected to be influenced
by severa l factors , It depends on his motivation - why he is looking at the map and what he is looking at it for. It
depends on his existing knowledge and on what may be termed his geographical frame of reference , that is , his prior
knowledge about the region depicted on the map and about adjacent regions , his understanding of cartographic techno-
logy, and his knowledge of assignment of meaning to the cartographic conventions that the map employs. His interp reta-
tion is a function of the map content and coding, the selection of information for portrayal on the map and of the visual
means of portrayal , both in terms of specific cartographic information categories, and in terms of relative visual promi-
nence and visual balance.

The user will interpret what he sees according to the estimated trustworthiness and accuracy of the information on
the map. h i s  interp retation is also affected by other sources of information about the particular region , route or target ,
whmether these further  sources are given in advance in the form of briefing material , instructions , explanations, or ph oto-

¾ graphic or other collateral material , given concurrently in the fori n of exterior terrain views , radar map matching, or
continuously generated collateral material , or given subsequently in the form of debriefing, evaluative analysis , archive
material , or reinterpretation of the map anti its associative material in the light of additional evidence. Finally the user’s
interpretation is affected by individual differences among users in their training, skills , abilities anti understanding of
missions and maps; inexperienced aircrew may know as much as experienced ones , hut be less effective in applying their
knowledge. S

it would be expected that the user’s interpretation of a map varies wi th  famil iar i ty  wit l m the mu uap itself and with the
terra in it  depicts. Presumably it is possible to become so famil iar  with a geographical regiomu that for many aviation
purposes a map of it is no longer needed. Presumably it is also possible to become so fam i mi l iar  with a map that  its usage
is restricted to tasks such as measurement and plotting since it is no longe r necessary to consult it to acquire a general
appreciation of the terrain it depicts. These are presumptions rather than facts because q manti ta t i v e evidence on how
map usage changes with fami l iar i ty  is hacking. While time validity of certain aspects of aircre w t ra in ing  associated wi th
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t h e i r  p rogre ssive fa n m ih iar i t y  with the training region is acknowledged , how this fa miliarity changes time usage and inter-
pr e tatiomm of map s has mmot been studied in a systematic mm m anner.

Most im m ap users have preconceptions or expectancies which influence where t h e y  look on a m imap. what they look for
a nd how they interpret wh at they see. The precise effects of these preconceptions renmain obscure beca u se of a lack of S

data about what people do w hen scanning a map . a nti how their beh aviour is changed by factors such as familiari ty or
changes in required tasks. Preconceptions have several implications . inchudin g a fen t hency for existing nmisinterp retations
of ti me mi map to be reinforced rather than corrected , and a proclivity to omit certain stages of map reading which familiarity
would make red tm ndan t .

The user ’s interpretation may betray his ignorance of cartographic pro duction methods, In particular , he may
interpre t the positioni ng and nature of symbols with a literaln ess and accuracy wh ich they do not possess. The user
seemims reluctant to concede wimen looking at a mn ap that he is using a product which is man-made and therefore fallible.
Although errors on maps are not common , and gross errors may be very rare indeed , nevertheless a few may escape the
mi most rigorous checking. Errors may arise too because of the non-linear relationship between h o w  much is portrayed on
the  map  and w imat is available for portrayal. The user graduall y learns that in some maps featureless landscapes are not
show n am such , and that a bla nk space on a map may not correspond to an absence of features on the ground. But such
learning occurs through experienc e and training, a nd is bound to involve some errors of interpretation during the learning
process. Education and traini ng of users m a y  help to produce correct interpre tations , and on sonme maps it may be fai r
to claim , as Wood227 does , that cartographers , having taken great care and effort , have made a product which is an S

effective communication medium , so that the onus for improved reliability of interpretatio n must now be passed to the
user. Ilowever , in so fa r as the propensity of the user will be to make , sooner or late r , every mistake in interpretation
that  can possibly he mad e, it wou ld not be prudent to rely too much on the user to avoid misinte rpretations. While a
know ledge of the principles of perception and of graphic design can assist map interpretation (Heath ’47) , i t is not in
i tself  a gua rantee against erro rs of interpretation , which depend rather on how successfully the knowledge has been
applied. The problem of the continued reinforcement of an initially wrong interpretation (Lichte et al. 56) may still
remain.

Positioning of symbols , and more commonly coding, is used on maps to indicate the cartographer ’s conceptions of
the relevance of the informatio n to the user ’s ta sk. On aeronautical chart s, greater emphasis tends to be given to features
that are visually prominent on the ground or that constitute hazard s or obstructions. Thus, information on importance
and relevance is not explicitly stated on the map and it is open to interpretation by the user. The d egree to which
inuportance can be conveyed to the user , say by colour coding or assignment to visual levels (Keates ’20 ), has not bee n
examined empirically except in simple studies of figure-ground relationships (e.g. Dent 228 ). 

S

The perception and visual correlation 0” distribution of data on thematic maps has been studied by several authors
(e.g . McCarth y a nd Salisbury 5m7 ). This is a highly in terpretive task , but it is not imm ediately obvious to wha t aspects of
topographical map reading the results of this work are applicable. A study by Olson 5m8 found that the accuracy with
which maps convey visual correlation is partly a function of class interval system and of the measures and experimental
designs employed. Olson used computer generated sets of data of choropleth rather than isopleth mapping to study the
relationship between mathematica l correlation and subjective interpretations of degree of correlation between maps. The S

advent of automated drawing techn iques , with their associated facility to produce numerous graphically complex
symbols (e.g. “windrose ” symbols) for quantitat ive data necessitating interpretation by the user , raises the issue of the
user’s ability to interpret such symbols in relation to other cartographic information on the base map. Rhind et al. 5m9
conducted some preliminary experiments on this theme and commented that the cartographer ’s preoccupation with
accur acy in map production rather tha n in map use has led to vagueness over what constitutes an acceptable level of
accuracy among users in their interpretation of map symbols. The computer generation of sy mbols must take account of
known syste matic distortions introduced by users in interpreting symbols. For example , users do not interpret the magni- 

Stude of circles i n proportion to their area , and it is necessary to use an appa rent size scale to achieve this effect if it is
required (Flannery ’52 ). Many of the illuso ry perceptual effects which occur as part of the users’ interpretation of such
map f~’atu res as isopleths, choropleths , dot symbols, and proportional symbols have been discussed by Clarke2” .

4 I n practice , map interpretation by users of aviation maps often has to he done quickly, and the penalties for mis-
in terpretati on are hi gh. The consequences of these factors for how and when maps are used , for the kinds of interpret a- S
tion which occur as a result of haste or the serious consequences of error , and for map design have not received the
detailed study which their importance warrants. Much emphasis is placed on the need for quick , accurate and error free
map reading and aviation maps may tend to be judged by users by the extent to which they achieve these aims. Neverthe-
less, the need for speed in use is hound to be a sourc e of misinterpretation , and the extent to which errors can be S

prevented by map design is of practical concern . It may be that in certain circumstances speed in map use does more 
Sharm tha n good , such as under conditions of geographic disorientation when the observer is unaware that he has departed S

from his planned lrack.

Maps are often used with collateral material and the user’s interpretation of the map can be much influenced by the S

compatibility of the map with this material. Pattern matching, whether superimposed or side-by-side, is a highly inter- S
pretati ve task , particularly if either or both patterns include a great deal of superfluous and redu ndant information. A S

feature prominent on one pattern is often assumed to be prominent , or at least present , in the other. Errors of interpreta-

-
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5 1
t ion mm m ay occur when ti m e feature is not present or when it has to be depicted in an unfanmi h iar  form to give sufficient
c omm mmona l ity of pat tern to permit the matching task to he done at all , Invariably the map has to he mod i fi ed for
m mmat ch i ng.  par t icular ly when time collateral informat ion  is a sensor disp lay which cannot he mani pulated (‘hanges to map
content nuay be desirable and it may he necessary to revise drastically t luc visual organisati olu of the port rayed cartograp hic

S information to emphasise more strongly the salient features required for m atching, in accordance with time general
pri imc ip le of giving greatest visual empimasis to information that  is most important for each task .

Although it is sel f-evident tha t  relevant abilities , t raining and experience in an ind iv i du al  user mnust facilitate his
ab i l i t y  to interpret a map, it would he rash to make sweeping generah isations to that  e ffect , and to assume that  improve-
mmment s in i lu t erpre t a t ion could be guaranteed by foreknowledge and by the provision , in advance or concurrently, of
‘~u i t ahh e  collateral mater ial .  Welch and McKechni e 4

~ conducted an experiment on side-scan radar imagery, in which
variou s levels of briefing failed to improve success rates or speeds in detecting five categories of operationally significant
targets . commupared wit lu performance with no briefing, but they concluded that new and nmore adequate briefing
tec hum u iq u e s  were probably needed , rat lmer than that  briefing would be pointless. Experiments by Olson505 , using simpler
perc eptual material , demonstra t eul the efficacy of training in the interpretat ion of map symbology, and also brought out
the indirect benefit  of t ra ining,  namely clarifying the nature of the task and thereb y improving performance at it.  h o w
far the use r ’s interpretat ion of aviation maps would be improved , in various roles, simply by more or different training is
not known.  Nor is it clear which aspects of map usage have to be faithfully simulated during training to ensure adequate
transfe r of t r a ining to operational conditions.

71 THE VERBAL TRANSMISSION OF CARTOGRAPHIC IN FORMATION S

In aviation , and in other contexts too , cart ographic information is com municated both visually and verbally. The
original specification of the map is normally expressed verball y,  the meaning of each symbol is expressed in word s in the
key or map legend , and the user often assigns meaning to time symbology by expressing it in verbal rather than visual tern’s.
(‘artographic infornmation stored in memory may be coded visually, verbally or by both methods , depending on the indivi-
du a l ’ s preferred mode of thinking. Whereas the cartographic literature often assumes that the cartographic communica-
tion process has been completed when the map info rnuation has been conveyed to the user , in aviation this is often
follow ed by a further communicatio n process in which the user conveys his interpretation of the cartographic informa-
tion verbally to somumeone else . Time effectiveness of the total communication process may therefore depend greatly on
the fac i l i ty  with which information on the map car ’ be verbalised. This implies that each symbol with a separate meaning
sh ould have a distinct verbal description or label as well as a vi sually discri minable form . It also points to the need for
a generally acceptable vocabulary to describe the spatial relationships , patterns and structures typical of cartograp hic
im ut orma t i on  which can be understood by someone else who may or may not be looking at the map when listening to the
description.

Some information is coded in a verbal for m in maps , such as place names and spot heights , or represented in a form
whuich is readily verhahised , such as the grid system. The positioning of this verbal information on the map in relation to
the topograpimical featuire to which it refers may be quite flex ible , such as the location of the name of a river , or relatively
fixed , such as a boxed spot height.  Alphanumerics  contain classifications of cartographic information by type size , type
face , and colour which are not retained when the word is spoken , so that  the spoken town nam ime , as distinct fro m time
a lphanumerics  on the map, contains no informat ion of population si-he. A spoken river nanme does not in itself convey
that  it refers to a river , unless prefixed by the word river , this being conveyed on the map by a combination of type size ,

S type face , colour type , and positioning of individ u al letters within  the name in association with the depicted meanderings
of time river. Thus , even the alp imanurneric information cannot generally be verba h ised directly without some information
loss.

‘[hue facility wi th  which the information portrayed on the map can be verhalised and understood correctly is so
important  for many aviation purposes that any serious examinat ion of the user ’s requirements would lead to time cxpecta- S
tion t h at ready verba h isation would be a feature of h)att eries of tasks designed for the evaluation of aviation maps. Yet it
is rare to fi nd any verbal tasks at all. Aviation maps are not yet designed to facilitate verba lisation of the information on
them.

Ko emm man 52° suggested that  it was necessa ry to stumdy modes of speech as a guide to the communication principles
which should he followed in cartography. It is known that the success of matching a verbal description to a pattern
depends on the complexity of the pattern more than does tIme success of nmatching two visual patterns ((‘ohen 235 ). I t
would he expected tlmat abi l i ty to recall the verb al form of cartographic messages mighmt depend Omi the ex ten t  to wim iclu
they  lua ul been converted into visual forms , and that this conversion process could be achieved nmor e readily for general S
c lasses of car tographic symbol than for subclassifications of them ( h3ahrick and Boucher S2m ) . It is not kmmown however
wh meth e r  these hypotlues es , de rived from non -cartograp im ic sources , remain true for map symhology.

Given the need for verbal cartograph ic messages, the  question arises of the forim i they slmould take to m im inimi s e errors .
confusion anti misinterp retation . In addition to technical improvem iments in voice tram ms nmiss i on (A G AR I )  Aulvisory Report S
19 , l9~9(R e f . 52 2)) ,  known sources of a mbiguity in mili ta r y messages can he mini mumsed , a nd time abil i ty to recognise
pote ntial ambiguities and confusions in received messages (Wil son 523 ) mig lmt he used to reduce errors further by requests
for t’ur ther data about messages whi ch seem ed unclear. Wilson ’s”3 findi ngs also suggest timat intelligibility might he
imp roved if a strict adherence to prescribed message formats is dispensed witim if required. More specific recommenda-
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ti omu s . such as that by L.o u mcks 324 i n (le scribing heading changes, could also t,e followed, anti mm ew voice c o n m l u m u n i c a l i o n
pimi losophies . designetl to achieve hi gim in te l l ig ib i l i ty  un ul er  unfavourab le cond it i ons ( ( ’amp 525 ). could he considere d in
terms of their relevance to verbal cartograp lmic coiu m mun i cat ion.

The issue of cartography as a language is p e rt i mmen t to the verbal transn u iss ion of cartog rap hmic information , in t i uat , in
so far as it is a lammg u age. it should he possible to formmuu l ate  and use rules for t ransla t ing cartog:ap lmic concepts into  verbal
ones without major loss or distortion of informat ion imm t ranslation.  It does not follow th at there mnust be a corresponding
verbal term for every cartographic relations h ip and s t ruc ture . hui t  merel y that  a comm u momu logic can be app lied. A lthoug lm
this theme has been nmuch discussed and debated , t lmere remumains a gulf between the theoretical concept of cartograph y as
a language and the practical application of its ternminohogy to resolve real problems , even if it is conceded that  cartogra p imy
is a language , a claim which is itself disputed (Robinson and Petche nik495 ). Perh aps in the future , an approach based on
linguistic analysis may provide a practical evaluation tool for maps , and for assessing the facil i ty wi th  whic lm their contents
can be verbah ise d . but such an approach currently seems impractical for aviation purposes.

In principle , it is possible to express cartographic information verbally to meet the requirements of some aviation
tasks. McGrath et al. 322 demonstrated the feasibility f plotting tar get locations fro m verbal descriptions by the pilot ,
and showed that  this could he as accurate as plotting ISy the pilot himself since plotters could track the progress of an 

S
aircraft from the pilot ’s descriptions. Taylor and Hopkir i iSl demonstrated that verbal topographica l descriptions of map S

positio ns could enable them to he located as accurately as when grid referenceswere given forthem , although accuracy was S

somewhat dependent on cartographic information density with verbal descriptions , and independent of it with grid
references. These studies , havi ng shown that verbal descriptions are feasible , ind icate that the problem is to optimise
thei r efficiency by drawing tip rules to be followed when compiling them. It would be expected that performa umce both in
fo rmulating verbal descriptions and in understanding them would improve with practice. It would also be expected that S
verbal descriptions of certain kinds of cartographic relation ships might he inherently ambiguous or confusing, and best
avoided. Verbal descriptions of routes or pin-points clearly must involve a selection of the most appropriate relevant
cartographic material. Attempts at verbal descriptions of the map of even a small area reveal the practical limitations
of word s and the cumbersome nature of verbal methods in providing sufficiently detailed descriptions, for example , to
enable the map to be red rawn from them.

An is.sumpt ion ii ip l icit in the study of the verbal tranmission of cartographic information is that there should be
a close , and perhaps a one-to-one , relationship between each verbal cor,cept and each cartographic one , and bet ween each
word or phrase and each map symbol , convention or relationship. h owever , j ust as computers offer an alternative to
maps as a data storage system (Harvey~

5 ), so computer languages offer an alternative to maps in providing a set of
concepts to be verbahised , a nd may provid e a more comprehensive and precise description than either wosu.ts or maps of
some concepts concerned with patterns and spatial relationships. Thus the fea sibility of emp loyi ng verbal descriptions S

based on computer concepts rather than on mapping ones can be contemplated in the verbal transmission of cartographic
informimation.

_ _ _ _ _  

-Il--



CHAPTER 8

S PRINCIPLES OF INFORMATION PRESENTATION ON MAPS

8a l) I S( ’R IMI N A l I O N  AN I )  M E A N I N G

Map design is the  application of principles of infornmat ion display to maps. Many of these principles are applicable
to other displays t lman nmaps . Some of them have little application outside of cartography, such as the principles of

S shadow shading in relief representation. Knowledge about discrimination and meaning is fundamental  to the design of
all representational sy r mm h o h i e displays , including maps.

Sensory factors involved in the detection , discrimination and resolution of coamplex visual information have been
reviewed in Section 3a. Perceptual and cognitive factors involved in the recognition , identification and interpretation

S of sensory info rnmation were discussed in Section 3b. Map design has to take account of what can be discriminated
reliably and what mmueanings can be and are at tr ibuted to various codings , classes of symbology. individual symbols and
information categories. Although findings about wl mat is discriminable in other contexts may not rem mmain valid for maps .

S differences which could not be discrinminated in other contexts are unlikely to be discrim imin ated on maps; therefore ,
negative findings on discrimination may have nearly univer sal validity. With regard to meaning, the application of general
principles , though suggestive , may seldom be productive without verification in the context of the map. So much of the
rumea ni ng. and particularly the plausibility of errors in assigning meaning, is dependent on the specific map context , and
on the extent to which the mea ning of the context has been understood. Meaning also depends on whether it is intended
to be self-evident by using pictorial conventions , or relies on learning and remembering where there is no evident visual
relationship between the symbol and what it represents.

To be most usefu l, guideli nes for map design should be general , reliable , valid , firmly based on sound evidence , and
no t the subject of factual or theoretical dispute. Few guidelines withstand such rigorous criteria.

There is no single accepted approach to display design. Singleton 00 noted th ree practical approaches, based S
respectively on check lists , fo rmal procedures and behaviour theory. Easterby 96 noted three theo retical app roaches
la nguage models , in formation theory , and Gestalt theory, and , in exa mining coding iim relation to perceptual organisation ,
he distinguished between visibility and perceptibility, the latter being concerned pri mnan ly with clarity, stability and S

fig ure-ground relations, lie also noted that meaning can be construed as structure or as signification. General theoretical
framewo rks of display design are not yet sufficientl y established for a single set of procedures to be followed. Even if
they were , their generality would have to be evaluated wi th care , to ascertain which conditions must be satisfied before
they can be validly applied to design practical displays. Maps may not be sufficiently like other displays , or at least not
sufficie ntly like the other displays which have been the subject of studies in display desig n , for recommendatio ns on
display design to remain valid for them (l -lopkin ’8 ).

Most maps are used for a variety of purposes under different viewing conditions. Systematic design should ensure
th at t he physica l characteristics of the map image meet the minimum requirements for discriminabi h ity and legibility S
under all the conditions of use. The smal lest contrast ratio and line weight , for instance , should be determined by the
minimum necessary for map reading under the most difficult operational conditions. Unfortunately, most maps tend to
be designed to provide a clea r , legible and pleasing image under the near optim uim conditions in which they are drawn.
If multi-purpose topographical maps strictly adhered to minimum operational requirenments , their appea rance under ideal S

vie wing conditions would lack the subtlety, and detail that many observers expect in a well-designed map. The carto-
graphic community argue with some justification that they are unable to design maps for the most critical conditions
because of t he absence of definitions of operational requirements in cartographic terms. In the case of hand-held maps
specificatio n of these design minima is hindered because the observer can often overcome inadequacies by bringing the 

Snmap closer to the eye or by highlighting imp ortant inf ormation in pre -flight planning, Human factors research is usually S

necessary to ide ntify critical operational requirements and to translate them into cartogr aphic termm i s, and few produc t ion S
agencies seem to have read y access to such expertise.

Human factors research concerning minimum requirements for map design under non-ideal viewing conditions is
sparse. A significant proportion of this work has been with the legibility of alphanunmeric s under low levels of ih lunmina-
tion (e.g. (“rook et 41, M ), This has been discu~ ed in ( ‘hapter 5c. In studies of search performance using eye movement
recordi ngs. Enoch 526 and ‘ro wnsend et al .45° deliberately degraded discri nm ination on maps by presenting blurred inmages.
More recently, a number of rep orts have been issued concerning the legibility of maps viewed in various types of m ap
di splay ((‘arel ci a l. ’~~: Barrett et aI MS ; ~~~~~~~~ h itchcoc k 523 ; Barnard ~~~: Wong and Yacoume los 528 ). The pr actical
value of these experiments can be judged by the exten t  to which the result -i are presented in cartog raphic terms.
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.-\ glance th mr u ughm time illustrations in any te st  on cartographuic design . sii~h j s t h a t  ~I Ke j t c s tmt0 , shows tha t  the
coding of map infornmation relies on point , linear , area , and a I p l ma numer i ~ s~ mh oi\ . s ,, ry ,m lg the i r  Iornm , dimensions , colour
anti visual t ex tu re . A fundanmental  principle of display design is thu a t  var i at i on s in ~. Ik1 in g should he associated wi th  varia-
tions in mmmeam u ing. U nin temmt iorma l  variations are c om mun i on on m m map s hecausc ol lact or s associated wit im the i r  complexity such
as overprinting of symho ls . ink opacity,  s immmu l ta i m e ou s  eo iu t ra s t  e f fec ts  and he~ j use  ot va r i a i i o n s  in production control , S

such as ink strength and dot screen densi ty .  (;enera lly, it mx good cartogr aphic pr actic e to avoid designs with  large
unintent ional  coding variations as these m imay head to co ’ulu sion and mi smnt er p r ea t i o n s .  I ’hu s , there is a requirement to
know how um u c h variation can take place before a diffcience can he perceived. Furth erm ore , when the intent ion is to
enable discriminat ion to take place , it is impor tant  to kno s~ how r~l i ahly t h i s  can he achieved for a given difference in the
physical stimulus.

if a series of discriminations is required , it is necessary to know whether this variation sh ould be in steps of constant
magnitude or should follow some exponential , hogarithn u ic or other function to ensure reliable discrimination and visual
equivalence of the steps. This requirement applies not only directly, For example to circles of increasing sizes, to lines of
increasing thicknesses , or to a series of hypsometric tints within a single hue , but also to more complex visual textures and
to technical processes during map production , such as cross line screens , t in t  screens , vignetting, hachures , and hil l  shading.
In view of the psychophysical preoccupation with just noticeable differences , it would be expected that some practical
guidance could he given on this topic for map designers , based on the application of Fechner ’s law that the increments in
successive steps follow a logarithmic relationship, wi t i , each successive one a constant proportion of the absolute magni-
tude of the preceding st imulus.  Unfortunately for cartography, the universality of this  law , and indeed its validity,  have S

been challenged (Stevens ’7m’ ) and guidance must therefore rely mainly on specific experimental findings rather than on
general principles.

A st udy hyEkman et al. 102 found that the discriminabie differences between certain cartographic symbols followed
S a power function , in agreement with Stevens ’ proposal. Power functions were also used to account for findings on dis-

cri nminahie lengths , areas and volumes (Ekman and Junge tm50 ). Earlier , Williams 528 had concluded that Fechner ’s law could
not account for his findings on equal appearing intervals of a grey scale for use on maps. The curve of his grey scale could

S be used to derive equal appearing intervals for other colours , except for light ones such as yellow (W ihhi ams i7S ).

Williams 530 defended the validity of his findings against criticism , and independent confirmation came fro m the work of
Jenks and Knos94 who showed that in selecting a set of self-adhesive shading patterns for affixing to coloured maps the
best set was obtained by applying Williams ’ findings. The US l)epartment of I)efe imce Standard Printing Screen Catalogue
offers a non-linear range of percentage printing screen values at equal visual intervals , based on psychophmysical data.

S Flannery ’52 found a non-linear relationship between perceived size and actual size of circles and wedges, but bar
symbols could be graduated on a linear basis. Meihoefer S3m also examined circle symbols on maps , and encountered the 

S

S psychophysical effect that their perceived size is not linearly proportional to their  area. He suggested that  it was
necessa ry for cartographers to know and follow principles of visual perception when designing maps so that , for example,
a circle which appeared to be doubled in size rather than one which actually was doubled ~n size , would be used if it was
necessary to show this relationship. He also pleaded for a map legend , so that  comparative rather than absoluite discrimi-
nations would be possible. His findings were subsequently more widely published (Meihoefer 532 ’533 ). Olson ’s 505 findings
suggested that the discriminabi l i ty of circles on maps can probably be improved by training.

Wright tm5 m examined the  relationship between relative visual distinctiveness and line width on maps , with a view to
selecting an opt imum set of line widths .  He criticised psychological findings on disc r inminable differences as of l i t t le  S

S help, because by cartographic standard s they relied on crudely drawn forms and lines. However , Wright ’s fintlings could I
he accounted for by Fechner ’s law. Crawford’83 , seeking to increase the visual effectiveness of monochromatic maps ,
examined the  perception of gratluated circles and line widths , and showed that  the psychophysical properties of grey
tones can he comparable to those of black ones, Severud”~ compared solid lines wi th  various types of broken line , S

for mapping purposes. 1k was prinmarily concerned with  the relative visual importance assigned to various kinds of lin e .
rather than their  relat ive d iscr iminahi l i ty ,  hut he found that  his subjects could not agree on the relative visual inmportance
of the  lines.

S The apparent  preoccupation of cartograp lmer s wi th  time psyc lmophysi ca l scaling of map symbols arises tronu their
extensive uise to convey quan t i t a t i ve  data on thema t i c  and statist ical  maps. The val id i ty  of psychophysical data derived
frons experiments in non-cartographic contexts has been questioned by MeCleary 503 . Whereas psychophysical scaling of
symbols may seenu acceptable when viewed on nmap legends , it is more important  tha t  it produces fewer confusions and
improved idemu t if i c at ion performance comparetl with other methods of scaling when the synmho l s are viewed in a imuap
context. Wagenaar m77 contended that  the argument over the laws of visual discriminat ion imsay be sterile since under

m any of the most important  condit ions the competing theories are so sinmilar  in their  predictions t h a t  it does not greatly 
S

ma t te r  w h i c h  is followed. It is also important to remember however , in dealing with  t l i scr i mmminat i on . t imat the  map has to
he designed not to cater for discr iminat ion tinder average circumstances hut  pre ferably to retain discr inmination tinder the
least favourable operational conditions with .mn adverse physical environment , and eyesight standards at the nmi ni mml un i  S
accepted level. 

S

On topographical maps most differences in co ding are intended to convey qual i ta t ive  differences in meaning.
Psychop hysical data are onl y relevant to the extent  tha t  they inform the cartograpimer .mho ut t ime size of physical
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d i f f c rcncu’s in Flu e symbol needed for reliable discrimination.  Most topographical symbols use redundant  cod immg . ai,d
discr i mi minat ion is base d on im mure than one coding d imension . t he  sizes of the p iuysica l differences depicted by one coding
dim su en sion mu m ay set-nm different  from those depicted by anotimer redundant  t l i mnens iomm . I’sy chm op h mys i ca l  research has so far
failed to e x a mimm e m i mu i t id imumensional  synmbo l coding. ln to rmumat ion  on time d i s c r i m uu i nah i h i t y  of topographical map sytumbol s .
is mainly  derived frommm studies of performnance on search anti id em m ti f i c a~ion tasks rat lmer than  psychophysical experiments

S (e.g. Taylor ’00 : l’otash535 I i lypsom u metric  t i n t s  represent q u a n t i t a t i v e  data c ommcerning te r ra in  elevation and their  design
should m e consistent wit lm psychophysical Princi P les. The coding of lmy p sotmu etr i c  la~’ers w i t h  be discussed iii detai l  in
Sec ti omu ~d .

S . and W ihl i a nms et al . 256 at lopte u l amm em m ipirical at lm r oael u to m easurimug d i s c r i m in ah ih i t y  of symbols on
conupl ex d i sp lay s . l ie recorded eye mus ovenments  and f ixat ions dur ing  searchu for specified targets and plotted discr inmin-
a b i l i t y  gradient s  for ind iv id ua l  co uh im ig categories based on the proh u ab i l i t y  of f ixat ions fal l ing on similar non-targ et items

L in time d i sp la y .  \ lo~ ;m oi a b i l i t y  ot ,i mon-target  t ’is . a t i o mm im u dicated a luig li d i s c r i n u i n a h i l i t y  trom l u time target.  I his re sults
dem mmomm stra t e d  t t me  in ip or t . ’’ ~e u t  colour coding imm deternm iri ing di scr i minabi l i ty  of symbols during visual scai~ h. Be t t e r
d i scr imu mi na h i l i t ~ ant i  a nm ’re st ructured search patteriu was actmieved wi th  colour cooed displays compared wi th  achromatic
sy nibols -

Studies of fo r u m d i sc r imina t ion  carried out iii non artograp hi ic contexts  indicate variables that  may be relevant to
1121) design . i o rmum di s t - r i n m i n a i i o n  is affected by the t ime avai lah le for it , and b y the na ture  of time judgn m en t  required. If
t is m m ec essa r% to say s imumply  w l u e t t u e r  s t imul i  are the sam e or different , how long t l m i s  takes depends on how many  ways

t i mc y may t h m i t e r  N i cker son 536 ). W h e t h e r  fornms are judged to he the same or different may depend on what has gone
before . am i d on instruct ions about  what  to look for ( Kan towit z 53

~ I Perfornmar ice may also depend on w imether the foru ms
S 

being cotnpared are judged to be equivalent  (C l en m emmt and Vernado e 538 ). and in making timese judgments  subjects may be
unable to ohe instructions on time strategy they sluould adopt (( ‘lement and W eiman 539 ). Judg m ents about re l at is~
m uuagni tudes  n ay be affected by the  con te st  in which they are nmade , hut  also by the kind of response required (Ross and
i) i Lou o~~° I. -

S ( ) ve rp r in t i ng  and clutter  affect form discrinmination.  The abi l i ty  to di scr imin ate and identify symbols rapidly when
varying densities of symbols are presented may be limited b y what can be recalled rather than by what can be seen
I I  e ichner et al. 54i ). Legibility of a particular digit , as measured by times anti errors , was degrade ut by overprinting multi-
coloured synub ds . though the exact nature of the impairment found was not clear , being explained in terms of h ues but
also exp licable in terms of hr ight n ess(Smith m42 ). A study by Williams and Falzon m43 indicated that for certain simple
for u ms su i t - t m as squares and circles , it was possible to introduce various overlays and still  retain effective discrimination and

S recognition of their  general fornm category .

Sternh erg 5
~~ believed that two separate stages could be analysed in discriminating and recognising a fornm . firstly an

encoding of its basic visual properties , and secondly comparison , or a series of comparisons , with memorised infornmation.
T h e  we hi - km i own findings (e g. Bierderman and Checkosky 545 ), that  stimuli can be discriminated more rapidly if they
differ  independent ly  anti redundant ly  on more than one psychoph ysical dimension , may hold true for nmaps , but not be

S of much practical help to map designers. Such studies , and that  of Stone 5
~ on the effects of redundant infor m ation .

h ave been conducted mainly to test theories of serial or parallel information processing rather than with any practical
S application in view . to cartography or elsewhere . The above studies , not directly concerned with maps, provide a glimpse

of the numerous factors wh ich may influence the discrimination of information on maps , and suggest hypotheses which
could usefully he tested with cartographic material.

Sb SYMBOL O GY

Human factors handbooks provide guideline s on the choice of visually discr iminable forms. They indicate the need
for inui ivid u a l  forms to ontain sufficient distinctive at t r ibutes for a self-evident unambiguous label to be assigned to each.
They suggest how many different  examples of eaclm form , differing in size , brightness or other comnmon psychophysical
dimensions . may he used wi thout  incurring significant erro rs in absolute jud gments. In principle , therefore , much of the
information needed to devise a set of unambiguous cartographic symbols is already available , ei ther as specmfic
recommended forms or as rules for devicing and proving new sets.

( ertain differences from standard conditions apply to maps , and these may need to be considere d , but there are no
serious obstacles to be ove rcome in doing so. On maps ,judgments may be relative rather than absolute, in regard to sizes
or hyps onmetric t ints  for example. The designer may have to modify his proposals according to the requirenments for
spatial precision , and for the juxtap osition and overlaying of other symbols. While it may be necessary to allow for the
complexity and lack of uniformity  of the visual backgrounds against which the symbols on nmap s have to he viewed ,
nevertheless there is a large body of evidence which can be used in selecting sets of cartographic symbols , and the experi-
menta l  techniques required to verify their efficacy are not innovative , although they may call for access to speciahised
cartographic pr int ing processes to prepare suitable experimental material. Even so, the costs of conducting a typical
experiment on aviation mmmap s , whether or not it requires specially prepared cartographic material , are small compared
w i t h  those for ex per i rmm e nts  requir ing a fl ying programme or flight simulators.

~~~~~~~~~~~~~~~~
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In view of the above , it is surprising that definitive evidence on the choice and discriminability of most map
symbology does not exist , and much of the basic experimentation necessary is only being done now , or has still to be
done. What has been done mainly concerns unidimensional symbols for coding quantitative data on thematic maps. This
is not to say that all niap symbology is inadequate: far from it. But it does mean that objective evidence on how good it
is, and on how much it might be improved is not available. If a map proves unsatisfactory for a task it may be impossible
to judge whether alternative methods for portraying the same information would be satisfactory, or if the task is funda-
mentally over-ambitious or inapproriate, so that the problem is not a matter of portrayal.

Standards.sation

Standardisation of symbols to ensure that specific meanings are consistently associated with specific visual charac-
teristics is fundamental to cartography and to all other effective means of graphic communication. The symbolism of
cartography has developed and evolved over centuries of mapping, to the extent that numerous conventions have been
accepted for common use , and hence become standardised. Some forms of cartography lend themselves to the adoption
of standard symbology better than others ; topographical maps have evolved conventions more readily than thematic
maps where the most effective symbols tend to vary depending on the specific information to be communicated.
Standard isation isa feature of individual sheets on thematic maps and of series of maps in topographical cartography.
Here, consistent interpretations are ensured by strict adherence to a legend or design specification. In aviation, formal
international standard isation agreements exist , governing different map series produced by various agencies, such as
those drawn up by ICAO in Annex 4 to the Convention of International Civil Aviation (ICAO, 1967 (Ref.l56)). Here
the need for enforced standardisation is greater because conventions for depicting air information are not sufficiently
well-established to prevent variations in usage. To ignore conventions and standards invites the possibility of confusions
and misinterpretations which in flight can at the very least reduce operational efficiency and at worst endanger lives and
reduce flight safety.

Several authors have discussed the need for standardisation of map symbols, including Ratajski498 ; Board547 :
Kikishov and Preobrazhensky 5

~~. Robinson549 and Morrison473 and Brandes55o . Mostly, they are concerned with the
need to adopt standardised symbology. Some have proposed a systematic rationale for denying standardised symbol sets
(e .g. Morrison413 ). It is broadly accepted that a cartographic syntax should be used to derive sets of symbols so that their
appearance reflects the similarities and differences in meaning which they are intended to communicate. Most conven-
tional topographical maps have evolved with such characteristics. The problem with standardisation is that many symbols
become accepted and adopted with no objective evidence to confirm that they are the most effective symbols beyond the
fact that they are in common use. Where they are not the most effective that could be used, the designer may be faced
with the difficult choice between a bad convention and a good but novel innovation. Standardisation agreements, and
most map specifications for that matter , are rarely based on objective research and empirical investigation of the effective-
ness of alternative symbology.

Locational and Representational Information

Symbols on maps convey information regarding the location, nature and quality of features, objects or phenomena
in geographical space. The locations of these phenomena can be defined in absolute terms in relation to the earth’s
surface; cartography attempts to convey this information by positioning the symbol as accurately as possible on the map
within the limits of space and scale imposed by the medium. Representational or qualitative information concerning
the nature of a given feature is conveyed by the graphic variables of shape, size and colour. The need to convey informa-
tion about the nature of features often interferes with the ability to represent their locations accurately, and vice versa.
An increase in scale invariably necessitates a reduction in the precision of locational information by the generalisation and
separation of features in order to achieve a meaningful, legible representation. Conversely, the choice coding for
symbolising a feature is constrained by the need for the symbol to be positioned accurately and unambiguously, and by
the juxtaposition and separation of other symbols.

Classification

Two aspects of the design of map symbols can be distinguished. The first concerns the manipulation of graphic
variables to enable one symbol to he differentiated from another. The second concerns the association of graphic
differences with distinctions between the features represented , i.e. the referents.

Symbols could be classified on the basis of their geometric or graphic form hut more useful classif icat ions are based
on the nature of the features that they represent. Map symbols may be classified as referring to points (non-dimensional .
indicating a place or location), lines (one-dimensional, a boundary or route), or areas (two-dimensional, a forest or lake).
Symbols for volume , representing three-dimensional geographical phenomena , occur frequently on thematic maps. Hill
shading represents the slope of the Iandform in an area and could he described as an area symbol. Keates UO points out
that a given feature may be represented as a point, line or area depending on the scale o1 representation. On a large scale
map a town may be depicted in outline or a road shown as varying in width and hence area , portraying the plan dimen-
sions of the feature. On a small scale map, detailed planimetric representation of outline and width may be graphically
impossible to draw to scale and if it were possible it might not be resolved by the eye. Hence, the classification of
symbols are referring to points, lines and areas is not absolute but relative to the scale and kind of information

~~~~~ represented .
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Robinson and Sale95 differentiate further between points, lines, areas and volumes of geographical phenomena
accord ing to the method of scaling or differentiation of the data , on nominal, ordinal or interval scales. Nominal or
qualitative data are in mutually exclusive categories and convey no information on the order or ranking of phenomena.
Most topographical features are distinguished in nominal categories. Ordinal scaling makes some statement about the
order, rank or relative magnitude of features in addition to making qualitative distinctions , such as large towns or major
roads. Interval scaling gives information regarding the distance between ranks such as differences in elevation in metric
or imperial units of linear measurement. In theory, a system of symbolisation based on this two dimensional cross-classi-
fication of point , line, area and volume phenomena on the one hand, and nominal, ordinal and interval scaling on the
other could provide a simple means of systematically structuring the grammar , and the semantic and syntactic depend-
encies of cartographic language. In practice , this system has not evolved because there are only three basic graphic marks

dots or points, lines, and area markings (patterns or colours) - that can be made on maps to represent the four classes
of geographical phenomena. Each of these markings can be used to portray nominal, ordinal and interval data. Because
these methods of scaling are not mutually exclusive , the same kind of marking can be used to convey both nominal and
ordinal information, or ordinal and interval information, or nominal and interval information, or nominal, ordinal and
interval information together.

In discussing information and symbols on maps, Keates4U makes two fundamental statements about the nature of
map symbolism. Firstly, he points out that for any feature , only a selection of the total amount of information that it
is possible to know about that feature is represented on the map. Highly selective information is obtained in a geological
survey. Depending on the scale and envisaged use of the map, only some of the differences between features measured
in the survey will be portrayed by the cartographer. The map as a whole, and each symbol in particular, are both highly
abstracted selections of information that the cartographer has judged to be worth communicating.

Keates’ second point, related to the first, concerns the fact that the function of a symbol is mainly to classify and
categorise geographical phenomena. Features are grouped together according to certain characteristics that they have in
common and they may be represented by the same symbol even though they differ in other respects or exist at different
locations. Classification may be on the basis of a major characteristic that the features share, such as the general classi-
fication “roads”, or it may be a more detailed classification in terms of smaller groups within a general class, such as the
sub-classification of roads according to width and surface. Qualitative and quantitative differences may form the basis
of class distinctions. The formation of classes normally is a systematic process, beginning with the definition of major
categories, and identifying sub-divisions of features within these broad groupings. In this way, the symbol system is
organised in a hierarchical structure and the grammatical relationships between the symbols can be indicated to the user
by similar and dissimilar codings. The general principle followed here is that a self-evident , ordered and logical structure
linking the graphic variables and their referents will lead to more efficient communication than a structure of visually
unrelated symbols, associated with features that are related in the environment.

Graphic Variables

Shape, size and colour are the basic graphic coding variables that are manipulated irs the design of map symbols.
Shape refers to form or outline of symbols, regular and irregular, representational or abstract , drawn in plan, profile or
as an abstraction of the function of the referent. It also concerns the qualities of visible pattern and texture used to
repiesent area features by repeated or combined dots or lines, and variations in continuity and structure of symbols
depicting linear features. Variations in the orientation of shapes may be used to make distinctions without changing the
form or outline.

Variations in the sizes of points and lines are commonly used to make qualitative and quantitative distinctions in
the meaning of symbols. These range from the minimum size at which the eye can detect a brightness change, to sizes
well above the threshold for visual detection determined by the number of intermediate size differences that need to be
discriminated and identified, and by the size variation required to giv e the desired visual emphasis to the feature in a
cartographic context. Lines are the most common graphic element of most topographical maps. Hence they are often
termed line maps to distinguish them from, say, annotated aerial photographs. Size variations in line widths or “weights”
together with differences in line length form the detailed basis of a large proportion of most map images. The size of
symbols representing areas is determined by the location of the boundaries of the area. Size dimensions may be manipu-
lated when the map scale does not permit the representation of areas in planimetric form. Size may also be varied in
pattern and texture coding of area features to indicate quantitative difference such as in the density of objects within
an are a or differences in importance and prominence.

• Colours on maps vary in hue, chroma and value. Variations are achieved by the use of different printing inks, by
differences in ink strengths, by screening or tonal differences, and by overprinting and juxtaposing other coloured areas.
Colour coding has unique attention-getting properties but its value for coding small differences between features is
reduced by difficulties in the absolute identification of large numbers of different colours. Colour coding will he dis-
cussed in detail in Section 8d.

Shape, size and colour are often used together as redundant coding to indicate the nature of referents. Shape and
colour are frequently combined in the design of topographical symbols. Limitations on the absolute identification of
colours often restrict the use of colour to coWunctive coding, to coding general classifications of features or to coding
for tasks with a iarge search component. Shape coding on the other hand, lends itself to numerous variations that can
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be easily recognised and identified . Thus, shape coding tends to he used for representing smaller differences or sub-classi-
fications of features (disjunctive coding).

Studies of the comparative influence of various dimensions of symhols on recognition and identification performance
have been very numerous. The answers obtained usually depend as much on the choice of symbols, of tasks , of experi-
mental conditions, and of measures , as on the dimensions themselves. Kunnapas et al.55’ analysed some simple symbols
in terms of their similarity on several dimensions rather than on a single one. Erickson 552 reported that shape and hue
were marginally more influential than size or brightness. Colour was better than shape on tasks involving search accord-
ing to Williams 200 and Smith and Thomas24° . in one of the few experiments of this kind carried out on maps Chirstner
and Ray iO3 found that numerical coding was superior for identifying tasks and that colour coding was superior for
locating and counting tasks. The results of many of these experiments are summarised in handbook recomm endations

• on the choice of forms and symbols, many of which depend on somewhat tenuous evidence that is nevertheless better
• than no evidence at all.

More specific studies of map symbols have tended to follow one of two methods. Some start by collecting samples
of map symbols in use and then categorise and study them (e.g. Koponen et al.29 ; Adams490 ). Others start by studying
symbols out of the map context (Wi lliams sss ), sometimes to achieve a particular effect , such as impressions of volume
(Ekman et al. ~ O ), of circular area (Meinhofer533 ), of square area (Crawford 183 ) of line types (SeverudSM ) or of graduated
point symbols ( Flannery iS2 ). An alternative is to try to simulate maps (Ilanby and Shaw 224 ) which has the advantage of
permitting more adequate contro l over experimental variables and the disadvantage of trying to prove that the findings
may be generalised to real maps. There is some evidence that certain physiological measures, as well as behavioural ones,
may be sensitive to differences between symbols in the ease with which they are recognised (Chainova et al.555 ).

Clarity and Legibility

Clarity and legibility are fundamental requirements for the design of map symbols. Clarity and legibility can be
achieved through the choice of lines shapes and colours, to comply with the limits of visual acuity and discrimination
discussed in Section 3a. High contrasts between symbols and backgrounds are essential for small detail to be resolved,
particularly under non-optimum viewing conditions. Minimum sizes should be determined by the smallest component
of the symbol that has to be recognised.

In addition to the above, some general statements can be made about the characteristics of successful cartographic
symbols using concepts drawn largely from Gestalt psychology. In graphic design, simplicity is a virtue; concise and
precise signals are more efficient than elaborate and complex messages, particularly when the user has limited time and
when his task loading is high. Simply stated , the shape of map symbols should be distinctive in general outline, not in
fine detail. Symmetry , continuity, closedness , unity, and figural goodness are desirable characteristics when they can
be incorporated without affecting the meaningfulness, appropriateness and pictorial quality of the symbol. (Wood~

8; 221 ;

Dent ”6; Keates i2O ).

Koponen et al. 29 examined the meaningfulness or association value of a sample of map symbols by measuring the
ability of the symbol to evoke an immediate and correct response of the object it represented. Pictorial symbols were
judged by subjects to be the best method of symbolisation, related objects were judged the poorest , and geometric , part
of the whole and verbal symbols were considered to be only moderately acceptable. Easterby55’ has pointed out that
to achieve pictorial quality, in which the symbol looks like the object to which it relates, it is often necessary to intro-
duce complexity, thus producing j  conflict with the need for simplicity. Good design often depends on the correct
balance between pictorial quality and simplicity.

In an earlier paper discussing machine displays, Easterby 23’ summarised some of the basic principles of symbol
design, which also apply to maps.

(I) Figure/ground. (‘lear and stable figure (symbol) to ground articulation is essential.
(2) Figure boundary. Figures should be bounded by a contrast boundary in preference to a line boundary. Where

the symbol involves more than one graphic element , the most important should have a solid contrast-bounded
element.

(3) Geometric forms. Simple geometric shapes should have a solid rather than an outline figure.
(4) Closed figures. Line-hounded figures should form a closed figure unless discontinuity is essential to the

meaning. Where discontinuity is important , it should be clear and unequivocal to avoid misinterpretation
due to the psychological phenomenon of closure.

(5) Continuity of figures. The smoothest , continuous outline for the figure shodld be used, and where discon-
tinuity or irregularity is required it must be unambiguous, to avoid perceptual smoothing.

(6) Simplicity. Symbols should be as simple as possible because fine detail does not facilitate unambiguous
and rapid interpretation.

(7) Symmetry. Symbols should be as symmetrical as possible, unless asymmetry contributes to the meaning of
the symbol.
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(8) Unity Symbols should be as unified as possible by integrating diverse elements within an outline (e g boxing
spot heightsl and by consistent use of the samc size and proportions of individual elements when they repeat
(e.g. cross-tie bars on railway tine symbols).

(9) Orientation. The prevailing outlines of the symbol should attempt to follow the main horizontal and vertical
spatial axes.

Most of these statements are based on design experience rather than empirical research. There is some evidence
to indicate that increasing the visual complexity of a symbol reduces the probability that it will be recognised (Williams
and Falzon~’3). The findings of Van Roy and Morrison”8 supported the view that simple pictorial map symbols are
more readily recognised than sophisticated complex ones. Taylor ’00 presented empirical evidence for the desirable
characteristics of map symbols in a comparative evaluation of conventional and special-purpose maps for moving map
displays. Similar evidence can be obtained from studies of the legibility of maps in television displays(Harrison 559 ;

L Marsetta and Shurtleff”45 ; Wong and Yacoumelos528 ; North and Williges561 ; Streeter et al.456 ).

Hopkin7° suggested that existing human factors principles should be applied to map symbology, to allow their
relevance to be empirically tested. One problem in deriving principles of map symbology from empirical data is that
assessments of the utility of a map symbol may depend on the task . Different results may be obtained if, instead of
traditional search or counting tasks, a measure of decision quality is adopted, such as that which Silver et al. proposed
(Ref.562) and tried (Ref.5l2).

Harrison~’, in his controversial paper, raised some pertinent issues about map symbology. He believed that to
have a large number of symbols was self-defeating, and that in many instances discrimination should rely on topographical
features rather than symbology, for example in relation to reservoirs and dams. He wondered if the most important
features should cast shadows to emphasise them, but queried the logic of including symbols in perspective on maps in
plan view. Further discussion of map symbology are contained in papers by Howey”’, Wutfeck et al.’°’, and Lichte
et al.56 .

Sc TYPOGRAPHY

It is somewhat surprising to read now the conclusion by Lichte et al.56 , in their review of map reading studies in
relation to radar scope interpretation, that much of the dependable knowledge about map design concerned the reada-
bility of symbols and the legibility of typefaces. Keates t63 noted that the particular requirements of map typography,
in contrast with book typography, included the legibility of every individual letter and the employment of typefaces
as information codes, and he examined critically the legibility of traditional typefaces on maps. Poulton564 distinguished
two measures of legibility, namely rate of comprehension and rate of skimming, but although the latter measure was
seen as appropriate when the reader is interested only in certain parts or aspects of the material, it nevertheless does not
seem to be directly applicable to many map reading tasks. Some of the typographic requirements of maps were reviewed
by Gardiner565 , mainly by a systematic application of Burt’s°’ recommendations on typography to cartography. Bart z00’
concluded from her analysis of the literature on typographic legibility that none of its major recommendations had been
derived from, or verified for, maps, and that the measures used, mainly those referred to by Poulton5

~ , seemed irrelevant
for map reading and led to conclusions which were probably invalid for maps. Much of the confidence of Lichte00 and
his colleagues about our knowledge of typeface legibility in relation to maps therefore seems in retrospect to have been

• unwarranted.

Cartographic textbooks, such as those of Robinson and Sale95 , Monkhouse and Wilkinson~~, and Keates~°, discuss
typography in some detail, usually under the heading of lettering. Type can vary in the following ways (see Keates UO)
for illustrations of the terms used:

Fount (font) -- general design, style or typeface (e.g. Times; Universal; Gill Sans: etc).
Roman (upright) or italic (slanted). -

Serif, sans serif, or slab serif.
Case (upper or lower).
Size - - height of letters, or more commonly of metal type body (defining point size).
Set width (generally classified as condensed, normal or extended).
Body size of ascenders and descenders in relation to distance between baseline and mean line (a large body having

relatively small ascenders and descenders).
Weight stroke width or thickness (generally classified as light, medium or bold,, with its consequent modifications

of set and design.
Colour
Density opaqueness (affecting contrast and tolerance of various photographic and other processes).
(Strictly speaking, these last two variables are properties of the ink or the processing, rather than of the type itself).

-
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There are many interacting effects among the above variables, depending in particular on the choice of font. In maps , afurther variable may be the sp:icing between letters within a word , which can be expanded to fit other data or for func-
tional reasons, for example if a name refers to a large region and is given prominence by increased weight rather thansize. Also , the letters in a map name may not all lie in a single straight line, particularly if they refer to a curving geo-
graphical feature such as a river.

In cartography, the most fundamental distinction is between typefaces with or without serifs. Whereas Harrison’46
suggested that sans serif type should never be used on aviation maps, Monkhouse and Wilkinsoni3S believed that serifs
should not appear extensively on maps. Keates ’2° was more cautious: in so far as serifs foster continuity they may
enhance legibility, but large stroke variations, associated with serif rather than sans serif typefaces . may impair legibility
and discourage the use of so-called modern typefaces with serifs at right angles and with symmetrical vertical stresses,
which lack the inherent flexibility and subtlety needed to preserve maximum legibility. Keates noted the advantage forI.. maps of founts with a full complement of weights and forms, since the fount itself, its Roman and Italic forms and its$ upper and lower cases may he of service in coding different cartographic information categories, leaving other variables,
such as size and weight, to show distinctions within categories. It is also an advantage for maps to have type wit h a large
body.

Two aspects of typography for maps are to some extent in apparent contradiction. One is the conclusion that , on
the whole, psychological research findings on alphanumeric legibility, and the consequent recommendations on legible
alphanumencs in human factors handbooks, have little relevance for maps. The other is that most common typefaces
have been designed with great care and are basically highly legible. Psychological criteria of legibility emphasise possible
errors caused by the confusion of individual letters with each other: in experiments, letters are often degraded deliberately
by a variety of means, including short tachistoscopic exposures, blurring, and low light levels, to emphasise errors or pro-
long reading times until they attain statistical significance. Typographical criteria of legibility emphasise the balance and
aesthetic qualities of individual letters, and the need for a coherent style for all letters in the fount. Neither approach is
concerned with the effects of the multiplicity of cartographic backgrounds on the legibility of lettering. The conditions
of use for which most typefaces or alphanumeric character sets were designed rarely occur on maps, the nearest approxi-
mation probably being boxed spot heights or names, which are never common. Thus, probable conclusions to be drawn
are that there are no reasons for supposing that the general literature on typographic legibility would be valid for map
design, but that equally there are no reasons for expecting gross improvements in legibility to accrue from specially
designed lettering for maps.

Specially designed lettering would be intended to remain legible against a variety of backgrounds, but this variety
implies that the only effective methods must rely on increased size, weight, body and similar physical attributes , com-
bined in certain circumstances with more opaque inks and with high contrast colours chosen to remain legible when
superimposed on, or near to, any other colours on the map. Such techniques could increase legibility, but at the cost of
impairing the visual balance of the map and giving the lettering a visual obtrusiveness and emphasis which its operational
importance rarely j ustifies. Many aviation map contexts, far from requiring a greater emphasis on place names, can dis-
pense with them without operational penalty (McGrath et al.’32 ). The cause of illegible lettering on maps is seldom the
typeface itself, but more often an incorrect choice of size or weight, or excessive clutter or density of information. If
the problem has arisen because photographic processing has degraded legibility, a change of fount alone will do little to
resolve it. The intention here is not to discourage attempts to design lettering to meet the particular needs of cartography:
such an enterprise would be challenging, and helpful if successful; but the resulting improvements , though tangible, are
likely to be small, and changes in lettering are no panacea for other problems. Any specially designed typeface would be
the result of a great deal of work if it included all the necessary forms and never seemed amateurish or clumsy, since it
is easy to under-estimate the complexity, subtlety, aesthetic cohesion and legibility of the most commonly used and
successful founts on existing maps.

Bartz~~ proposed that the speed with which a map can be searched provides a logical criterion for measuring the
comparative legibility of alternative type on maps, and proceeded to use this measure in several search tasks (Bartz500).
If different maps had different typefaces, but there was only one typeface within each map, typeface had no significant
influence on search time. Where there were several typefaces within a map, search time depended mainly on whether
the searcher knew beforehand the typeface of the lettering he was looking for. On the whole, typeface was not a main
determinant of search performance.

Taylor iO~ included variations in typeface in an evaluation of the legibility of topographical maps for aircraft map
displays. The primary purpose in introducing typeface changes was not so much to enhance legibility as to ensure that
letterirg on a paper map was in a form which remained legible after microfilm processing and projection in moving map
displays. The main methods, which were generally successful, were to increase size and to enhance contrast by greater
weight and density, rather than to try different typefaces. The subject’s task was to identify the characters in specified
place names, river names, radio facilities labels, etc. Times and errors were recorded. Search remained a task component ,
but the requirement to search was reduced by indicating the location of targets on an adjacent map of the same area
with the relevant targets masked from view. The fixed viewing distance of 480 mm was comparable to that for instrument
panel mounted map displays in the cockpit. The results indicated that optimum type dimensions depended on the reada-
bility and inter-character redundancy of groups of letters. Whereas plantation names could be read with comparatively
small dimensions, spot elevations had to be larger because each numeral had to be identified separately. In general.8 point capitals (height 1.8 mm; stroke width 0.3 mm) were required for good legibility in familiar letter sequences,
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such as radio aid notations, and 8 point lower case lettering was acceptable in labels and placenames. 8 point type was
adequate for spot elevations in clear boxes , but 10 -- 12 point type was required if contrast was poor, as in grid lettering.
Bold colours, medium stroke widths, medium to wide letter spacing, I : I height-width ratios, and upright sans serif
(Got hic) typefaces were recommended.

The results are in broad agreement with the standard human engineering recommendation of a height/stroke width •

ratio of 5: 1 or 6:1 for low contrast , long viewing distance conditions, but the minimum height of 2.8 mm suggested for
poor contrast conditions on maps is much less than the normal recommended height of about 7 .0 mm for other visual
displays under comparable viewing conditions (McCormick ~~ Such large type sizes are impractical on most topo-
graphical maps because of limited space and high information density. In most map reading tasks , the viewing distance
can be varied , so that the map reader simply reduces his viewing distance if he has difficulty in reading the map. The
facility to do this often seems to be assumed in the design of conventional topographical maps. This design principle
no longer applies to maps in map displays when the viewing distance is fixed by a seat harness.

The legibility of type on maps is subject to degradation from numerous environmental conditions associated with
flight. How far the map design must try and compensate for this degradation by changes in the typography depends on
the operational significance of the typographical data on the map, the frequency and severity of the expected degrada-
tion, the feasibility of map usage under adverse conditions, visual balance, information density, and the extent to which
departures from the optimum map design under normal conditions can be tolerated to satisfy .ceptional conditions.
To compensate for vibration, dim illumination, viewing through goggles, and other impairments to map legibility, type
can be enlarged, increased in weight, altered in colour or density, or perhaps changed in case, senfs, uprightness, fount
or set. Contrast may also be improved by lightening the background, and considering reflectance values. Under very
adverse environmental conditions, such as severe turbulence or near darkness, it may become impossible to retain the
legibility of typographical information on a map by modification to its design. The particular problems of red cockpit
lighting and typography (Crook et al.36 ) have been described in Chapter Sc. Another problem, associated with maps
for a moving map display, is the ability to read lettering which has been rotated. A preliminary experiment by Sgro
et al.367 suggested that this remains feasible, though the time required increases, particularly if the lettering is nearly
inverted . However , finding the word and seeing it as a visual entity before reading it introduce problems in addition to
that of legibility.

In comparisons between existing maps, the type used for a given information category is likely to differ between
maps on numerous dimensions, so that even when a significant difference between the maps is found in the performance
of a task it may not be possible to establish which design differences were responsible for the effect (Phillips and Noyes~~).
However , when special material is made to show separately the effects of independent variables, the resultant simplified
map-like material differs so much from topographical maps in the cartographic categories, codings and information
density and variety depicted that the generalisation of findings to real maps becomes speculative. This latter approach
was followed by Phillips et al.56’ who concluded that type size and case were more important than fount or weight in
influencing a search task . Type styles were not mixed within any single map, and type variations as a means of cate-
gorising map information were not studied. They were not concerned with adverse viewing conditions. Within these
limitations, their findings were not incompatible with those of Taylor 100). Phillips et al.00’ stressed the need to judge
the legibility of type on a map not in isolation but with reference to the importance of typographical information in
relation to other categories of portrayed feature .

The advent of computer-gererated lettering for maps poses a new set of typographical problems since the intricate
variations within the design of typefaces are not a feature of computer-generated lettering which, by comparison, is
inflexible, crude and unwieldy. The problem arises of the questionable applicability of the findings on computer-
generated alphanumerics to the legibility of computer-generated lettering on maps (Streeter et al.400) .

Probably of greater significance for lettering on maps than most attributes of the typeface is where the lettering is
put on the map, that is the positioning and arrangement of names. Some of the principles for placing names were illus-
trated by Keates~°. lmhof’5’ contended that there is one optimum position for each name within a map, and illustrated
how, and how not to, position names. While it is generally true that there is an optimum position for each name, it does
not follow that there must be an ideal position, or that every name sel~tted can be included without clutter or ambiguity.
Alternative criteria for positioning names, and the possible role of computers in positioning them, are topics requiring
further study.

In choosing type and in positioning names, it is desirable to consider the peripheral visual cues which alphanumeric
information on a map may provide, which assist a variety of tasks. If the letters which constitute a word are placed too
far apart , the shape and length of the word, both useful peripheral cues in accepting or rejecting a word during search,
may be lost. Ascenders and descenders, if very small, may fail to contribute to the initial rejection or recognition of a
word peripherally. Weight , slant and colour may also be helpful peripheral codings. A fount which gives visual
prom inence to initial capitals might be advantageous too for certain tasks. Such hypotheses require verification, but
indicate that the role of characteristics of type as peripheral cues might repay study.

-
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8d COLOUR

Colour is used extensively as a coding dimension on maps. The principles governing the selection of colours arecomplex , drawn partly from aesthetic and utilitarian considerations, partly from convention and established practice ,and partly from the mechanical and technical factors involved in the formation of the map image, which are constantlychanging. Robinson and Sale’5 identify three reasons why colour is important in cartography. Firstly , they argue thatit simplifies and clarifies the map image by reducing visual clutter , by facilitating figure-ground segregation, and by unify-ing and segregating aerial features. Secondly, the subjective , connotative effects of colour make it an important aestheticelement , with the result that unpleasant colour combinations may reduce the map’s effectiveness. Thirdly, they pointout that the choice of colour affects the observer’s ability to discriminate fine detail , to distinguish shapes and boundariesand to read lettering.

It seems to be universally accepted that the use of even the smallest amount of colour on a map achieves an immediateimprovement in the attractiveness of its appearance. Achromatic maps are dull and uninteresting in comparison. Thispleasing effect of colour is common to all forms of visual display: on maps the problem is to distinguish between thoseprinciples of colouring which depend on the connotative effects and those that have functional and utilitarian value.Each may bring about improvements in communication , either by increasing the motivation and arousing the curiosityof the observer or by facilitating the interpretability of the map content. In military aviation, the attractiveness of mapsis probably less important than in fields where commercial production agencies compete for markets, or say in educationNevertheless, it would be foolhardy to ignore aesthetics totally, for instance when introducing a new map series, be -a pleasing appearance may lead to quicker acceptance of the new product and overcome the traditional reluctance tochange. On the other hand, where the important criteria are functional rather than aesthetic , it becomes relevant toconsider whether colour coding significantly improves or degrades map reading performance and whether equally goodor even better performance could be achieved at less production cost with monochrome maps. Balanced assessmentsof colour coding compared with monochrome coding of visual displays has been provided by Jones570 , Christ andTeichner”’ and Christ5” . Most of the visual principles of colour coding on maps are discussed by Robinson and Sale95
and Keates ’20 . Discussion papers on the psychological , aesthetic and utilitarian aspects of colour in cartography areoffered by Keates 502, Makowski573 , Robinson’5 and Yanosky S~4 • The associational properties of map colours have beeninvestigated by Van Der Weiden and Ormeling50’ .

Illumination and Colour

As discussed in Chapter Sc , the selection of colours on most aviation maps is restricted by the requirements of redcockpit lighting. Aeronautical chart s are invariably printed in black, blue and green colours and no other , to prevent theloss of contrast under red illumination. All three major topcgraphical map series (ONC, TPC, and JOG) used in militaryaircra ft operations avoid the use of red and orange colours. Electric blue was probably initially chosen for air informa-tion because it retains a high contrast under red illumination. There is evidence that few aircrew actually use red light-ing to illuminate maps in present-day aircraft operations (AGA RD575 : Taylor~~). Although the abandonment of thisrestriction on map colours would benefit the majority of aircrew , map production agencies are reluctant to alter theircolour specifications while some airc rew continue to use red lighting.

Research on Colour Coding

Most of the principles governing the use of colour on maps reported in cartographic textbooks are based on practicalexperience rather than on empirical research. The human factors literature is rife with experiments comparing the relativemerits of colour , shape and other codes on identification and search task performance. Only a few of these studies havebeen carried out on maps.

(‘hristner and Ray ’°3 examined the relative effectiveness of various target-background coding combinations on maps.Three target codes were used: non-redundant colour , number and enclosed shape. The eight target colours were thoserecommended by (‘onover and Kraft 516 for eight- and four-step codes. They were approximately the same Chroma andValue , but differed mainly in Hue. Five types of map background were used: all white , solid grey, five shades of grey,five pastel hties giving good brightness-contrast with the targets , and five different patterns. Three variables affectingdisplay complexity were examined : the number of targets (60 and 120), the number of coding levels (4 and 8), andthe clustering of targe ts (high and low). Five subjects were used in a fully factorial design each performing five differenttasks: locating, identifying and counting targets , and comparing and verifying target data in different areas.

The major findings regarding colour coding were as follows. Coding and complexity conditions did not interact.For the Identification task , number coding was superior to colour coding, whereas for both the locating and countingtasks colour coding was superior to number coding. Performance with coloured backgrounds did not differ significantlyfrom that with non-coloured backgrounds. Furthermore there were no significant differences between performance withthe four black and white hackgrotinds. They concluded that the optimum choice of target codes depended on the taskto be performed. Colour coding was superior for tasks involving visual search , but numeral coding was an advantagewhen the task involved ider’~ ~tion . It is reasonable to draw the further conclusion that when the task involves bothsearc h and identification a ant or partially redundant combination of colour with number or shape coding isprobably the most desirable. .~is is the standard practice on most topographical maps.
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Christ and Teichner57’ summarised visual display exper~ments on colour as a completely redundant attribute. They
concluded that the addition of completely redundant colour to size , brightness or already redundant combinations of
size and brightness produced large improvements in identification accuracy (Eriksen and Hake 577 ; Kanarick and
Petersen518 ). The addition of redundant colour to alphanumerics, shape, size or brightness also had a large positive
effect in reducing the time needed to locate and count alphanumeric targets(Brooks”9: Smith 50; Smith et al.24i ;
Friksen~

2 ; Friksen581). These advantages for redundant colour depended on the subject being informed of the
redundancy. Adding redundant colour without informing the subject impaired performance (Eriksen 58’ ). Redundant
colour had an increasing advantage as stimulus density increased , according to Smith58° and Smith et al.241 . Brooks519
found that as the number of redundant colours increased there was a slight decrease in the advantage of redundancy.

Studies of colour as a partially redundant code involving measuiement of identification performance are generally
comparisons of coloured and achromatic displays of the same riiaterial. Christ and Teichner57’ reviewed five such
studies: Wong and Yacoumelos528 on maps; Markof P82 on embedded targets in a natural scene; Jeffrey and Beck on
static aerial photographs; Kraft and AndersonSM on dynamic aerial movie film; Fowler and Jones 585 on a real-time
sensor display. In all case s, the subjects knew the redundant colour of the target. Only Markof P82 showed an advantage
for colour on identification accuracy; all the others found no effect.

With regard to search performance, partially redundant colour was an advantage when the subject knew the target
colour. This advantage increased as the number of different colours in the display increased, but decreased as the pro-
portion of non-targets with the same colour as the target increased. Not knowing the target colour made the addition
of partially redundant colour a disadvantage (Green and Anderson500 ; Smith587 ; Smith580 ; Shontz et al.5~~).

The papers by Shontz 589 and Shontz et al.58’ are particularly important because they report an experiment in
which up to 28 colours were used to indicate the location of features on maps. The authors pointed out that limits on
the number of identifiable colours recommended in the literature on visual displays are not necessarily relevant to maps
where search is an important task component . In their experiment they used sets of 7 , 14 and 28 colours highly dis-
criminable in peripheral vision according to discrimination gradients established from eye fixation data reported by
Williams500. Circular samples of these colours were attac hed to maps adjacent to selected target features acting as a
partially redundant code. The maps were from the sectional Aeronautical Chart series, some printed in their original
colours and others photographed in black and white to give achromatic controls. The map areas were chosen to give
four levels of map clutter and the number of objects in each coded category was balanced across conditions. Thirty-
three subjects were presented with a sketch card containing a drawing of the target feature and a disc showing he appro-
priate colour code. Time taken to locate the target feature was recorded.

The results showed a significant advantage for colour-coded targets that was maintained for all code sizes. Colour-
coding of targets was an advantage when the number of objects in each code category was eleven or less. Above this
number, the advantage of colour coding was no longer maintained. There were no significant differences in performance
between chromatic and achromatic map backgrounds. In conclusion, it was stated that colour coding for information
location on maps was effective for at least 28 categories when the colours used were highly discriminable in peripheral
vision and when the number of objects in each category was no greater than eleven.

Large numbers of colours have been shown to be usable by other authors. Hanes and Rhoades59’ showed that
with extensive training an observer could identify 50 surface colours with almost complete accuracy. Bishop and Crook592
estimated that by varying Hue, Value and Chroma as many as 60 colours may be distinguishable. The difference between
these figures and the comparatively small numbers of colours used on most maps (6 to 12) is probably due to the limiting
effects of memory for colours as well as economics. Shontz’s58’ *ask was somewhat unrealistic in that subjects were
always shown the colour of the t uget and they ne~’er had t~ karn it. Osterhoff et al.32° demonstrated that achromatic
charts were inferior to a standard ~uomic chart sor maintaining geographic orientation under simulated flight conditions.
They concluded that existing chromatic charts could not be adapted successfully to navigation display systems with no
colour capability and that such systems would need specially designed achromatic charts.

In an experiment on decision making with maps displaying tactical information, Silver et al.512 found colour to be
most effective in aiding decisions when the density of facts was high. Their use of decision quality as an alternative to
the more traditional measures of the effects of colour, such as search time and accuracy, reflected the need to ensure
that findings are not an artefact of the chosen measure, and to use a variety of tasks reflecting the multiplicity of

• functions of many colour-coded displays. Findings about codings often depend on the chosen task , as in the study by
Burdick et al.593 and in Schutz ’s59’ experiment which demonstrated the reading time for various kinds of line symbols
could be influenced by colour coding. Stringer595 , testing colour and readability in maps, employed measures derived
from a repertory grid technique, and StoneM4 suggested that to some extent colour and form attributes could be
processed in parallel in making comparisons between stimuli.

Taylor” reported a series of experiments on colour coding on maps including measurements of the visual con-
• spicuity and visual separation of printing inks, and the scaling of hypsometnc layer tints. He argued that the optimum

selection of map colours was partly based on the visual distance between them as well as on the requirements for
contrast and redundancy with size and shape codes. Sets of colours with maximum visual separability were very similar
to colours used on popular, full-coloured aviation maps.

___  
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Tint Screens

In normal ‘flat ’ colour or colour separation reproduction, the three psychological dimensions of colour (Hue, Value,
(‘hroma ) are varied in several ways: by using inks with different spectral composuions and different dominant wave-
lengths; by using different ink strengths; by adding grey : by superimposing one semi-transparent ink on another; by
using half-tone and vignetted tint screens.

Half-tone tint screens are the principal means for varying the Value and Chroma of a given Hue. The effects of half-
tone tint screens are twofold compared w Us a solid of the same colour: a half-tone screening increases the reflectance
from the exposed white paper, and thus desaturates or reduces the chroma of the colour by increasing the reflectance
of all other wavelengths apart from the dominant wavelength; secondly, the lightness or value of the colour is increased
because the exposed white paper reflects more light than any subtractive hue, Half-tone tinting or screening therefore
has the effect of decreasing chroma and increasing value compared with the solid of the same ink. Conversely, increas-
ing the percentage of sccees~sng and the amount of ink falling on the paper, increases chroma and reduces value. The
effects of screening on value depend on the reflectance of the ink: a smaller range of variation in value can be achieved
by screening lighter inks such as yellow and some greens than with darker inks such as blues and blacks. With dark inks,
exposing only a small percentage of the white paper by screening produces a comparatively large increase in reflectance.

In a half-tone tint screen , the lines of dots are printed at a particular angle. An angle of 45 degrees to the horizontal
is normally used for monochromatic maps. On multi-coloured maps, each coloured screen must be orientated at different
angles with a separation of 30 degrees to avoid undesirable moire patterns.

Half-tone screening is particularly important on topographical maps where large area features are often superimposed
with point, line and alphanumeric symbols. In order to obtain adequate contrasts for overprinting the designer must use
light colours for background features or use half-tone screens where the solid of the background colour is too dark.

A considerable amount of cartographic research has been devoted to the psychophysical scaling of tint screens,
with the intention of producing sets of screens with equal appearing visual intervals. Williams52’ concluded that
Fechner’s law could not account for his findings on equal appearing intervals of a grey scale for use on maps. In a later
paper (Wil liams’7’ ), he showed that the curve of his empirically derived grey scale could be used to derive equal appear-
ing intervals for other colours, except for light ones such as yellow. According to Williams’ data smaller differences in
screening are required to make an equal visual difference in the light tones than in the darker tones, and the largest
differences are required in the middle of the range. Williams539 defended the validity of his findings against criticism by
Robinson591, and independent confirmation of his results came from the work of Jenks and Knos95 who showed that
in selecting a set of self-adhesive shading patterns for affixing to coloured maps the best set was obtained by applying
Williams’ findings, rather than by applying psychophysical log or power functions. More recently, Crawford’7’ found
no measurable differences between the perception of graduated symbols printed in black and grey tone. Ten percentage
printing screens between white and solid (4, 7, 12, 21 , 31 ,42, 54 , 67 , 79,91%) with equal appearing visual intervals
checked by empirical research are used for the production of aeronautical charts (Anon595 ).

Variations in half-tone tint screens of the same ink are often used on maps to represent a set of variations in quantity,
with each screen corresponding to a numerical value or interval, On topographical maps, tint screens are used in this
way to represent intervals in height elevations above sea level. The design principle usually followed is that greater
intensity represents higher numerical value (Keates ’20 ), or “the darker the Value (colour) the greater the magnitude”
(Robinson and Sale’5). Large quantities are normally shown by saturated hues which are low in Value; small quantities •

are shown by tints of low Chroma and high Value. In representing relief on topographical maps the reversal of this
general principle would lead to increased legibility problems with superimposed information which tends to be densest
in low lying regions.

Tone and Texture

Pattern and texture cues may be introduced by variations in half-tone tint screens , dependent on the size , spacing
and orientation of the screen elements and the observer’s viewing distance. For most applications, the size of the dots
or lines and their spacings are usually so small as not to be resolved by eye at nonnal reading distances. Hypsometric
tinting by dot screens is one example where textural differences are normally below the threshold for discrimination.
On the other hand, discriminable single and crossed line screens with their solids have been used with success on some
UK Ordnance Survey maps to represent relative relief whilst permitting absolute identification on the basis of textuTe
cues. Textural cues are more commonly combined with tint screen differences for area symbols on monochromatic
maps and for indicating qualitative differences on maps of geology, soil and land use. Jenks and Knos95 found that for
graded series of symbols observers preferred dot screens to irregular and line screen patterns and that fine textures were
better than coarse textures. Robinson and Sale’5 reported that with dot screens having textures finer than 75 lines per

• inch pattern differences will not be discriminated , whereas textures coarser than 40 lines per inch will tend to be per-
ceived as patterns rather than as tones. They also warned against the irritating visual effect of large areas of parallel lines
when the spacing between the lines is greater than the width of the lines.
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Value Differences

On t he number of discriminable differences in achromat ic half-tone tint screens , Robinson and Sale’5 concluded
that a difference of l0~4 to I2~ in percentage screening will usually be noticeable and that about six to eight shades of
grey between a black and white is about the maximum that the untrained observer can discriminate (Robinson’8). For
bright colours with a shorter brightness range between the solid and white paper , fewer divisions will be discriminable
than for black ink or dark colours. Hue or texture differences should be added if more divisions in a series are required.
It is not entirely clear whether these recommendations are applicable to tint screens requiring absolute identification.
It has been shown in non-cartographic co: ltexts that the number of absolutely identifiable colours increases with practice
(Ilanes and Rhoades 591 ) and it is conceivable that as many as eight tint screens could be identified reliably wit ls sufficient
tra ining. However , for most practical purposes with relatively inexperienced observers it probably would he unwise to
expect perfect performance on an identification task with a non-redundant code of eight tint screens. Bishop and
Crook592 recommended only three luminance (Value) differences for reliable identification of a given hue in an opera-
tional sett ing. W ith the exception of hypsometric tints, which do not require absolute identification , more t han three
value differences in the same hue are rarely found on topographical maps and aeronautical charts. Other sources
recommend four brightness intervals for non-redundant coding under good viewing conditions and two intervals when
v iewing conditions are below optimum (Van Cott and Kinkade 599 ; PotashSSS ).

Absolute identification of value diffe rences is made more difficult on maps by induced brightness contrast effects
of adjacent coloured areas which change the perception of value of a given tint screen. Robinson and Sale ’5 demon-
strated t he apparent “wav iness” of a series of tint screens arranged in a row side by side: each contrast boundary was
perceptua lly exaggerated with the lighter area appearing lighter and the darker area appearing darker for a small distance
either side of the boundary . As reported in (‘hapter 3a this effect can be interpreted in terms of lateral inhibitory and
excitatory processes at neural units connected to the receptors in the eye. Although the “wa~~ness” of series of tint
screens can he eas ily demonstrated when the tint screens are of equal area and arranged in a row in order as on a map
legend, t he effect is not so apparent on maps where the arrangements are complex and where the area sizes are irregular.
On the other hand, the effect of induced brightness contrast on small areas with darker or lighter surrounds can be pro-
nounced for both regular and irregular shapes: a given tint screen will appear lighter against a dark surround and darker
aga inst a light surround (e.g. Robinson and Sale’5 , p.2 58). This undoubtedly increases the difficulty of identifying print
screens , part icularly when the differences between individual screens are near the threshold for discrimination.

Chroma Differences

(‘hroma or saturation differences are not normally systematically varied on maps independently of hue and value
differences . Screen t ints and the addition of grey to coloured areas affect both the value and chroma of coloured areas.
Var iations in the strength of printing inks affect both the chroma and value of the colour. Whereas, Robinson and Sale’5
descr ibed chroma as the least significant of the perceptual dimensions of colour in map design, Cuff600 showed that
differences in chroma may interfere with the ability of observers to utilise symbols scaled in graded series by value
d ifferences. The importance of ~ontrolIing for chroma differences often seems to be under-estimated.

(‘olours with high chroma or saturation and high brightness contrast tend to be used for coding point or line
features. The relationship between symbol size and chroma was discussed by Keates ’20 . He pointed out that a small
area of a given hue will appear less saturated than a larger area. For this reason, high chroma inks are considered to be
essent ial for coding small symbols if their hues are to be perceived. Whereas saturated, high chroma hues are used for
cod ing fine detail , the same colours may be unacceptable over a large area of the map, such as for coding woodland,
because the effect may be visually overpowering, creat ing an imbalance (Keates ’20 ). Desaturated hues tend to be used
for symbols that require de-emphasis or that cover large areas of the map. On maps portraying quantitative data , high
chroma is normally associated with high magnitude, and low chroma with low magnitude.

Bishop and Crook592 recommended the use of only two chroma differences (30% and 70% purity) for identifica-
tion tasks with sets of colours differing in Hue, Value and Chroma. But Robinson’8 and Keates i2O both pointed out
that the discrim inability of Chroma differences varies with the Hue and Value of the colour, Some Hues can be printed
wit h more discriminable variations in (‘hroma than others. Fewer differences in Chroma can be discriminated at low
and high Values than at intermediate Values. This is illustrated by the Munsell Book of Colour which shows that printed
samp les of the perceived colour space occupy a solid similar in shape to two cones joined at the base, rat her than a cylinder
of constant diameter.

Hue Differences

The employment of hues on maps is largely governed by the requirements of convention and standardisation. The
US Army Field Manual 2 1 - 31 , reported by Potash535 , lists the following conventions:

( I Black for the majority of cultural or man-made features.
(2 ) Blue for hydrographic features such as lakes , rivers and swamps.
3 (;reen for vegetation such as woods, orchards and vineyards.

(4) Brown for all relief features , such as contours .
( 5) Red for main roads, built-up areas, and special features.

____ 
_________________________
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- . On aeronautical charts , electr ic blue , a purp lish-blue, is usually employed for coding air information.

Robinson’5 reported the following conventions:

( i Red is associated with warm and blue with cool temperatures , suc h as in the representation of climates or
ocean currents .

( 2 )  Yellow and tan are assoc iated with dryness and paucity of vegetation .
(3 )  On maps showing positive and negative values red usually represents positive and blue negative.

Both Keates i2o and Robinson and Sale’5 referred to the established spectral progression of colours for layer tinting of
elevations: blue for water , green for lowlands, and yellows through browns to reds for progressively higher relief .

• Hues have conventional applications in coding visual dispiays other than maps.. According to NATO Military
Standardisation Agreement 3370 red should be used as a warning signal, and yellow or amber denote warning or caution.
(;reen, w hite and blue are normally advisory signals: green denotes safety, that the condition is satisfactory, or within
the tolerance limits: white or blue indicate status without implying safe or unsafe conditions. The use on some aviation
maps of red for coding obstructions , danger areas and power transmission lines conforms with this standard .

-
‘ The connotative and subjective aspects of hue have received some recognition in cartography, althcugh cultural

differences mean that these have limited applicability to aviation maps with multi-national, world-wide usage. Hues
are described as warm (e.g. red), cold (e.g. blue) and neutral (e.g. brown) referring to associations with mood rather
than temperature .

Another factor concerns the apparent advance and ret reat of hues or their apparent distances. Under controlled
conditions it is possible to demonstrate that some coloured surfaces appear to be nearer to or farther from the eye than
they actually are. Taylor and Sumner60’ and Johns and Sumner602 experimentally demonstrated that red appeared
nearest to the eye, followed by white, yellow , green, blue and black. The authors found a high correlation between
distance and brightness. Robinson98 suggested that this effect may be due to chromatic aberration of different wave-
lengt hs causing reds to be focussed nearer the lens than blue. It is tempting to suggest that this effect may have some
usefulness in separating information into visual planes on maps, but there is no empirical evidence to confirm that it
has any effect on map reading performance.

On the discriminability of non-redundant hues, it is normally estimated that 9 or 10 hues can be reliably identified
in visual displays with little training. 1-lalsey and Chapanis603 found that 10 to 12 spectral colours could be distinguished
to nearly 100% accuracy. Conover 604 and Conover and Kraft 576 used Munsell colour samples and concluded that not
more than eight maximally saturated surface colours can be identified by most subjects. For operational environments
t hey considered that a more realistic figure would be within the range of five to seven. Baker and Grether605 concluded
that nine hues was a practical number. The ability to remember hues is a linsiting factor on the number of colours that
can be reliably identified. Practice improves performance on colour identification (Hanes and Rhoades591 ). Size (visual
angle) is an important factor; large areas of colour are easier to identify than smaller areas. The colour of the illuminant
and the integrity of colour vision of the observer are additional factors. Morgan et at. 14 reported a set of nine surface
colours, including black , grey and w hite, that can be identified reliably by colour-normal and colour-blind observers.
There is little empirical evidence that directly bears on the number of hues that can be reliably identified on maps. In
pract ice , partly for economic reasons, most topographical maps are printed in between 6~- 12 hues, which is within the
limits suggested by the human factors literature. Map hues differ in that they are usually combined w ith other coding
dimensions, such as shape, and actual hues chosen are rarely checked for discriminability.

Simultaneous colour contrast effects leading to the induction of the complementary colour of the surround were
regarded by Robinson’5 as reducing the ability to match hues on maps. Attempts to demonstrate this effect in a map-
like context have been unsuccessful (Audley et al. ”°). Induction may only be a problem when large numbers of colours
are used with small differences between them. Robinson606 suggested that induced contrast effects are largely eliminated
if the coloured areas are outlined in black.

In addition to the requirements of convention, the selection of hues for maps is determined by the need to achieve
adequate contrasts for line detail. Hues with a clear contrast against white backgrounds, such as brown and blue, are
used for point and line symbols. Hues which give good contrast for overprinted detail printed in black , blue and brown,
such as yellow and green, are used for coding are a features such as hypsometric layer tints and vegetation. The require-
ments for visual organisation and balance , discussed separatel y in section 8f, also influence the choice of hues on maps.

Se INFORMATION l)FNSJTY AND CARTOGRAPHIC GENERALISATION

Maps are reduced representations of geographical surface s(Keates i2O ). In technical drawing, the scale of represen-
tation may be 1: 1 or an enlargement , but in mapping, the surface to be represented is so large that reduction is essential
to achieve effective communication. Unmodified reduction increases the density of information per unit area. Aerial
photographs are unmodified reductions of geographical surfaces and they demonstrate well the consequences of reduc-
tion without alteration: the dimensions of linear and area features are reduced in the ratio of the reduction ; intricacies
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and detail are increased in the same proportion; the distance between feature s decreases, w hile crowding and clutter
increases; clarity and ability to detect , recognise and identify features are reduced. Whereas optical magnification and
annotation (Hill30’: 506 ) are often necessary to extract information from aerial photographs, var ious graphic devices,
known as cartographic generalisation, are used in cartograp hy to modify the representat ion and render the reduced image
ef fective as a meaiss of communication.

The principles of cartographic gener~lisation are discussed by Robinson and Sale95 ; (pp.52 (d ), and by Keates i2o ;
(pp.23 28). Robinson and Sale ’5 drew a distinction between the elements and controls of cartographic generalisation.
The elements of generalisation simplification, symbolisation, classification , induction are employed by the carto-
grapher according to the requirements dictated by the controls: the objective or purpose of the map; the scale of the
representat ion; the graphic limits or capabilities of the communication system; the quality of the data , its reliability
and precis ion. The authors added the corollary that in practice the four elements of generalisation are not clearly
separated so t hat , for instance , the processes of selection and elimination of information during simplification overlap
w ith characterising by symbolisation. Keates i2O distinguished between the generalisation of locational information and
meaning on maps. He discussed selection simplification and combination together , separated t hem from classification,
and included exaggeration and displacement.

Simplification

The process of simplification refers to the selection, elimination and combination of information, and its re-arrange-
ment , reshaping, exaggeration and displacement. All these devices are intended to achieve effective communication with
reduct ions in the scale of the map and the space available for representation.

A great deal of information, particularly on small scale maps, is omitted , and a selection is made on the basis of
importance . This applies t’or examp le to drainage systems which appear as progressively simpler patterns as scale is
reduced. A further procedure is to combine similar items. A large scale map may show most individual dwellings, whereas
a small scale map will depict only large groups of dwellings. Simplification means a considerable loss of detail; on small
scale maps , bends in streams , indentations in coastlines, irregularities on contours, w indings of minor roads, etc., are
fewer and smoot her , and do not reta in their angularity when scaled down. As part of’ simplification, some areas are
replaced by points: town fill is changed to a symbol, and shape information is lost. Similar items are congregated to-
gether: a group of small hillocks may appear as a broader hill , or a region with many small woods may be depicted as
generally afforested. One problem with simpiiflcation is that part of the significance of many individual features comes
from their juxtaposition with others. A settlement beside a river may be located where the river is bridged; a railway
stat ion in a remote region may be where there is access by road; terrain and drainage systems are causally related . If it
is contended that only certain of these features have any operational significance and need to be shown on the map,
much of their meaning may be lost or distorted wherever it depends on information not portrayed. As scale is reduced,
the dimensions of symbols remain physically constant or nearly so, in accordance with legibility requirem~ -’ts. Thus,
it may be impossible on small scale maps to depict an industrialised valley in a mountainous region without deliberately
exaggerat ing the width of the valley to accommodate on the map the cartographic symbols for a river, railway, road(s) ,
and built-up areas needed to avoid misrepresentation. Contours may, as a result , have to be displaced, leading to an
exaggerated depiction of the steepness of the valley sides. Another source of exaggeration associated with small scale
maps is that , because symbo ls and lines must remain large enough to be legible, the features depicted by them on small
scale maps extend over regions which they do not in fact occupy. This entails some loss of accuracy regarding their
precise location.

Symbolisation

Symbolisation can be regarded as a form of generalisation whereby concepts , facts and the essential characteristics,
comparat ive significance and relative position of geographical distributions are graphically summarised and coded . The
degree of generalisation irs symbolisation may be comparatively small, as w hen representing administrative boundaries
by a set of symbols, or it may be high, such as when adjacent towns are symbolised by a single dot on a small scale map.
Generalisation by symbolisation increases with decreasing scale , but it also varies within a given map. The portrayal of
t he fundamental characteristics of coasts and rivers by generalised symbology cannot be achieved by simplification and
smoot hing of the line elements alone. Too much simplification may render the representation unrecognisable. In
symbolising the feature , the designer seeks to ident ify the essential character istics of the feature that distinguish it from
others, and while simplifying and smoothing the line elements in accordance with the scale requirements, he will also
atte mpt to preserve the distinctive elements if necessa ry by selective exaggeration and emphasis.

Classification

Classification in cartography has been discussed in Chapter 8b. The ordering, scaling or grouping of phenomena
into classes is a characteristic of human information processing. In cartography, it is also a part of the process of
generalisation. Generalisation by classification has the effect of reducing the number of distinctions portrayed by
classes and sub-classes of cartographic information. As the scale is reduced, the number of road classifications may be
reduced, and tracks and paths omitted altogether. This cannot simply be a matter of showing only all major roads,
because t hen a region with only a few main through roads and no minor roads would be depicted in the same way as
a region with a similar number of main roads and a complex network of numerous minor roads. Similarly, many small
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adjacent lakes must remain distinguishable from one large one, and a region with numerous small streams should not he
indistinguishable from one with no visible drainage at all. Successfu l generalisation by classi f ication depends on starting
w ith much more detailed information, and deriving the general classes from the specific. It also depends on understand-
ing t he geographical region and trying to convey its characteristics , if necessary by some departure from strict accuracy,
so t hat two regions, quite different on geographical content , cannot appear very similar when mapped , as a resu lt of un-
intelligent generalisation.

It would seens to follow that successfu l generalisation by classification must depend on the exerc ise of some carto-
graphic discretion to fit particular circumstances. This tends to conflict with the need for a very precise specification
for a world-wide map series involving many cartographers. This dilemma is not easily resolved, particularly when, given
discretion , cartographers tend to generalise so that they fill but do not over fill the space available. The result is that
desert regions show too much, and regions with very numerous feature s tend to show too few of them , a critical comment
noted by Keates ’20 , echoing that of Wright U~ who emphasised tlsat for aviation the use of inconsistent generalisation can
be highly misleading.

Induction

Robinson and Sale’5 described inductive generalisation as the process of making logical inferences from data
based on accepted associations whereby the cartographer portrays more information than has been surveyed. This
specialised form of generalisation applies particularly to thematic mapping where isarithms for instance , are constructed
from discrete data points. On topographical maps generalisation by induction is involved in the representation of relief
by contours.

Empirical Research

Empirical data directly concerning the process of map generalisation in relation to information density are scant.
The generalisation of cartographic information when reducing the scale of representation is a practical necessity. Yet ,
it seems that little experimental work has been done to verify that the procedures used are the most appropriate or to
identify those parameters of generalisation that affect map reading performance.

Cartographic researc h on generalisation has been mainly concerned with methods for quantifying existing general-
isa t ion procedures. Topfer and Pillewizer6°7 formulated the law or principle of generalisation, known as the Radical Law
or the Principle of Selection , w hich concerns the number of items that can be expected to be found on a newly compiled
map at a given sca le as compared to the number on the source map. It is expressed in its simplest form as:

nf = 0a V’M/ M f

where nf is the number (n of items on the newly compiled map (f)
na is the number of items on a source map (a)

Ma is the scale denominator of the source map
Mf is the scale denominator of the newly compiled map.

Broadly stated , since the reduction of area on a map takes place as the square of the ratio of the difference in linear
scales , the amount of information that can be shown per unit area decreases in geometrical progression.

Sukhov 415 applied Information Theory to analyse the content of maps at different scales. Formulae were presented
for estimating the information losses incurred from generalisation. Several comparisons were made to illustrate tlse method
including a comparison of the information loading of an Atlas (71.8 bits per I cm 2 ) and a book (3 1 .0 bits per I cm of a
line of text).  Measurements showed that despite considerable generalisation, information loading per unit area tended
to increase as map sca le was reduced . Srnka416 attempte d to quantify the principles of selection of information in
cartograp hic generalisation by expressing information quantity by the number of elements or the length of lines per
unit area. More recently, Vanicek and Woolnough~0’ and Beckett 60’ have presented mathematical formulations con-
cern ing the generalisation of linear data , t he former relating to digitised methods for automated cartography , t he latter
relating to the corrections required when measuring lengths of line features on maps at different scales.

W ith the exception of Sukhov475 ,quantitative methods reported in the cartograp hic literature have tended to he
concerned with the physical description of the graphic elements rather than with their perceived numerosity or com-
plexity. Fragmentation of the map content into elements fails to take account of the information that arises out of
t he unity, w holeness and structural properties of map contents. More complex quantification techniques that account
for the continuit , and w holeness of linear information and that could be applied to maps have been proposed elsewhere
by MacKay 51 . Frccinan 6 ’’ and Leeuwenherg bhi ,SD . Experiments on the subjective complexity of lines and patterns
show a considerable discrepancy bctweer ~ measured and perceived estimates of complexity or numerosity (Payne 6i4 :
(‘ahe6

~~; Kruegerbis i. Judgements of visual complexity may he made according to different principles by different
people (Payne 614 ). Fairly consistently, the number of symbols scattered on a surface is judged to he less than it really
is, and the closer the symbols are bunched the more pronounced this misj udgement becomes (Knieger~

6 ).
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The effects of information density on targe t detection have been studied in a variety of applied and experimental
contexts. It has generally been found that as the density of elements in the visual field increases the time to search for
and identify an object increases monotonicalty. However, t he relationship between information density and target
detection with multi-attribute stimuli is more complex and the injection of structural factors possessed by maps severely
restr icts generalisations from studies using other visual flelds.

The precise shape of the search/density function is disputed , it being either linear or logarithmic. Landis et al. ”3
found that with maps the curve is i-shaped . This is shown to be due to an interaction between colour coding and density;
w here density is low, colour facilitates search time and where density is high the advantage of colour is lost. Colour is
ut ilised in search to structure the visual field and reduce the area of search.

The effects of information density on map reading performance are task dependent. Lichte et al. 51 exam ined the
effects of chart scale and amount of information on aiming point identification in a scope reading task . hut failed to
find significant differences between low , medium and high information charts probably because these distinctions only
related to the general density of information and not to differences in information relevant to the task. (‘hristner and
Ray ’°3 showed that increases in the total number of targets on a map have different effects on performance with
different tasks . Under certain conditions, w ith counting and verifying tasks, performance tended to improve as the
tota l number of targets increased, because increased density permitted the subjedts to deal with groups of targets rather
t han single targets. Taylor and Hopkin iSI found that the density of cartographic information did not significantly
affect t he speech and accuracy of plotting grid references. However , greater density of cartographic information
around a pinpoint led to greater accuracy and less time in locating the pinpoint from topographical descriptions of its
position. Information Theory (Garner617 ), Signal Detection Theory (Swets”8) and Stimulus Sampling Theory (Neimark
and Estes6” ) have been related to search data on ‘pseudo’ maps by Hany and Shaw 224 .

Pattern recognition and pattern matching studies are relevant to task s involving the comparisons between maps
and the ground or other collateral material. Rush et al.21’ presented subjects with patterns from filled and unfilled
hexagonal cell matrices and required them to match four comparison patterns vary ing in complexity with a standard.
Four physical measures were used to predict matching performance-pattern length, two metrics of pattern density, and
a measure of the difference between the comparison and the standard. The results showed that the difference measure
was t he most highly correlated with response time; responses were quicker when the standard pattern was less complex
than the comparison than when the standard pattern was more complex than the comparison. These results suggest
t hat when a particular location or pattern (standard) is being sought in a dynamic visual field (comparison), that is, the
view of the ground outside the cockpit or on a sensor display, then generalised briefing aids such as maps will make
better ‘standards’ than say aerial photographs which are at least as complex as the comparison scene. The studies by

on comparative assessments of line maps and orthophotomaps, by Barratt et aI.MS on radar map matching,
and by McKechnie43’ on radar interpretation support this conclusion. Research is needed to determine optimum levels
of generalisation for matching tasks. However , knowledge of human perceptual processes, of the Gestalt laws, and of
t he effects of relevant and irrelevant information, suggests that maps designed and generalised to emphasise the most
salient and distinctive visual characteristics of the topographical surface, omitting irrelevant detail, should lead to superior
detect ion, recognition and identification performance.

81 VISUAL INTERACTION AND BALANCE

Design in graphics can be defined as the orderly arrangement of the parts to a harmonious whole (Yanosky 574 ). In
cartographic design, the map is regarded as a visual composition requiring planning, organisation and structure just like
a written paper (Robinson~0’; p.55). With maps the fundamental shapes and their locations are predetermined. Borders,
legends, and titles can be arranged in accordance with aesthetics, so that they “look right”, balanced around the “optical
centre” of the map, a point usually defined as about 5% above the centre of the bounding shape or border of the map
(Robinson and Sale’5; p.264). The arrangement of topographical features of pre4etermined location and shape is
restricted to an imaginary third visual dimension of visual importance, prominence or salience. Here, the information is
assigned to visual planes and the organisational hierarchy or balance of emphasis is arranged according to the functional
importance of the feature : the more important the feature, the greater is its visual emphasis and the “higher” is its
visual plane.

Efforts to achieve better visual balance and appearance have led to an increasing emphasis on the map as a whole,
rather than on the design of its component symbols. McCleary5°3 noted the difficulty of applying refined psychophysical
measurements to study the whole map, and Heath’4’ remarked that the simultaneous presentation of many principles
of visual design on a map reduced the impact and effectiveness of each one. It can also lead to difficulties in designing
sub-categories of information. Cues of visual depth such as overlapping areas can be used to try and assign items of
map information to different visual layers ,(Wood”~), although the interacting effects of maps make this effec t difficult
to achieve. Furthermore, relative changes in the functional significance of a symbol, associated with differences in the
background information, may ultimately conflict with ths principle of visual planes in two ways. One conflict is that ,
for information in close geographical proximity, it may be necessary to try and show it in the same visual plane so that
all the information is perceived at once as functionally related. Yet to do so implies that the related information must
be portrayed with more similar visual dominance than it might otherwise have, so that the individual items of related
information are not optimally discriminable from each other. The second conflict is that in theory any given cartographic
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category bridge, minor road, power transmission line, etc — should be in the same visual plane throughout, being por-
trayed in the same way. In practice , the dominance of a given symbol will be a function of the context in which it is
presented , a point that is particularly relevant to aeronautical charts exhibiting wide variations across different geographi-
cal regions. Power transmission lines, for instance may be visually on a dominant plane in a relatively featureless region,
but they would lose much of their visual impact in a region of concentrated artificial features, w here operationally they
may remain just as significant. This raises the question of whether the effects of visual interaction and the requirements
for balance justify progressive changes in the psychophysical properties of a symbol, such as weight or colour saturation,
so t hat the relative visual dominance of a given feature is retained as its surroundings change, and the flexibility in show-
ing functional relatedness (or lack of functional relationship) is increased between geographically proximal features.
The desired flexibility in specifying figure-ground ratios for optimum spatial structures, such as the range of 1:2 .18 to
1:3.56 given by Crawford’20 , has not been studied.

Some of the methods for achieving emphasis and for changing visual interactions on maps were outlined by
Saunders’21 , who subsequently described in more detail the control of colour (Saunders’22 ) in achieving desired carto-
graphic effects. These effects included not only legibility, balance, colour sensitivity, and the apparent visual distances
of colours, hut also more subjective aspects such as its aesthetic qualities, its attention-getting aspects, and connotations
of meaning. Dent ~~ described and illustrated a variety of techniques used in cartographic design to produce an organised
visual hierarchy among the map elements, including contrast variation, edge fuzziness or gradient, overlay and texture.

It is Important that considerations of visual interaction and balance are borne in mind throughout the evolution of
the map specification. In particular, decisions on what the map contents should be can lead to insuperable difficulties
in their portrayal if they are not considered in terms of their total quantity, visual impact , clutter , visual separability,
and scale. The choice of map sy m bols must take into account the compatibility of all the symbols, particularly those
for related features. Siebert and Dornbach’23 noted that layer tints and hill shading should not be decided in isolation,
but should be seen to be compatible with other features, such as drainage.

Sometimes in aviation, the requirements of the users clash with traditional cartographic practices in a way which
affects visual balance most of all. For example, it is normal in a topographical map to present the artificial features as
the foreground, with the background formed by terrain features: this is logical since the latter are everywhere and the
former are not. However , on certain aviation maps used in low level flight the terrain is the most important information
and logically should be depicted as the foreground and as more prominent. Also, on most topographical maps linear
features are visually dominant because of their linearity and because their functional significance requires this to be the
case. But in aviation maps point symbols, such as those for obstructions, may be of greater significance, but cannot be
made more prominent visually without emphasising them so much that their size or weight obscure other information
and lead to a reductio n in the accuracy of their location.

A principle which has to be followed in the interests of balance is to portray the information of least importance
with the minimum sizes, we ights, and cnntrasts necessary to ensure legibility at the intended viewing distances. The
reason is that this information determines the level of emphasis to be assigned to everything else. Thus, the lower it is,
the less clutter there will be, the greater the lightness and reflectance of the whole map, the greater the range between
the most and least dominant , the more flexibility in the use of contrast and in trying to derive various visual planes, and
the less competitiveness among the most dominant information. A tendency which the cartographer has to guard against
is his propensity, if a symbol has inadequate contrast , to remedy this by making the symbol darker, rather than by making
the background lighter. A further argument in favour of minimising the dominance of the least important information
is that ultimately it aids the effective portrayal of the most important point information by reserving exclusively for it
t he major contrasts available , particularly those employing saturated hues. Many of these principles of balance are dis-
cussed more fully by Keates ’20 .

Interaction and balance are greatly influenced by many advances in map display technology. The conservatism of
cartographers may effectively question new conventions until they have been proved, but may also mean that maps are
stow to adapt to changing needs. This characteristic , recognised by Wright”, has since become more pertinent. Many
of the techniques described by Honick’2’ in the production of maps for moving map displays imply distortions of¶ visual balance, So do techniques such as removing information and enhancing hill shading or emphasising ridge lines to
improve radar map matching (Barratt et al.3’”). Adding information to an orthophotomap (Smithi6S ) cannot normally
rep licate the visual balance of a conventional map, and would probably not he successful if it could. There is a tendency
to tackle the considerable cartographic design problems generated by numerous display requirements by emphasising
the level of symbol design to attain cartograp hic legibility rather than by viewing the map as a whole w ith its require-
ments for visual balance and selective contrast. Much of this emphasis is caused by the practical need to devise legible
symbology to obtain usable maps, coupled with a strictly limited time-scale for doing so. Longer term solutions require
that a satisfacto ry solution to the problem of visual balance must be found afresh for each new display type, using the
same considerations and techniques as for conventional maps to achieve an acceptable balance and visual appearance.

Sadly, it seems that the human factors literature has little to offer that is directly relevant to the structura l problems
of map design. Although various principles pertinent to visual interaction and balance , such as visual structuring, figure-
ground relationships , visual scanning, and selective attention, have been extensively studied in the human factors litera-
ture , the purpose has been to reveal and explain the mechanisms involved, and the findings suggest factors which could
be relevant to maps rather than explain exactly how they are relevant to maps. Their direct practical value in map design
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is therefore somewhat limited, to the extent that the applicability of the principles to maps may be debatable, and the
form which they take in maps may be unclear. Psychological experiments on perceptual structuring do not deal with
concepts as complex as visual balance in topographical maps, or as receding planes within a map (Wood ”5). Figure-
ground studies tend to deal literally with figure and ground, that is visual structuring into two planes. Practical guidance
on design for visual structuring into more than two planes, or on sub-dividing the visual structure within the figure or
the ground is not available.

The principles of perceptual organisation described by Easterby9’ as applicable to static displays should be relevant
to paper maps, particularly in regard to the relationships between meaning and structure . How far maps can be designed
to overcome the propensity, while searching, to decode irrelevant material (Landis et al.’93 ), has not been stated in
psychological terms. Dodwell’s625 model of perceptual clarity, w hich suggests that some form of autocorrelation is
involved as an aid in sequential processing, has not been examined in relation to maps. These, and other principles des-
cribed in the literature , are examples of perceptual frameworks or display principles which could be considered in relation
to maps. If they provided effective guidelines, then the rationales for cartographic practices and for perceptual principles
would both be strengthened. If they failed to do so, then the limitations of the claimed principles would be revealed,
and the understanding of some limitations imposed in achieving visual interaction and balance would be enhanced.

The extent to Which principles of map portrayal and structuring can be employed to guide visual search remains
unknow n, but evidence from other complex visual material suggests that searching can be intelligent in relation to its
aims. Items which are not informative may not be fixated, being discarded as part of a scanning process. Items which
are unusual or unpredictable may draw the gaze, and items which are recognisable but redundant may not be the subject
of fixations (Mackworth and Morandi233 ). The applicability to maps of such findings should be tested, and their conse-
quences for map design explored. They reveal some potential for controlling map use by map design.

_______ 
____________
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CHAPTER 9

HUMAN FACTORS DATA APPLIED TO CATEGORIES OF CARTOGRAPHIC INFORMATION

Optimum design solutions to information display problems are desirable from a human factors point of view , but
there is rarely a single optimum solution to the problem of how a particular cartographic information category should
be portrayed. Factors such as geographical location, map information content and density, map scale, the demands of
different tasks, different display media, and different physical environments for map usage all can be sufficiently
important to change the met hod of portrayal which must be adopted to satisfy particular operational needs. On
world-wide series and on multi-purpose maps the symbols used can rarely be optimum for all map sheets and all applica-
t ions. Therefore in applying human factors data and principles to ensure the effective portrayal of cartographic informa-
t ion, it is necessary both to assume that different circumstances may produce different design solutions, and to ensure
that if there are different solutions these must not be a source of confusion, misreadings or illogicality. In practice, this
means that while there may not be a single convention for portraying woodland, for example, different representations
must nevertheless all be sufficiently similar and logically related to be recognisable as indicating woodland, none should
be interpretable as depicting an unrelated information category, and no symbols for features other than woodland should
be so similar to woodland symbols as to be erroneously interpreted as meaning the same. Ideally, this should remain
true whatever restrictions on coding are imposed by such factors as map content , map illumination, black and white
displays, or poor image resolution. When there are many restrictions on coding, the consequent human factors problems
in finding the optimum method of portrayal on a given map may become insuperable, though it nevertheless remains
possible to obtain an adequate portrayal and to effect improvements by following human factors principles.

Various kinds of evidence support the view that the optimum map design for one usage may be far from optimum
for others. Osterhoff and McGrath’33 showed that the relative navigation performance with various maps was route
dependent , and they concluded that the relative effectiveness of different maps varied with the type of terrain. Phillips
et al.261 compared four relief maps, and showed that no single one was best for all users, but that the choice of map
greatly influenced the users’ performance. Special requirements for portrayal of terrain may be introduced by computer
maps ( Breme’26 ), by orthophotomaps (l-lill3°9 ’

516 ), by three dimensional maps (Jenks et al.’21) and by examining maps
stereoscopically (Gamezo and Rubakhin’28 ). Taylor ’00 identified the particular design requirements of maps for moving
map displays, whereas Barratt et at.Mi showed how these might differ when the map image was combined with radar.
The application of human factors principles to aid portrayal normally requires some empirical verification of validity.
This is not a substitute for job analysis or for user opinion but an essential addition to them, part icularly when many
uses are envisaged for a map (Hopkin’°), and the conflicting requirements make it difficult to evolve a satisfactory speci-
fication (Bennett et at. ’”).

Information on the relative importance of classes of cartographic information for different operational tasks ,
essential for determining the relative emphasis required by users, can be obtained from the following sources:

( I) Helicopter Operations: Wright and PauIey~” -- Discussion of the importance of features for helicopter low
level tactical maps: Barnard et al. - Ratings of the usefulness of features for helicopter day transit , day nap-
of-the-earth and night operations compared with how well they are shown on existing 1:50 ,000 series.

(2) Low Altitude , High Speed Flight: McGrath and Borden’2’ — Ratings of the visual utility of features for
checkpoints judged from films compared with the selection rate and ratings of the cartographic utility judged
from 1:500 ,000 and 1:1 ,000,000 scale maps: Murrell’3’ Proportions of features sekcted by aircrew for a
special purpose 1:250 ,000 scale map together with ratings of the importance of decisions to include the
features: Lakin~’° Rank orders of importance of features for inclusion on a 1:250 ,000 scale map for flight
planning purposes and for in-flight use.

(3) Night Operations: Taylor~’” Ratings of the importance of features for fixing positions during visual night
flights en route at low altitude in helicopter , transport and jet aircraft .

9a NATURAL FEATURES

Relief

Among natura •eatures , the portrayal of relief has received most attention and experimentat ion. Numerous
methods of portrayal have been developed including spot heights, contours, layer tints, shading, hachuring, perspective
drawings, and planimetrically correct pictorial representations. Methods of portrayal have to bear a logical relationship
to some classification of land forms or terrain. In one example of the use of sampling theory in delineating land forms
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(Wood and Snell’29 , quantitatively described landform regions proved to be similar to qualitative descriptions of the
same regions, when the quantification and grouping into regions was obtained by weighting six terrain factors, namely
average slope, grain, average e levation, slope direction changes, relief, and ratio of elevation to relief. The aspects of
terrain which have to be adequately portrayed for aviation purposes can be derived from task analysis, from which the
way in which the map should be used can be stated, for instance, to obtain relative or absolute height information, or
both, Symbology can then be selected to encourage its correct usage, and a classification of terrain suitable for the
envisaged tasks can be derived (Sherman’3’ ). Conventions used in portrayal can indicate the importance of the distinc-
tions being made, so that the visual prominence of a feature on the map is associated with its prominence from the air
(Chjchester 51 ). Whereas some guidelines can be proposed for the portrayal of terrain using various individual conven-
tions - hypsometric tints, contour lines, hill shading, spot heights, maximum terrain elevations, etc — their successful
integration into a coherent visual entity has been inadequately researched. In many respects, the portrayal of relief
remains a creative task , involving intuitive judgements of balance and emphasis and a striving for three-dimensional
pictorial quality rather than randomised representations of two dimensional features (Robinson and Sale’”).

L
Phillips et al.261 compared spot heights, layer tints and hill shading on objective tests of legibility but did not test

their interactions. Spot elevations were good for judgements of relative or absolute heights but poor for landform visual-
isation; contours were not particularly good for any interpretation task; hill shading produced good visualisation when
added to contours; layer tints were good for visualisation and for judging relative heights, but they were poor for
estimating absolute heights because of the difficulty of matching the colours on the map with the legend. Shaw and
Maclagen’3° compared contour lines with layer tints, for geochemical and topographical data. Layer tints were favoured
for geochemical data, which was more complex , and contours for topographical data which was more suitable for demon-
strating map structure. Methods for teaching the interpretation of contours have been studied by McGuigan’3’ and
Ling Chu Poh’32 .

On aviation maps, some subjective assessments have been obtained on the relative merits of different methods of
relief portrayal (e.g. Lakin’33’

340; Anon507 ; Taylor222 ) but these must be treated with caution as they are likely to
reflect personal prejudices as well as legibility criteria. The notion that the total image of the terrain should be planned
to convey the experience of structure and order was explored by Siebert and Dornbach’23 , who discussed layer tints in
conjunction with hill shading, and concluded that shading conveyed ambiguous depth information, was incompatible
with layer tints, and must be light if used at alt. For aviation maps, they preferred layers to shading, as being schematic
rather than pictorial and therefore more compatible with the map treated as an information system rather than as a
picture. In contempora ry studies, Freer’5’ described an experimental aeronautical plotting chart depicting terrain by
layer tints and spot heights only, and Williams’”’ compared the use of tints alone with the pictorial relief effects which
could be achieved by combining colour and shading.

Methods for portraying relief have been reviewed by Carmichael’35 ; lmhof’3’ ,637 ; Keates’”~ ,~~0 ; Robinson and
Sale°5 and Monkhouse and Wilkinson ’39 . Robinson and Sale’” differentiated between relief representation at large and
small scales. They argued that at large scales, the designer is concerned with representing the three major elements of
relief slope, elevation or height, and shape - by contouring, hachuring and shading. At small scales, the generalisation
is such that only the basic shapes and the important slopes and heights may be shown. Layering between selected general-
ised contours is more common on small scale maps, detailed hachuring is less common, and the essential characteristics
of regions are sometimes shown, such as flat plains, tablelands, and low mountains by area symbols, usually in colours,
e.g. terrain characteristic tints (Dornbach’27 ) are show n on the I: I ,000,000 Operational Navigation Chart (ONC).

Keates ’2° contended that relief has two main elements: elevation and slope. The shape or form of the surface is
determined by both the elevation and slope. Elevation is represented by spot heights, contours and layer tints; slope
information may be derived from contours and layer tints, but it is represented directly by shading and hachuring (line
shading). In combining these various techniques, the basic problem is to make the separate elements perceptible and
yet in harmony with each other. The most common combined systems are contours with shading, and shading with
layer tinting with or without contour lines. Combined with contours, shading tends to be used on the largest scales for
representing the major relief forms not readily apparent from the contours, on medium scales for reinforcing the forms
shown by contours, and on both large and medium scales to supplement contours by portraying forms that fall within
the vertical interval. Combinations of hilt shading and layer tinting are more common on small scale maps.

Keates pointed out that the two techniques are essentially incompatible in that value changes due to layer tinting
• tend to introduce apparent differences in the darkness of shading and hence steepness of slope. Layer systems based on

the princ,ple of “the higher the darker” are difficult to combine with shading in order to achieve adequate contrasts for
• steep slopes at high elevations where they are most common. According to this argument , the principle of “the lighter

the h,gher” should be preferred in combination with shading. Smooth colour progressions are also preferred to minimise
the interruption of the slope shading caused by the layer “steps”. Shading affects the perception of layer tinting by
making the layers look darker and hence higher or lower depending on the system , and by reducing the colour contrast
between adjacent layers. For this reason, shading should be kept as light as possible. What represents an acceptah le
combination of layer contrasts and shading density is in practice a matter of design judgement.

Subjective data on aircrew preferences for 1:250 ,000 scale topographical maps supported the combination of
layer tints with hill shading of moderate to low intensity, rather than hill shading without layers. Most of the research
in this area has been concerned with relief representation on the Joint Operations Graphic (JOG ) 1 50 I-Air Series.

__  _ _ _ _ _ _ _ _ _ _  
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A questionnaire survey of user opinions on prototypes for the JOG (Anon 507 ) showed that 8 I’~ of the aircrew respond-
ents preferred a layered version with standard hill shading, whereas only 14% preferred the unlayered version with
darker hill shading. Taylor 222 obtained subjective scaling measurements from aircrew on the suitability of eighteen
1:250 ,000 scale maps, including JOG prototypes , for low altitude high speed flight. Generally the pilots preferred
maps with layer tints and hill shading to the same maps without layer tinting but with hill shading. They preferred maps
with layer tints and without hill shading to the same maps without layer tints and with hill shading. It was also found
that darkening hilt shading did not make maps without layer tints more acceptable With regard to relief portrayal on
1:250 ,000 scale maps, 72’~ of aircrew in Lakin’s633 sample considered contours essential , 46% considered laycr tints
essential , and only 10% considered hill shading essentia l.

Spot elevation were assumed by Lakin to be essential. In a later questionnaire study (Lakin 5’0), 73% of aircrew
indicated that they used contours rather than spot heights to obtain height information on 1:250 ,000 scale maps and

• t he “fiat appearance of layering” was judged to be the most serious of sixteen specified criticisms of the JOG series.
During low altitude operations at night, Taylor348 found that contours were used comparatively frequently by aircrew ,
but the actual contour values were referred to relatively infrequently, indicating that obtaining information from con-
tours on the shape of the terrain rather than on its absolute elevation was probably more important. Relief shapes and
profiles were rated more important than spot elevations for fixing positions.

Spot Elevati ons

The absolute height of selected points on aviation maps is shown by spot elevations. A principal function of spot
elevations is to facilitate the calculation of minimum ground clearances and safety altitudes in flight. Consequently, to
help this task they should not be shown indiscriminately, for instance on the sides of slopes or in flat areas. They should
be selected to show the highest elevation of general areas irrespective of their visual prominence on the ground (critical
spot elevations) and they should indicate prominent features that dominate the ares , su~h as hills, tops, knolls, passes

and saddles (normal spot elevations). The highest spot elevation on the sheet should also be shown, with special
emphasis (e.g. boxed). Surface elevations of large takes may be shown for calibrating radar. Maps vary in the success
with which the selection of spot heights meets the requirements of the user. This is because only broad guidelines on
their selection can be given and the choice of elevations is a matter of judgement by the cartographer.

Elevations are shown in feet on aviation maps because aircraft altitudes are normally calculated in feet. Aircraft
altimeters display height in feet. It is important that the accuracy of spot elevations should be known to the user.
Generally, it is sufficient to specify in the margin the limits of accuracy of the spot elevations (e.g. ± 100 feet). Spot
elevation that do not meet these criteria (interpolated elevations) should be identified on the map by some form of
visual coding (e.g. ± after the value). Variations in the size of the digits should be used to indicate different classes of
elevation, such as between normal and critical heights. The most critical and least frequent should be in the largest
size. Six or eight point type (Bold Copper Plate Gothic Italic; 1.52 to 1.78 mm) is used on the JOG for normal spot
elevations, whereas twelve point type is used for critical elevations. Taylor ’00 tested the legibility of spot elevations on
the JOG under direct (paper map) and projected map display viewing conditions. He found that eight point type was
adequate if shown in cleared boxes, but if contrasts were poor 10— 12 point type was necessary for acceptable legibility
at a normal (480 mm) viewing distance with no image magnification.

Boxing major elevations and clearing the background of detail is likely to increase conspicuity and reduce search
time. By reducing clutter and maximising contrast , it is also likely to improve legibility, particularly with “the darker
the higher” layer systems. Bridgman and Wade’3’ found that boxing improves the readability of digits irrespective of
the number, size and spacing. This is probably because it integrates the individual elements, similar in effect to the
Gestalt principle of unity. For maps viewed at normal viewing distances, Taylor’00 recommended boxing snot heights
and using bold colours to maintain adequate contrasts, medium stroke widths, medium to wide spacing. I: I height
width rates , and upright, sans serif (Gothic) typefaces.

The location of spot elevations should be unambiguously indicated, preferably by a small dot close to and at a
standardised orientation with respect to the digits (e.g. bottom left). The placement of the digits should also be guided
by the need to avoid obscuring important local features and by the location that gives the highest contrast.

On most topographical aviation maps the importance of spot elevations has been reduced by the introduction of
maximum terrain elevation figures (MTEFs) or, more recently , maximum elevation figures (MEFs). The latter include
man-made obstructions located on top of hills, such as radio masts. These figures are normally shown for m~ or grid
quadrangles and centred within each area. Two digits are normally shown; one in a large typeface (42 point on JOG)
to indicate thousands of feet ASL, and one in a smaller typeface (30 point on JOG) to indicate hundreds of feet ASL.
Open face founts have been used to minimise clutter, but their legibility has been criticised by aircrew and they have
been subsequently replaced by solid bold numbers on recent editions of the Series 1501-A Joint Operations Graphic.

Contours

Contours are lines of equal elevation that divide and classify the surface into a series of areas within intervals on a
range of elevations. Like spot elevations, contour values are given in feet on aviation maps. Whereas each individual
contour has a specific meaning indicating height above sea level, the primary function of contours is collective (Keates~°).
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More than one contour is necessary to determine the elevation of points not actually on contours. By their spacing and
orientation on the map, they convey a visual impression of the form of the surface , indicating level areas by their infre-
quency or absence and showing steep slopes where they are close together. Perceiving the shape of relief from contours
relies heavily on gestalt principles of perception and on the ability to integrate and utilise highly schematic cues.

The vertical interval between contours directly influences t heir effectiveness. Equal intervals on the same map are
necessary in order to estimate spot elevations and to give a consistent impression of form and slope over different regions.
Ideally, large contour intervals are preferable in areas with steep slopes in order to prevent clutter, and only small intervals
to show relatively small variat ,ons in elevation in comparatively flat area. Selecting the most appropriate interval is par-
ticularly difficult with map series covering different regions of the world with large variations in the slope of terrain.
The need to prevent clutter and obtain some separation between contours in mountainous regions means that most
medium and large scale aviation maps use comparatively large contour intervals. As a result , in relatively flat areas the
contours are widely separated and difficult to relate visually. Thus, standard contour intervals on aviation maps tend to
give a poor representation of the form of the surface in nearly level or undulating terrain. In medium and high altitude
flight , this ,s not an important problem. Here, the aviator flying VFR will be concerned only with major land-mark
features. But in low altitude flight, quite small mounds and hillocks may be useful navigation features. Under opera-
tional conditions small hills and shallow valleys in otherwise flat terrain can give valuable cover against visual and radar
detection. For these reasons , topographical maps intended for low-level navigation should be designed with a smaller
interval between sea level and the first contour than between other contours. Also, accurate or imaginary supplementary
(intermediary, auxiliary) contours coded differently (e.g. broken line) from standard contours should be added to show
important , small , re lief features that fall within the standard contour interval. This meets the user requirement for both
types of terrain without creating unnecessary illusions of slope. In fact , there is evidence to suggest that visual exaggera-
tion of relief features facilitates map reading with three-dimensional maps (Jenks and Caspall225 ). Knowledge of the
perceptua l processes involved in pattern recognition indicates that some exaggeration of critical features facilitates
memor isation and subsequent recall and recognition. A false impression of slope can only be a serious problem if it
leads the observer to expect a more shallow slope than in reality. Supplementary contours and reduced contour intervals
w ill tend to give a “safe” impression of exaggerated slope.

Contours, like all line features, need to be coded in colours that contrast well with the map background. Most
contours are shown in brown. h igh contrasts are particularly important for contours because their line widths are excep-
ionally thin compared with other line symbols. Index contours (0.2 mm on JOG), represent ing major elevations tend

to be thicker than the standard line (0. 1 mm on JOG) but substantially thicker line widths are undesirable because of
clutter , part icularly on steep slopes. Taylor ’00 found evidence of poor legibility under normal viewing conditions for
standard contour lines on the JOG and concluded that line widths of 0.2 mm were probably necessary to maintain
legibility tinder cr,tical viewing conditions. The legibility of contours tends to be poorest on layered maps with hill
shading because of low contrasts. Where other information is dense, breaks in their continuity interfere with contour
trac ing. Interruption and elimination of contours is also common in built-up areas and it is sometimes necessary on the
steepest slopes to achieve some visual separation. The fineness of contour lines means that they are difficult if not• impossible to resolve in most projected and CR1 map displays.

Contours are numbered on aviation maps partly to determine absolute elevations and partly to indicate the direction
of slope. Other cues to slope can be used, such as streams and hill shading but these are not always reliable or available.
The orientation of contour num bers should correspond with the reading direction of the observer. Whereas, on wall
chart s the alignment should be as near to the normal reading direction as possible (i.e. horizontal), on maps used ~n• flight and normally oriented to track horizontal alignment is unnecessary and the numbers should be placed to read
“up the slope”. 1 hus, oriented to track inverted contour numbers will always indicate falling slope.

(‘ontour numbers should be distributed on the map in accordance with the need to consult them. Frequent
number,ng causes unnecessary clutter. Isolated contours can be traced with comparative ease to determine their value.
On close contour patterns , the value of a given contour can be determined by counting vertically from the nearest
numbered contour. Therefore, contour numbers should be included in each major slope area, preferably on the index
contour , or w ith a frequency commensurate with the ease of counting the lines. In areas with few contours, where
counting vertically is more difficult because of the complexity of the pattern individual contours frequently double
back most contours should be numbered , but the lateral distance between consecutive numbers can be large

On the interpretation of contours by aircrew, McGrath339 emphasises the importance of careful study during pre-
flight planning. Contours are often shown in muted colours, he suggests, because they are designed primarily for pre-
flight rather than in-flight study. In addition to indicating features of visual significance for the aviator , such as saddles,
escarpments and valleys, contours should be used to identify areas of no radar return, somet imes interpreted as bodies
of wste r, but due to shadows caused by relief obstructions. Estimates of the detectability of visual checkpoints at low
level should he based partly on contour information, Supplementi’ry or auxiliary contours should be given attention
because they usually indicate relief features of particular land-mark significance. Pilots should also be aware of the fact
that a small circular standard contour does not necessarily represent a good checkpoint feature; it may simply mean
that the area within has risen slightly above or fallen below the contour value. Two concentric circular contours are a
more reliable guide to the presence of a significant slope.
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Laser Tints

The classification of the surfaces on small scale maps ( 1:250 ,000; 1:500 ,000) into hypsometric intervals coded by
layer tints provides the map user with information on both the elevation and slope of relief. Two major design problems
are normal ly associated with layer tints: the selection of the layer intervals , and t he choice of layer colours. Although
eac h layer tint represents a particular elevation interval aiid could in principle be identified on the map as having a

• spec ific meaning, t he m ain requirement of layer tinting is to convey information on relative rather than absolute eleva-
t ion and to emphasise elevation differences, e.g. basic shapes and patter ns, re lative highs and lows, ridges and valleys ,
hills and plains. (Taylor’02 ). l)ecisions regarding layer intervals and colours are normally guided by this requirement.

Whereas contour intervals need to be constant on a given map to facilitate accurate interpretations of absolute
elevations , t he vertical interval for layer tints should vary in accordance with the operational significance of the elevation
difterences or changes. In flight at low altitudes , sma ll changes in elevation are more important at low elevations than
at high elevations and the method of representation should encode these differences. Intermediate or supplementary
contours can be used to show small but operationally significant elevations , but layer tints with varying intervals achieve
t his more effectively without causing clutter and without seriously interfering with the representation of absolute
e levations . Keates ’2° d istinguished four interval systems: equidistant , equidistant and supplementary, irregular, and
progressive . Wright 363 recommended a geometric or cyclic linear progression of elevation intervals for low level maps
so t hat high mountainous regions are divided into fewer classes containing a greater elevation range than relatively level,
low lying areas. An equidistant interval scale would show few layer tint changes in areas of low ground and numerous
changes on mountain slopes. Most topographical map series use progressive elevation intervals with an open-ended
“greater t han” . . . layer at the top of the scale. In a world-wide series, the mapping may be divided into major geograph-
ical regions of altitude range, w ith different progressive elevation intervals to facilitate the local interpretation of relative
relief . Equidistant layer intervals are more likely to be used on large scale mapping(l :50,000; l:25 ,000) of small areas,
such as Approach (‘harts , where the range of elevations on a given sheet is comparatively small and where a given change
has similar operational significance at all altitudes.

Keates ’2° identified four problems relating to the selection of colours for layer tints:

( 1)  1~here is a need to design a progressive series of colours in which the steps are evenly balanced and perceptibly
different for small areas without being overpowering for large areas .

(2) Elevation is a continuous dimension whereas the classification of the surface into layers introduces discrete
steps and hence discontinuity. The greater the contrast between layers the greater will be the interruption of
cont inuity.

(3) The colours chosen affect other symbols on the map, and should influence their design.

(4) Most of the cultural information on maps is in low lying regions and the layer system should be designed to
minimise interference where other information is densest.

Irregular , spectra l and value systems of layering were distinguished by Keates ’20 . Irregular systems max,mise
chromatic and brightness contrast at the expense of visual continuity and progression. Spectral systems follow the
spectral order of hues — blue, green, yellow, orange, red — for increasing elevations with no progression in brightness or
va lue. Value systems order the hues on the basis of value, usually arranged as the “higher the darker” to max imise con-
trasts for cultural information at low level.

Miller et al.’2 favoured a logical gradation of hypsometric tints within a single hue for aviation maps. Crook et al.’°
and Taylor’02 recommended a single hue (green), value’progression for layers on maps for use under red cockpit lighting.
1940 and 1950 series of 1:250 ,000 and 1:500,000 RAF topographical maps used value progression within a single hue
(purple) for maps to be viewed under red illumination. Later UK series and the ICAO I : I ,000,000 World Aeronautical
Chart used sepia, brown and buff tints, progressive in value but largely within the same hue. JOG, TPC and ONC series
use a mixture of spectral and value systems. Bishop et al.’2’ recommended using increasing densities of brown for relief
on a helicopter pilotage map for marine assault operations, whereas Wright and Pauley TM’ preferred a mixed spectral and
value s)stem similar to the JO(, for Army helicopter low level navigation, because combined with hill shading this gave
a more “pictorial” representation.

In a study of the mixed value and spectral elevation tint system used on the 1:250 ,000 Joint Operations Graphic,
hlopkin”° found that subjects had serious difficulty sorting samples of the layers into the correct order, and that they
were unable to identify the tints reliably without confusion, even with prior knowledge of the scale. In a further series
of experiments (TaylorMi ) comparisons were made of JOG layer tint scale and the progressive value system used on
Ordnance Survey 1:250 ,000 Series. The results showed that the mixed spectral/value system produced inferior perform-
ance on a terrain profile matching task and on a task requiring subjects to identify relative highs and lows in ordered
sequences of the layer colours. Another experiment showed that the efficiency of different value systems of layering
using slightly different hues was dependent in part on the brightness range of the scale: scales with large brightness
ranges and highly disenminable steps produced better performance than scales with small brightness ranges and moderately
differ.mtiated steps. Non-linearity of the chroma dimension at the transition between hues interfered with performance
when non-additive printing techniques were used. It was suggested that additive printing of hues was preferable because

• it ensured linearity in chroma.
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Kempf and Poock500 showed that layer tints facilitated the determination of spot elevations but interfered withgrid referencing performance. Significantly more time was taken to locate grid references on layered maps compared
with unlayered maps. The range of brightness or value for a given layer tint system should be determined by minimum
contrast required for overlayed information, such as spot elevations and grid notations. Taylor”2 recommended that
the contrast difference between overprint and background should not fall below 45%, for overprint information codedin dark colours (blacks , blues) reflecting approximately 5% of the illumination.

Hill Shading

IIiII shading uses variations of light and dark hues to create differences that give an exaggerated three-dimensional
impression of the slope and form of the relief. On some maps, t he perception of slope and form is augmented by tex-
tural cues provided by line shading or hachures . h ill shading is based on the principle that lighting a three-dimensional
surface will produce different amounts of illumination on different slopes. The assumed illumination may be vert icalor oblique. Vertical hightin~ maximise s illumination on horizontal surfaces, leaving them white and unshaded. It
minimises illumination on iertical surfaces and varies the illumination of sloping surfaces, in accordance with their
inclination from the vertical . Shading from vertical illumination produces the logical progression “the steeper thedarker”. Oblique lighting produces more illumination on the sides of the surface facing the light sources , convention-
ally from the Northwest on maps, than on sides facing away. Level areas are shaded with an intermediate grey, steep
slopes facing the source are shaded lighter and i~ay be left white , steep slopes facing away from the source are shaded
darker than the intermediate grey.

The intrinsic sources of ambiguity or confusion associated with hill shading methods were described by Yoeli”3,who was concerned with the merits of shading according to vertical, oblique, or combined illumination. He noted that
a clear and natural appearance, most closely resembling reality, was associated with the unfamiliar perspective derived
from the conventional Northwest lighting source. In a subsequent paper, he developed the theme of using the colour
of the map to convey the colour of the earth’s surface pictorially, and suggested how such a convention might be
integrated with hill shading (Yoeli”’).

True oblique shading conveys additional information about the slope and form of relief by distinguishing between
slopes facing the light source and slopes facing away. However, by shading level areas it tends to make acceptable con-
trasts for overprinting more difficult to achieve. DeLucia”5 tested the effects of hill shading on the legibility of other
non-relief map symbols and found that the inclusion of hill shading increased the time taken to locate and count over-
printed symbols. Contrasts are an important factor in map legibility and wherever possible they should be maximised
by minimising the use of area colours such as shading, and, where area colours are essential, by making them as light as
possible.

Vertical illumination was preferred by Miller and Summerson~
2 for aviation purposes because whereas oblique

shading was “impressionistic”, vert ical shading or “slope zones” give a continuous gradation of tints directly related to
the degree of slope. They also argued that the effect of oblique shading was dependent on the orientation of the map
whereas slope-zone maps were omnidirectional. Wright and Pauley34’ pointed out that for Army low level purposes,
oblique shading was highly conducive to disorientation and a possible hazard to flight due to a reversal of relief percep-
tion (ridges perceived as valleys) that tends to occur when the map is viewed at orientations other than north-up. The
addition of layer tinting reduces the likelihood of reversals of shading perspective. Several slope-zone maps were
produced by Miller and SummersonM2 with four slope-zone categories readily distinguished by the eye; eight distinc-
tions were regarded by the authors as approaching the maximum that could be reliably discriminated and identified.
Angwin” argued that a benefit of slope-zone patterns was their persistence over a wide range of map scales in a way
which facilitated recognition of patterns despite large changes of scale.

The frequently voiced criticism of oblique illumination that the pattern of “shadows” rarely matches reality may
be relevant to flight at high altitudes where the pattern is not perceptible. At low altitudes, two dimensional pattern
matching is not possible because of the oblique perspective view of the terrain and matching is more likely to be based
on the perceived shape and form in three dimensions, which is independent of the direction of illumination.

Keates~° pointed out that vertical illumination has the disadvantage that very steep slopes cannot be represented
effectively by shading because they do not occupy sufficient area on the map to be distinguished by the observer.
There is also a lack of continuity between isolated features separated by unshaded areas. According to Keates ’2° the
more desirable system used in practice , combined illumination, incorporates the desirable features 01 bath techniques.
Level areas are left unshaded, and all sloping areas are shaded with darker shading on slopes facing away from the
oblique source and lighter shading on slopes facing towards the source.

Hill shading is often shown in grey. This enables it to be distinguished from layer tints usually coloured buff or
brown, and allows the shading to be discriminated as a separate though related image. Some authors have argued that
hill shading should be better integrated with other relief codings. Tanaka” proposed a method of illuminating contours
by oblique lighting to give an impression of shading. The result is highly effective but it is difficult to achieve graphically.
For an example see Robinson and Sale’t p.183. The point raised by Harris’5’ on the influence of the colour of shading
was followed by Carmichael”’, who concluded that the use of shaded layers with contours gave a better impression of
relief when the shading was in the same colour as the corresponding layer. Whereas Carmichael’s approach was to flout
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convention by introducing innovative colour usage in a restrained way, Wilson”8 claimed that terrain on charts could be
shown more effectively by changing the gradient tints and by using black shading. Curran” preferred pencil shading
for relief portrayal.

In practice , most topographical aviation maps use grey oblique shading based on a flexible North-West lighting
principle, to enable some shading of North-West orientated features. Level areas are unshaded to maintain contrasts for
other cultural, natural and artificial information. The transition in shading from shallow to steep slopes should be
gradual. The density of shading should be determined by the need to maintain discriminability of spot elevations,
contours and layer tints when they are used. Dense hill shading tends to dominate the map image giving a highly
exaggerated impression of terrain coarseness which may lead to undesirable, false expectations of the terrain shape.

Hydrography

Hydrographic features include the sea, coastline, estuaries, rivers, streams, canals, lakes, reservoirs, marsh and
swamp, that is all features, both natural and man-made of which water is a constituent part. The portrayal of hydro-
graphy on aviation maps is superseded in importance only by relief and aeronautical information (McGrath339 ). Its
high importance is due to the fact that hydrographic features are often the only permanent interior geographical
features on the map and because of their visual prominence when viewed from the air. The size and contrast of major
hydrographic features (coastlines, rivers, lakes) make them highly visible from the air, and their complexity of shape
and pattern allows them to be identified accurately as visual checkpoints. McGrath and Bordenh2i found that water
bodies and watercourses were rated by aircrew as the most useful and dependable classes of features for checkpoints
at low altitudes. At high altitudes, only paved roads and railroads were judged to have greater importance. Whereas
at low altitudes watercourses and lakes are often obscured by relief and vegetation, McGrath and Borde&2’ suggested
that the greater importance of hydrography at low altitudes may stem from the pilot’s preference for natural features
rather than cultural features as dependable checkpoints. Water features also provide valuable information on the slope
and shape of relief.

Barnard et al.’29, Bishop et al.’26 , and Wright and Pauley 34’ all endorsed the importance of hydrographic features,
particularly small streams, for navigation at low altitudes in helicopters, At night, coastlines, bodies of water and large
rivers, in that order, were regarded as the most important topographical features for fixing positions en route at low
altitudes, in fixed and rotary wing operations, largely because water surfaces either reflect light or appear as dark areas
depending on the ambient illumination (Taylor268). Coastlines and large inland bodies of water are important check-
points for radar navigation because of the lack of radar reflectivity and should be prominent on maps for radar-map
matching (Barratt et al.345 ).

On topographical maps hydrography is normally represented in blue. This convention is probably too entrenched
to be changed, even if evidence existed (which it does not) that a change would be beneficial. Depend ng on the scale
of representation and the specific feature, hydrology may be shown by point, linear or area symbol... River names are
also shown in blue. For point and line symbols, a saturated (high chroma) dark blue is required that contrasts highly
with white, and with layer tints usually buffs or browns. Large areas of water (estuaries, seas and lakes) may act as a
background for other overprinted information and their contrast requirements necessitate the use of light , desaturated
or screen blue tints. This introduces at least one visual discontinuity somewhere between the headwaters of a river and
the ocean it ultimately flows into. Casing of large rivers and bodies of water may be necessary to emphasise their shape
when they are coloured in light blue. Casing should be in a saturated dark blue, to contrast with the blue infill.

Man-made waterways are normally distinguished from natural hydrography by their comparative regularity. Shape
coding of lines (peckings, interruptions) may be added to distinguish seasonal rivers and the limits of tidal variation~(broken lines) from permanent water courses (continuous lines), and to distinguish between types of canal (navigable,
non-navigable, disused) and types of aquaduct (under ground, over ground). Repeated point and line symbols coded in
blue should he used to distinguish between swamps and marshes. Swamplands may present problems of depiction on
aviation maps, where the primary concern is whether they look like land or water from the air . To use too much blue
in depicting may lead to uncertainty about where a coastline actually is, or how a delta estuary is likely to appear from
the air. A further problem occurs with impermanent ice, which, being transito ry, cannot be mapped, but a convention
is needed to show its impermanence. Maps do not normally portray a direct relationship between water and permanent
ice, to the extent of showing them as the same substance, but maps follow the more pictorial conventions of depicting
ice usually as white , in so far as this is compatible with other conventions.

Coding of ocean depths may be necessary on maps for maritime operations. Bathymetric contours are normally
shown in dark blue to contrast with screened or desaturated sea blue; bathymetric tints, if shown, should be coded in
sc reenings of blue on the principle “the darker the deeper”. Light blues for sea on some map series may fail to give
adequate contrasts for coastlines when land mass or first layer interval is white. This can be overcome by vignetting of
coastal waters or by colour coding the land mass, for example with a first layer interval in green.

The main design problems with hydrography on aviation maps concern generalisation and classification. In regions
wit h numerous small lakes the cartographer must decide what lakes to exclude on the basis of size and to judge the selec-
t ion to represent correctly the essential characteristic of the region, e.g. numerous small lakes. Small isolated lakes may
be visually significant from the air but the scale of the map may prevent them being accurately represented and they
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may need to be exaggerated in size or omitted altogether. McGrath and Borden ’2 ’ showed that the selection rate for
bodies of water on three mijor aeronautical charts was far lower than their visual utility would warrant.

In representing coastlines and the shape of large lakes, the visual utility of these features means that the cartographer
should make a special effort to show significant configurations even if the scale must be exaggerated.

McGrath33’ argued that most aeronautical charts portray far more streams than can be used in high speed low
altitude flight. Streams may be detectable , but their frequency and indistinctiveness may make them impossible to
identify positively as position checkpoints.

Vegetation

A complex symbology has evolved on maps to depict vegetation (McGrath’50 ; Keates ’20 ). Various small repeated
symbols, usually colour coded in green, have been used to distinguish between different types of vegetation, e.g. bush,
dense bush, orchards, deciduous or coniferous wood, and meadow . On aviation maps only relatively permanent vegeta-
t ion can be of practical use for navigation aid even woodland must be treated more circumspectly than other natural
features, particularly in regions where woodland is a crop. Even the largest and most distinctively shaped woods can be
cut down between revisions of a map sheet.

The main requirements for vegetation on aviation maps are for orientation purposes — indicating general land
cover , distinctive patterns and landmark features, possible obscuration of other checkpoint features, e.g. rivers in jungle;
and for tact ical purposes - - indicating ground cover that might be used to avoid detection during helicopter operations,
and showing likely barriers and funnels for movement of ground forces. Tall trees on hilts might be considered to be a
safety hazard to low flying aircraft .

The importance of vegetation for visual refere’icing varies in different parts of the world. McGrath and Borden’2’
did not include vegetation in their study of visual checkpoints because in the Sierra Nevada foothills of Central California,
the area of their study, vegetation was sparse and indistinctive when viewed from the air. Yet McGrath33’ noted that in
other areas of the world, such as Europe, distinctive patterns of stable woods are useful aids to low-level navigation.
However extensive , dense afforestation, such as the jungles of SE Asia, may he as unhelpful for visual referencing as
thin, sparse scrubland. It is the clarity of the edges, boundaries and shapes of woodland rather than their interiors that
carries accurate locational information.

To meet the needs of air users, vignetted vegetation symbology has been developed for use on the JOG and TPC
Series. This has the advantage of depicting small woods in a solid green tint and emphasising only the boundaries and
clearings ot large woods, leaving their interiors clear apart from small repeated t ree symbols. The alternative to vignett-
ing, more common on land series and older air series, is to use a solid green tint, but in mountainous areas this reduces
contrasts and tends to “flatten” the three-dimensional impression of hill shaoing. Contrasts for contours and layer tints
may also be reduced below the minimum required for discrimination under operational conditions. Overprinting green
also changes the colour of layer tints and makes comparisons difficult between the wooded and clear areas. A light
green tint may be used to minimise the effects on relief contrasts, but this tends t~ snake the wood boundaries less
perceptible and they may have to be emphasised by casing.

Taylor’09 compared cuUivation and forest symbols on a standard and experimental lOG Series sheet measuring
times and errors on a symbol identification task . Cultivation on both maps was shown by a regular pattern of small
green dots. Making the dots larger and increasing their separation significantly improved (p <0.05) their legibility on
the experimental map under degraded (projected image) viewing conditions. Forest on both maps was shown by vignett-
ing with repeated tree symbols. Increasing the size and spacing of the repeated tree symbols o~ the experimental map
reduced, though not significantly, the numbers of correct identifications of forests under non-optimum viewing condi-
t ions. Forest symbols on both maps were assessed at below average legibility judged by the percentage of correct

• identifications. It was concluded that poor edge contrasts accounted for the poor performance with both types of
forest symbols, and that all vegetation symbols using repeated symbols were only marginally legible.

4 Taylor’5’ reported an experimental comparison of five types of wood symbols printed on a TPC extract sheet: —
(I) Uncased narrow green vignette, fading to a cleared interior with repeated tree symbols.
(2) Broad green vignette, fading to a cleared interior with repeated tree symbols and green casing.

-: (3) Light green solid tint with green casing.
(4) Broad green vignette fading to light green interior with green casing.
(5) Dark green solid tint with green casing. -

Forty subjects were tested on their ability to recognise wood shapes (wood recognition) and base map detail (bdse
recognition) with all five types of wood symbology compared with performance on the base map with no woods pattern
and on the woods pattern alone in a solid green tint with no base map (experimental controls). The results showed a
performance decrement on both tasks with all the symbol types compared with the experimental controls. Response

• times for woods recognition increased by an average of 300% compared with 135% for base recognition. The pattern of
results for individual symbols broadly agreed with what would be expected on the grounds of ink saturation, brightness
and colour contrast. The .,lid dark green tint was best (or woods recognition, the l~ht green tint was wont, closely
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followed by the narrow green vignette . On base recognition , the light green solid produced the best performance and
t he narrow vignette was worst. It was concluded that the relatively poor performance of the narrow vignette symbol was
part ly determined by the increased clutter caused by the effective doubling of edge contrasts with this kind of symbol,and part ly by poor figure-ground segregation.

In complex patterns , such as woods on maps, good figure-ground organisation is important. With vignetted symbols ,it is difficult to distinguish the areas that lie within the woods from the areas outside . The woods interior is only defined
by repeated tree symbols. These symbols are indistinctive and lack the perceptual qualities needed to integrate the woodshapes into a coherent , stable ‘whole’. Perimeter vignetting may work well with relatively simple, regular shapes such as
contro lled airspace , but the technique seems to possess too much ambiguity for complex wood shapes.

Vignetted symbols therefore seem to have serious disadvantages compared with solids for portraying wood patterns,and their advantages in terms of improved legibility of other information have yet to be demonstrated empirically. Asensible compromise between the requirements for woods and relief representation would seem to be to omit extensive
woods on high ground, emphasising the more important relief information — as allowed for in the TPC specification —
and to portray individual woods in solid saturated , light green tints elsewhere , but only where they are comparatively
small and isolated (Wright and Pauley M9; Taylor 159 ). Numerous individual woods in a small area are likely to be con-
fused. Casing of light green solid tints may improve the perception of edge boundaries, but introduce undesirable clutter .The value of casing woods symbols needs to be checked empirically. W hen unsymbolised woods cover large land areas
notes such as “Generally Forested area ” should be overprinted on the topographical base for general orientation pur-
poses and to avoid confusion.

The high degree of selectivity required for vegetation representation on aviation maps means that particular attentionmust be given to classification, delineation and generalisation. Edge boundaries are often transitional, difficult to urvey
and difficult to recognise from the air. Dense woods, with well-defined boundaries and distinctive shapes (e.g. the 1
wood) are more likely to be useful in flight. In generalising vegetation, the cartographer should seek to emphasise the
dintinctive shape characteristics , even at the expense of scaling accuracy, so that memorisation, recognition and identifi-
cation are facilitated.

9b MAN-MADE FEATURES

The significance of man-made features on aviation maps need not bear a close relationship to their importance for
map users on the ground. However, the selection and representation on maps of man-made features is strongly influencedby conventions which reflect their significance or utility for the map user on the ground who encounters them directly
at close quarters. From the air, features may merely be glimpsed, particularly in high speed low level flight, or seenthrough haze from a distance. Ve rtical features can appear prominent when viewed from the ground, but may be hard
to see at all from high altitudes. In low altitude flight , the importance of vertical features depends on their visibilityrather than on their absolute height , which are not always related (e.g. tall buildings in cities) and on the extent to which
they are a physical obstacle and a safety hazard (e.g. pylons). V iewed from the air , t he pattern and sequencing of man-
made features are often more important for visual navigation purposes than their functional classification (e.g. classes
of roads). Thus, t he generalisation and selection criteria tend to be more important determinants of their visual utility
than coding differences between classes of features. Some functional distinctions may be needed for tactical decision
making and targe t designation but these tasks are normally carried out on different large scale maps from those used for
v isual navigation purposes.

Differences between the requirements for man-made features on maps for air and ground purposes mean that avia-tion maps produced by overprinting air information on a standard topographical base are unlikely to be totally accept-
ab le to aircrew . The much criticised air version of the Series 1501 Joint Operation Graphic is a case in point
(Lakin ’33 ’M°). Main roads were judged by aircrew to have been over-emphasised in comparison with important natura l
features of relief , water and woods (Lakin~~°). Yet , c lear portrayal of main roads was required on the ground version
for tact ical , logistic and route planning purposes.

The simple point , t hat the cartographer normally maps the ground and there fore the ground is his main frame of
re ference , has many implications for the design and usage of aviation maps. What is mapped on the ground is not
necessar ily what is most visible , even from the ground, but what is most important on the ground. Sonic categories of
information are visible from the air and invisible on the ground, e.g. patterns and shapes of plan features - hence the
recent interest in the location and plans of prehistoric settlements as revealed from the air. Some items of information .visible from the air , are unimportant to all but a few map users on the ground, and are therefore not normally mapped
field patterns are an example. Some items of information may or may not be removed from maps when they are no
longer there , and it may be difficult to judge how visible from the air their vestiges are likely to be -- disused or aban-
doned railways are an example. Some items of information of grea t interest to map users on the ground ma~ not be
very prominent from the air and may be of limited value even when they are - for exaniple, road networks in towns.

A further complication is added by the presence of various forms of collatera l material on a display in the cockpit ,derived from sensors such as infra-red or radar. These may, as a charactcristic of the sensor , include or exclude certaininformation categor ies and assign (h em relative visual prominences ofl the display, which hear no logical or systematic
S
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relationships to what is directly visible on the ground from the air , or to what seems important enough on the ground to
appear on a snap. Forw ard looking radar imagery , with its association between the vertical extent of a feature and its
v isual prominence on the display, adopts a criterion which tends to be alien to maps which must somehow attempt to
portray vert icality on a h a t  horizontal surface. Infra-red sensors, which emphasise shadows and introduce variability of
visual prominence on the display associated with such factors as weather and time of day, lead to the problem of pattern
discernment w hich is independent of relative prominence, w here many of the pattern elements, such as small walls and
ditches, are so unimportant on the ground that they are not mapped at any of the scales which are usable for aviation
purposes. One application of human factors principles to categories of cartographic information is therefore to empha-
sise that for some roles in aviation certain of the most prominent categories of information are not mapped at all. This
applies most forcibly to man-made features. Some of the features which are mapped may be assigned a visual prominence
which their operational utility would not strictly warrant, but which ~s part ly to compensate for the absence of those
information categories which are not mapped at all.

The visibility from the air of information on the ground, and its relationship to aviation maps was discussed as a
problem by Wulfeck et al.iOI . Approaches to the problem of how to apply human factors data to the practical solution
of cartographic problems must rely not only on the human factors data but on the logical categorisation and sub-cate-
gorisation of symbology (Ratajski”8 and on the associational value of symbols in evoking at once the objects they
represent (Koponen et al.33’ ; Van der Weiden and Ormeling501 ). It is therefore misleading to treat the application of
human factors principles to evolve cartographic information categories solely as a psychophysical process. However,
certa in factors should be borne in mind in relation to specific categories.

( I )  Roads

The classification of the transport and communication structure based on the needs of the road user is not of much
relevance to the user of aviation maps. Detailed classifications of roads, surfaces and track s may assist tactical decision
making, reconnaisance briefing and target planning. On 1:50 ,000 scale maps, they can assist orientation in low level
helicopter operations (Wright and Pauley~”; Barnard et al.’29 ). Some of the design problems of roads representation
to meet ground user needs have been addressed by Ast Iey651 , and Morrison652

’
514

’
653 . But these issues are only relevant

to the requirements for visual referencing and orientation in high speed flight when they correspond to major differences
in size, contrast and visibility from the air.

In low altitude high speed (LAHS) flight, McGrath and Bordenl2i reported that paved roads were the most generally
useful features for orientation judged by aircrew studying air to ground films. For use as checkpoints, however, individual
paved roads were judged to be the third most dependable feature after water bodies and water courses. Trail patterns
and dirt roads were rated as having the lowest visual utility of the eight classes of features tested. Estimates of their
utility for visual referencing based on the appearance of the features on three maps (Sectional, USAF Pilotage Chart, ONC)
showed no significant difference between cartographic utility and visual utility for paved roads, indicating that they had
an appropr iate cartographic emphasis. Dirt roads had higher cartographic utility than visual utility on the 1:500,000
Sect ional Aeronautical Chart due to their inclusion in a broader , more emphasised category of secondary roads. The
selection rate for paved roads on maps was found to be high, consistent with their high utility, but the choice of indivi-
dual roads was generally poor and unrelated to their relative discriminability from the air. Ideally a 100% selection rate
would be better than at random, but as this is impractical the authors recommended that all paved roads should be por-
trayed only when the scale and density of features allowed. A low selection rate for dirt roads was also consistent with
their visual utility but again the selection was indiscriminate. In this case , the best strategy would be to portray no dirt
roads in the absence of valid selection criteria, as there can be little point in showing only a few dirt roads if the few
chosen are no more useful than those that are not.

The value of roads in flight is inversely related to their frequency of occurrence and it is in direct proportion to
the tra ffic they normally carry. Their importance may also vary with the map task. Roads were rated the fifth most
important feature for flight planning and third most important in flight by users of 1:250,000 scale Joint Operations
Graphic (Lakin~’°). Despite their high importance, many aircrew considered that main roads had been over-emphasised.
Showing all “minor roads” was favoured by 69% of aircrew although an earlier study (Lakin633 ) had expressed the view
that too many minor roads cluttered the map. Murrelli3l also recommended that “minor roads” should be included on
1:250 ,000 mapping. A high proportion of aircrew chose to include them on a LAI-IS map but the importance ratings
of minor roads were generally low. This was taken as indicating that whereas individual minor roads had to be unim-
portant , collectively (i.e. their pattern and structure ) minor roads are of high importance. For night low level visual
referencing, Taylor~~ found that aircrew rated motorways (Rank 5) as equal in importance to obstructions (lighted)
for fixing positions. “Major roads” were ranked eighth and secondary/minor roads fifteenth.

Most sources comment on the importance of distinguishing and emphasising motorways and multiple carriageways
on aviation maps because of their high visibility and discriminability from the air. Barnard et al.12’ reported that the
blue coding of motorways on OS maps leads to confusions with hydrography during brief glimpses in flight, and
suggested that coding of illuminated roads would be a useful distinction for peacetime , night flying. Bridges , Flyovers
and Roundabouts are invariably highly distinctive from the air , particularly “clover-leaf” configurations on motorways ,
but they are often presumed and not explicitly depicted on small scale maps. A standardised pictorial symbology needs
to be developed for each of these features.
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On t he coding of roads on maps , bot h Kca tec ’2° and Wood19’ pointed to the possible contusion oh’ linear fea tu res
and boundary lines of area features . ( lear coding distinctions are necessary by variations in shape , s u e  and colour.
Parallel lines , with and without var ious intills , are a commo n shape coding dist inction for roads that has received some
general acceptance on 1:50 ,00)) and :250 ,00)) scale maps ‘Ibis has the disadvantage of increasing line clutter , so t hai
on sma ller scale maps , where the density of features tend:~ to he greater , single line represent ations are usually preferred .
Solid single tines are Lised on the i’P( and ON( -

Variations in symbo l w idth or weight are usually employed to code differences in road class ification , pr incipal or
primary roads having the greatest w idth , secondary roads an intermediate width , and minor roads t he narrowest width ,
in accordance wit h their visual utility. ~toto rways and dual carriageways are most effectively represented hy a dual
symbol . Sonic guidance on the saliency of different line widths can be obtained from Wright iSi . w ho found that the
perceived difference between line widths for solid tines increased with increases in the ratio of the difference in line
widt h and the width of the wider line In other word s , a given diffe rence in line widths is more perceptible for thin tines
t han t’or thick lines.

Whereas it seems plausible to argue that a unified colour coding of roads should facilitate the perception of the
structure of t he road network (Wood iss ), some ser ies, notab ly the JOG, use a comb ination of width and colour coding
t o distinguish road classifications . Evidence presented by Taylor iOO , on a symbol identification task , showed that with
the JOG specif ication, subjects tended to confuse secondary roads (screened brown infill) with principal roads (solid
infill and minor roads (no infill) , presumab ly because of discrimination and identification difficulties. A different
coding. using the same colours for both principal and secondary roads, alternating red and white infilt in different
proport ions proved snore successfu l than the JOG specification. llowever , t he symbol lacked continuity and tended to
produce snore visua l clutter. The conventional minor road symbology two parallel lines , 0.56 mm apart achieved
less than 60~ correct identifications under degraded viewing conditions (projected image) whereas the solid infill symbol
(0.8 1 mm line space) for principal roads was highly legible under all the conditions tested.

The conventional colour for coding roads on land maps is red or near-red (orange, brown). Unlike many other
ci’lour coding convent ions, red does not have a particularly high associational value with roads and this convention
should not be regarded as sacrosanct. Red was used on early aviation maps for road coding because it disappeared
against a light background under red cockpit lighting and roads were unimportant during night operations. (‘urrent
speci fications for JOG, TPC and ON(’ Series code roads in dark brown colours that maintain their contrasts under
red light. This is probably due to the difference between peacetime and wartime requirements as much as to any real
change in the utility of roads at night. In any event , a card inal rule in the colour coding of linear features such as roads
is that the colours must have high contrasts to maintain adequate legibility. Wood ~~ has noted that when lines are
narrow there ss a tendency for all colours, w ith the exception of yellow and bright red, to be seen as black , an effect
that is probably due to small-field tritanopia. Disregarding red light legibility, a saturate d (high chroma) bright red infill,
with black casing (parallel lines) may yet be the most suitable colour code for roads, confirming, once again, the funda-
menta l validity of most cartographic conventions.

McGrath339 regarded t he correlation of roads on the map with roads on the ground as one of the most difficult map
interpretat ion problems in low alt itude flight. Variations in the selection rate in diffe rent regions partly account for this:
also t he basis for selection is more often the continuity or uninterrupted length and the importance of the terminals.
Pilots should appreciate that , except in open country where most roads will be shown , t hey will see more roads on the
ground than are represented on the map. In general , the likelihood of an individual road being portrayed reduces as the
number of roads in the area increases. Finally, road classifications can be misleading and do not necessarily correspond
to t heir visual appearance. In many cases it may he difficult to identify roads on any other criterion than planned lime
of arrival.

(2 ) Railways

Raitways are generally regarded by aircre w as important features on topographical maps. Apart from their tactical
significance in represent ing the transportation and communication structure , t hey are comparatively easy to detect and
identify from the air at both high and low altitudes , part ly because of their width and contrast and their comparative in-
frequency, hut largely because of their tendency to follow straight lines. Their tack of sinuosity among line features ,
comparab le only with motorways , makes them excellent feature s for along-track following al low altitudes. Combined
w ith point feature s such as statio ns , and crosse d by ot her line features , they make good positional checkpoints. like
alt linear features they are of less value when they cross the aircraft track obliquely, but t heir comparative infrequency
makes them relatively easy to identify across track compared with roads.

For helicopter operations , Barnard et al. ’2’ found that aircrew rated used railways as extremely useful and disused
railways as very useful for day nap-o f-the-earth and low level transit flying. At night used railways were moderately

~~~~~~~~~ useful if lighted by traffic or series of signal lights, or if moonlight reflected from the rails. The value of disused rail-
ways depended on t heir age and on what traces remained . (‘uttings and emhankments can remain visible for a long time
on disused railways but whereas these were useful during the day they were virtually useless at night. Helicopter air-
crew felt that on 1:50 ,000 scale maps railways were very well represented and whereas railway stations tended to be
over emphasised , cutting.s and embankment s could he depicted better and tended to he removed from maps when in
disuse far sooner than th’ :ir visual utility warranted . This is largely because 1:50 ,000 scale maps are designed primarily
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to meet t he needs of ground users. l)isused railways are included in an electric blue overprint of air information for air-
crew users of the Ordnance Survey Northern Ireland one inch series.

LakinM0 found that aircre w users of 1:250 ,000 sca le maps ranked railways third in importance as topographical
features for flight planning and second in importance in flight following water features. Although they were generally
satisfied w ith the representation of railways on the Series 150 1 JOG, they considered level crossinga and railway stations
should also be included. Murrell ’3’ found no support among aircrew for the inclusion of disused railways on 1:250 ,000
scale maps for LAIIS flight, but used railways were judged highly important. McGrath and Borden’2’ found that the
visual utility of railways judged from low altitude films was high, but pilots tended to over estimate their usefulness
from their appearance on maps. It seemed that their bold rendering on maps made them appear very prominent and
more distinctive than they actually appear on t he ground. Also aircrew placed high value on railways, not because they
were particu larly easy to detect , hut because once detected , they were easy to identify. Pilots were unable to discriminate
differences in the utility of railways based on their appearance on the map, except between single and multiple tracks,

L probably because of their otherwise uniform symbology. Examination of the selection rates for railways on Sectional,
P(’ and ON(’ (‘harts showed that the rates were much higher than their real visual utility would warrant. The general
ru le seemed to be to portray all railways irrespective 01’ differences in utility probably because they are easy to identify,
and because the relatively small numbers of railways, unlike roads, justifies a high selection rate.

For night low altitude navigation, Taylor ” reported that railways were ranked tenth out of fifteen features by
aurcrew , judging their importance for fixing positions. Their importance varied with the type of operation:— helicopter
aircrew ranked railways ninth, tact ical transport aircrew ranked them eleventh, jet aircrew ranked them twelfth. Like
most iinear features it seems likely that railways become less important as checkpoints as the aircraft speed increases.

The practice of using black lines with crossties for coding railways is one of the nearest approaches to a universaf
convention on maps. ICAO recommend the conventional railway symbology for aeronautical charts: single ties for
single track : double ties (or two parallel lines with a single tie) for multiple tracks; broken line with ties for a railway
under construction (Anon’~’). The JOG, TPC and ONC all use a continuous black line with single and double ties for
single and multiple tracks , and a broken line for ‘non-operating’ (disused) tracks. Koponen et al.331 , in their study of’
t he associational value of map symbols, found that whilst pictorial symbols were usually better than geometric forms,
t he geometric symbols for railways were easily interpreted partly because they were highly conventionahised and partly
because the bends and curves of the symbol corresponded to recognisable patterns on the ground. They rated the ICAO
standard symbols used on the I : 1 ,000,000 world aeronautical chart as good. Lakin’33 found that 90’~ of aircrew res-
pondents to a questionnaire evaluation of the JOG considered the classification of railways on the map to be adequate.
Wr ight and Pauley~~’ also favoured the conventional railway symbology for helicopter tactical maps, contrary to
Bishop et al. ’2’ who called for a more pictorial symbol.

Empirical testing of the legibility of the single track railway symbol on the JOG by Taylor ’00 gave virtually 100%
correct performance on an ident ification task under normal and degraded (projected image) viewing conditions. Similar
performance was obtained for a symbol for railway stations using a black circle with red infill. Under degraded viewing
conditions the size and spacing of tie bars are probably the critical features in the identification of conventional railway
symbols. It would seem that the sizes and spacing of tie bars used on the JOG (0.20 bar line width, 1 .52 mn length,
3.81 mn space) are probably adequate for most applications.

Black coding max imises the brightness contrast for railway symbols. Consequently any change in railway colour
coding will reduce contrasts and may cause legibility difficulties with conventional size dimensions. The size dimensions
of tie bars would need to be increased to maintain the same level of legibility under lower contrast conditions. On many
charts, grid lines are also coded in black and are a potential source of confusion with railways particularly as they are
often peeked to facilitate interpolation. The possibility of serious confusion is reduced by the regularity and alignment
of grids. Pecking the grid lines on one side of the line distinguishes them further from railway symbols. Whereas ,
McGrath and Borden ’2’ have produced evidence that railways may be over emphasised on maps , their relative infre-
quency means that this is not a major problem. In face of the highly conventionalised use of black coding, one must
conclude that at present there is insufficient evidence to justify a change of colour.

On the interpretation of railway symbols on maps, McGrath33’ recommends the following maxim: “I must not
see it , hut if I do, I will very likely be ab le to identify it on the chart”. I-Ic points out that railways are generally easier
to detect from the air in hilly or mountainous terrain than in fiat populated areas. In mountains, the track is normally
characterised by numerous cuts , fills, trestles and tunnels, all features that enhance detectability. Tunnels are shown
on most maps by two curved lines concave to the visible track and joined by a broken line. This has a desirable pictorial
quality without being unnecessarily elaborate. Cutt ings are not shown on small scale maps because of limitation on
space and accuracy of representation. McGrath 33’ also points out that railway yards make excellent radar checkpoints.
On the TPC they are generally shown if they exceed 2 ,000 feet in length and five tracks in width.

(3) Communities

From the air, t he characteristics of communities and populated places that are most likely to be distinguishable are
the general size and shape of the built-up area , and the pattern of roads, railroads, rivers and distinctive structures within.
[.ike vegetation , the visual boundaries of built-up areas are often ill4efined . rap idly changing or not known. They may
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change at night when illuminated by street and domestic lighting. l)epending on the scale of representation , it may be
impossible to portray the distinctive shape characteristi cs without sacrificing accuracy.

t)ornbach’27 pointed out that on aviation maps the outline of towns was of prime importance and that population
size or density, normally used to classify the importance of towns , was of secondary importance. Most sources suggest
t hat built-up areas are rated medium to high on relative importance for visual navigation compared with other features.
For helicopter operations, Barnard et al. ’2’ found that towns and villages were rated very useful for day transit and nap-
of-the-earth flying. At night towns became extremely useful when illuminated and were ranked first of forty-one features ,
but villages became less useful. For aircrew users of 1:250 ,000 scale mapping, Lakin34° found that city and town shapes
were ranked ninth in importance for flight planning and in-flight. Murrell’3’ placed towns about fourth in priority for
low altitude high speed mapping and in Taylor~ ’ they were ranked fourth by helicopter , transport and jet aircrew for
fixing positions during night low level navigation.

McGrath and Borden ’2’ obtained similar estimates of the relative visual utility of communities judged from air to
ground films of low altitude flight. Aircrew consistently over-rated the importance of communities according to their
appearance on the Sectional, Pilotage Chart and Operational Navigational Chart, The authors concluded that this dis-
crepancy arose because the manner of depiction on the maps used clearly defined symbols and place names which
suggested prominence and uniqueness for features that were frequently indistinct dispersions of buildings on the ground.
Selection rates for communities were generally low compared with their visual utility but those selected were generally
well chosen being based to a great degree on area size.

The over’emphasis of built-up areas is a common feature of most maps particularly at 1:250 ,000 and it is difficult
to avoid without reducing edge contrasts for towns to levels that are unacceptable for operational conditions. Even
w ith comparatively high contrast grey infills, aircrew commonly colour in town shapes with black ink prior to night
flying missions (Barnard et al.’29 ; Taylor~”).

A variety of symbols is used on aviation maps to represent communities and populated places, The ICAO standard
lists four different symbols:

(I) City or large town — black outline with yellow or black stipple infill
(2) Town — Black circle
(3) Village — Smaller black circle
(4) Buildings — Small solid black squares and rectangles.

Three categories are shown on the ONC: a black outline with yellow infill, and two black squares, the larger with
yellow infill for towns of unknown outline. The TPC also distinguishes three categories, using a purple inflIl for the
first two (outline and square), followed by an open small black circle for towns of third importance. On the 1:250 ,000
scale, JOG representation of communities is more detailed. Five categories differentiated by population size are symbo-
lised by different type sizes for place names. Outlines with dark brown infill are shown when the shortest dimension
exceeds 0.15 inches; otherwise individual buildings (small black squares) are used to represent small and scattered
communities. The principal on the JOG was to show all populated places and buildings wherever possible, and in dense
areas to show only a selection that retained the balance with other features. However on some sheets of the JOG Series
the portrayal of individual building in clusters creates a cluttered and untidy appearance. For example , the use of dots
on Malaysian sheets of the Joint Operations Graphic can become so dense that each single dot becomes valueless for
operational purposes, and the only information conveyed is the presence of numerous settlements. These may range,
however, from substantial groups of buildings to huts in dense woodland, and it is difficult to predict what will be seen
from the air, or even whether it is sensible to choose such settlements as fixpoints. Some prove to be highly visible and
useful; others may be impossible to see.

l-lopkin’° argued that for air purposes numerous individual buildings were of doubtful operational value and were
more likely to be detrimental to map reading because of clutter. Similar advice was given by Taylor222 following a
comparative study of the suitability of the JOG and other 1:250 ,000 scale maps for LAI-IS flight. Recent revisions of

4 the JOG specification to bring it into line with critical user requirements have included deletion of the symbol for
individual bu,ldings so that only communities that are large enough to meet the requirements for outline symbols are
shown.

Comparisons of the major aviation map specifications show little evidence of any consensus on the optimum town
infill. Screened brown, screened purple and solid yellow are used on the JOG, TPC and ONC Series respectively although
they all have broadly similar colour coding in all other respects. Grey (black stipple) is used on the RAF Low Flying
(‘hart , having replaced yellow on earlier editions, because of edge contrast problems, and grey could be argued to have
the highest association value. Like the JOG brown, grey gives good edge contrast , facilitating shape recognition, but it
lacks the attention getting properties and high contrast for overprinted line detail that is obtained from yellow. Purple
and brown are also favoured because they retain their contrasts under red cockpit lighting, a legibility constraint that if
only for consistency should apply to the ONC infill. Yellow loses contrast and virtually disappears on the ONC under
red lighting.
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Taylor ’00 compared identification performance on outline town symbols on the JOG (maroon/warm brown effect)
with the same symbols with a solid grey m u l l .  Almost 100% correct identification accuracy was obtained with the grey
infill for normal and projected image viewing. The JOG infill produced more errors under both viewing conditions, the
difference reaching statistical significance (p <0.05) for projected viewing.

Red and yellow were suggested by Keates ’2° to be common town inlllls on general purpose topographical maps
because of their high contrasts for line detail and because of their distinctiveness from the colours of natural features.
Keates added that large areas of red tend to dominate the map image and the colour needs to be desaturated in large
built-up areas in order to maintain good visual balance. lie also suggested that the same m ull colour should be used on
bot h outline and geometric (circular or square) symbols for towns to maintain continuity of coding. It is unlikely that
red w ill be an entirely suitable town m ull for aviation maps, part ly because of red tight legibility objections, and partly
because red coding has greater utility as a warning device for coding obstructions and restricted airspace, features that
tend to be associated with built-up areas.

The variable use of circles and squares to indicate secondary and tertiary levels of classification is undesirable and
potent ially confusing. Users of the ONC and TP(’ could he forgiven for assuming that the square geometric symbols
used for communities with unknown outlines, indicate towns with square outlines. Circular symbols, as recommended
by ICAO, are less likely to be misinterpreted in this way. Keates ’2° suggested a logical set of circular symbols, varying
in infill and gradually increasing in size to an outline symbol. Psychophysical data on perceptible differences in the size
of circles may help to guide their design to achieve an even, discriminable progression (Cuff600).

Rer ~sen1atj on of the internal structure of roads, railways and rivers may assist in the identification of built-up
.irc,is when the outline shape is poorly defined, On 1:250 ,000 scale maps this can be readily achieved for most medium
to large sca le communities. On smaller ‘.ca le maps, there is often insufficient space for the pattern to be resolved.
Detailed representation of the communication structure on large scale maps tends to break up the outline shape and
should be restricted to the primary routes and major rivers. On the JOG, the same colour is used for secondary routes
and town infill. Secondary routes entering towns are cleared of colour and portrayed by white lines. Primary routes
are coded in the solid of the screened int’ill colour and printed continuously through built-up areas. The net result is to
increase the emphasis on the road network and reduce the prominence of town shapes. From the air users’ point-of-view,
this change is probably undesirable. This dc-emphasis of town shapes could have been minimised by coding town infill
and roads in different colours.

McGrath’55 cautioned aircrew against relying solely on the shape of built-up areas for identification because of the
problems of representing suburbs on maps. The pilot should try to use some unique element or associated features for
positive identification such as a stadium, airfield, cemetery or marshalling yard. The most difficult problem, he argued,
concerns the interpretation of standardised symbols for populated places which on maps such as the 1’PC represent such
a wide range of communities which may or may not be visually recognisable from the air , Generally, they should not
be relied upon for checkpoint features except in association with other features that allow positive identification to be
made.

)4) Isolated Structures

Large isolated buildings and structures such as sports stadia, racecourses, open air cinemas, large factories, power
stations , chimneys, lighthouses, oil wells, bridges, viaducts, dams, quarries and mines may constitute distinctive features
from the air , useful for fixing positions during both radar and visual navigation. At low altitudes major structures with
vertical developments such as tall buildings, radio masts and power transmission lines, are also hazards to flight safety.
These will be discussed under air information in the following section.

Barnard et al.’2’ found a strong requirement for tall chimneys, power stations, high rise buildings, and church
steeples in flat terrain and disused quarries on 1:50,000 tactical maps for helicopter operations. However , bridges were
rated by helicopter aircrew to be less well shown than their usefulness warranted, For low altitude high speed flight,
~~~~~~~ found that the value of individual structures depended on their precise location. Stately homes were rarely

4 built in exposed positions whereas smaller windmills were highly distinctive because they are normally built on high
ground, Compared with other topographical features the relative importance of incongruous features may not be as
high as one is tempted to assume; LakinMO found that aircrew rated landmark features twelfth in importance for flight
planning and eleventh in flight. At night , landmarks were ranked thirteenth in importance for fixing positions during
low altitude navigation (TayIor~~ ).

The value of isolated structures for fixing positions lies in their distinctiveness from other features and from each
other. Maps such as the JOG and TPC use standardised pictorial symbols for landmark features which while possessing
desirable clarity and simplicity of form, tend to blur the important individuality. Ideally, each feature should be por-
trayed in a manner that exaggerates its distinctive characteristics , (the number of chimneys, bridge spans etc) . In
practice the cartographer is often forced to use standardised symbols because of limitations on scale and survey data.
McGrath and Borden’2’ found that the clarity of standardised symbology for structures had the furthe r disadvantage
of causing aircrew to over rate their utility judged from maps compared with their visual utility seen from the air at low
altitudes. Excavations , on the other hand, shown by crossed picks under-emphasi.ced their real visual utility.
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Advising aircrew on map interpretation problems at low altitudes, McGrath’55 pointed out that bridges and viaducts
were only depicted on the TP(’ when they exceeded 800 feet in length. Below this length, their presence should be
inferred. Similar limits apply to other maps. On major structures generally, their selection for port rayal on the TPC
depended on whether or not other significant features were in the area. The symbol for a large factory, for instance,
would not be shown in built-up areas but would tend to appear in isolated regions. Standardised symbols cover a wide
range of features and the pilot should be wary of searching for a good pictorial likeness on the ground. In some areas .
more than one pictorial symbol may he shown in close proximity (e.g. oil wells). This is intended to indicate the general
pattern of features rather than their individual locations Consequently, the pilot should not attempt to carry out a
precise visual fix on any one symbol in a group of similar symbols. Finally, McGrath’55 caut ioned pilots that some
structures were hazards to flight but not necessarily visually significant from the air (e .g. power transmission lines).

Some broad aspects of the design of pictorial symbols were covered by Koponen et al.2’ and Chainova et al.555 .
Taylor ’00 compared various landmark symbols on an identification task and concluded that pictorial symbols were
preferab le to feature names provided that the symbols were bold and simple in form with easily recognised meanings.
Water towers and large buildings (factories, power stations, lighthouses) were portrayed on an experimental 1:250 ,000
JOG map using pictorial symbology, replacing labels denoting the names of features on the original JOG. Whereas the
bold TPC silhouettes used for large buildings were highly successful, producing statistically significant improvements in
identification performance, the fine line drawing for water towers was substantially less legible than the original label.
Abstract shapes were acceptable when they were conventional symbols, such as for churches, but they must also be
bold and simple if they are not to beo~onfused with similar symbols such as for mosques and small individual buildings.
Taylor ’00 listed the following primary rules for designing pictorial map symbols:

(a) Contrasts should be maximal.
(b) Shape should be distinctive in general outline, not in fine detail.
(c) Minimum size should be determined by the smallest component that has to be recognised.
(d) The symbol should have high association value, and compat ibility between coding and meanings.

Many of the symbols proposed by ICAO as standards for isolated structures on aviation maps (Anon’s’) fall short on
more than one of these criteria.

9c AERONAUTICAL INFORMATION

Aeronautica l information refers to data on radio facilities, airfields, air traffic control, a irspace regulations and
obstruct ions provided on maps to aid air navigation, Instrument navigation or IFR charts, terminal area charts,
instrument approach charts etc are predominantly concerned with aeronautical information, Maps for visual navigation
conta in both topographical and aeronautical information, partly to facilitate the transition from VFR to IFR procedures
and partly because some aeronautical information is always necessary for flight planning and flight safety, e.g. airfields,
obstruct ions, danger areas.

W hereas classification, selection and generalisation are major issues in the representation of topographical informa-
t ion, symbolisation and coding are more important in depicting aeronautical information. Selection tends to be on an
all-or-nothing basis depending on the map function. Only obstructions and power transmission lines occur ‘,s ith sufficient *

frequency to create a potent ial selection problem and on small scale maps the selection can be based on relatively simple
yet valid height ‘riteria (e.g. over 200 ft AGL). Generalisation is necessary in the representation of power transmission
lines and airfield plans at large scales. All other classes of aeronautical information are either point features (e.g. radio
facilities) or simple regular shapes (e.g. airways) not requiring generalisation. Most sub-classifications of air information
(e.g. types of aerodromes and radio facilities) are independent of map scale and of chart function.

Aeronautical information was first represented on maps as overprints of existing land maps. Conventions soon
became esta blished, as is often the case in international aviation, and many of these have been recognised by ICAO for
use on charts covered by their standardisation agreements (Meine5 ; Anon’54 ). The military mapping agencies use
similar sets of symbols.

In most cases, aeronaut ical information is abstract or verbal in nature and does not lend itself readily to pictorial,
mimetic or iconic coding. Many of t he symbols tired are therefore geometric , verbal, related object or part of the whole,
in t he class ification terms adopted by KoponLn et al.29 . Consequently, in comparative studies of map symbols such as
Koponen et al .2’ and laylor ’°°, aeronaut ical info rmation tends to compare unfavourably with topographical informa-
tion on measures of association value , identification performance etc. While unfavourable comparisons with pictorial
symbols may be inevitable , the major concern of human factors is that they should be minimised by selecting the most
effective symbol that can he used . Unfortunately there is no objective evidence that the conventional symbols for
representing aeronautical information are t he most effective , beyond the fact that they are in common usage.

It can be argued that the factors which influenced the design of symbols for aeronautical information as overlays
on early topographical maps and which to a great ‘xtent determined current practice , are not ielevant for some of the
more special purpose maps used in contemporary av,at•nn, Colour coding is an example. Aeronautical information on
most av iation maps is shown in dark purple/blue colours, sometimes known as Electric Blue. Electric blue was probably
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first chosen for aeronautical information because it contrasts well when overprinted on the area colours used for natural
features on topographical maps (greens and browns) and because it retains its contrast and darkens under red cockp it
lighting, unlike say red or yellow , Blue has since become recognised as the colour most likely to be associated with aero-
nautical information (Van der Weiden and Ormeling50’ ) and ICAO recommend dark blue as the preferred standard colour
for aeronautical data (magenta is an alternative). While there are good reasons for continuing with this pract ice for
aeronautical information generally, there are individual items of important aeronautical information that might benefit
from coding in more conspicuous, attention-getting colours. Obstructions are portrayed in red on the popular RAF Low
Flying Chart and on maps for radar map matching (Barratt et al.~’5 ). l)ark blue narrow line features, such as power
transmission lines tend to be seen as black (small field tritanopia); coding in red seems to avoid this and prevents poten-
tia confusions with black line features. There is, of course, good evidence that red light legibility is no longer an
important aviation map requirement (Taylor~~), as discussed in Chapter Sc. A similar argument applies to the colours
used on instrument navigation charts, term inal area charts etc. Most are printed in black , blue, green or magenta, usually
in just two colours, rarely in more than three. Costs may limit thc numbers of colours, but a more effective selection
could probably be made if the designers disregarded convention and the dubious red light legibility requirement.

Aeronautical information continues to be incorporated on visual navigation charts as an overprint, added to
existing topographical maps, (e.g. UK Ordnance Survey 1:50 ,000 Air Overprint). This creates problems in achieving
the correct visual balance between information categories and, because of its high contrasts, size and overlap with topo-
graphical data , aeronautical information tends to receive a rel2tively higher emphasis than is probably warranted by its
comparative importance to the user. On some maps, aeronautical information could quite validly be relegated to “under-
print” status (e.g. Helicopter Tactical Maps).

Ideally, aeronautical information should be taken into account in the design of the topographical base. Alterna-
t ively, revisions to the coding of topographical information should be considered to improve the accommodation of the
aeronaut ical overprint. Electric blue obstruction symbols, for instance, may be more effective against a yellow town
infill than against the black stipple infill found on many land maps. A further consequence of adding aeronautical
information afterwards on a piece-meal basis, is that the map can very easily become exceedingly cluttered in highly
developed areas, to the detriment of both topographical and aeronautical information. The clutter caused by an air
overprint is a function of the scale of the map; low flying information causes more clutter on the 1:500,000 TPC than
on the 1:250,000 JOG. The 1:500,000 RAF Low Flying Chart, based on the TPC, alleviates the clutter problem by
using an unconventional multi-coloured low flying overprint. Multi-coloured overprinting achieves greater visual
separability than monochrome shape coding in conventional electric blue, but it is important that its relative emphasis
corresponds with the relevance of the information to the map user.

While the practice of overprinting aeronautical information on topographical information tends to emphasise the
former and subdue the latter, Lakin~° found some evidence from aircrew that the visual priorities should probably be
reversed for some classes of aeronautical information on the I :2S0,000 JOG-Air. Topographical features occupied the
first four positions in a rank ordering of the importance of features in flight; aerodromes ranked 6, power lines and
obstructions ranked 7 and 8 respectively, aeronautical information ranked 12 , and electronic navigation aids ranked 14
out of a total of 16 features. Different priorities were assigned for flight planning: aeronautical information and
obstructions were slightly more important for planning than in flight, whereas power lines were more important in
flight. It was concluded that the consistent low ranking of electronic navigation aids and magnetic information
indicated that they should be considered for exclusion from the map in the future.

Taylor222 obtained subjective assessments of the usefulness of eighteen 1:250,000 scale maps for LAHS navigation
and found no preference among aircrew for maps with radio aids information, controlled airspace and danger areas. He
added that the experimental method was probably not sensitive to these differences which were visually insignificant
compared with other topographical content and coding variables. The OS 5th Series M523 Decca Chart (GSGS 5030)
with the extensive Decca lattice overprint was also included in the study and was rated least acceptable of all the eighteen
maps tested by both pilots and navigators. It was concluded that the topographical base was irretrievably congested
by the excessive clutter of the lattice, and that this rendered the map virtually useless for visual navigation purposes.

One way of avoiding the clutter problem is to print aeronautical information on the back of the sheet, or on a
separate sheet from the topographical information (e.g. Koponen et at.29 ). This has the disadvantage of making correla-
tion of the two kinds of information difficult, particularly during the VFR-IFR transition and when printed on the
back it complicates the problem of folding the map so that both sides are easily read . Whc ‘s the user’s tasks require
that both topographical and aeronautical information are read together , integration on the san~ sheet should be
preferable provided that the relationships are easily perceived and that clutter is minimised.

It should also be recognised that radio navigation facilities, air traffic control, etc are unlikely to be available
during hostilities. For low level attack missions the only ava ilable aeronautical information likely to be used by pilots
is information regarding obstructions, aerodromes and radio facilities, sufficiently visible on the ground to facilitate
visual referencing (McGrath339 ). For this reason, war stocks of military aviation maps need not be printed with con-
trolled airspace, danger areas etc., thus reducing the clutter problem.

With regard to the design of symbols for individual classes of aeronautical information, the literature offers sur-
prisingly little guidance to the cartographer. Koponen et al.2’ commented on the relative legibility of symbols for
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aeronautical information on the World Aeronautical Chart and Whiteside and Roden3’ reported a limited study of
aerodrome symbols. The readability of numerals on Approach Charts under bright and dim luminance conditions has
been studied by Welsh et al~ ’. Several comparative evaluations of aviation maps include different symbols for aeronau-
tical information, but effects are mostly confounded with topographical context variables (Koponen et al.29 ; C’hisum’°8;
Taylor mo,b~~; Rasmussen et al.658 ). Marsetta and Shirtleffsso did not include aeronautical information in their study
of the legibility of military map symbols. Broader issues concerning the design of aeronautical charts and flight docu-
mentat ion are discussed by Watk ins2’~ and Taylor659 .

Aerodromes

Information on aerodromes is of great operational importance. In addition to being used for take-o ff and landing,
aerodromes can be very distinctive from the air because of their size, contrast and often exposed location, and they can
be positively identified from the runway pattern, thus making them ideal visual checkpoints. An aerodrome may need
to be located quickly in an emergency, and during hostilities it may be a target or a subject of reconnaissance.

It is impractical to show on maps all the details of aerodromes and their facilities that are required for take-off ,
landing and the ground movement of aircraft. Information on aerodromes appears in a variety of different sources
including maps, charts and documentation, in different amounts of detail. Generally, large scale maps give more

- 
information than small scale maps. Instrument Approach Charts (IAC5), Terminal Approach Procedure Charts (TAPs),
Landing Charts, Aerodrome Charts and Standard Instrument Departure Charts give the most detailed cartographic
information, showing aerodrome movement areas, stopways, taxiing guidance aids, hangars, terminal buildings etc.
Runways are also drawn in detail on Aerodrome Obstruction Charts. Detailed information on hours of opening, run-
ways, communications, navigational aids, and ground services is issued in written form in documentation known as
En Route Supplements, Aerodrome Briefings or Flight Information Publications (FLIPs).

All aircrew should have ready access to FLIPs or equivalent documentation on aerodromes for flight planning,
and copies will normally be carried on the flight deck. Providing detailed aerodrome information on maps for en route
navigation would be an unnecessary duplication for most purposes, even if it were cartographically feasible. Further-
more, the frequency with which the information changes cannot be accommodated by normal map revision cycles.
Aircrew would inevitably find themselves using out-of-date information; this would be untenable for flight safety reasons.
Maps for en route navigation need only show the aerodrome layout , drawn to scale if possible or otherwise depicted by
standard symbols, to facilitate visual identification. Other information should be limited to a few relatively permanent,
unchanging characteristics, such as the aerodrome name, the length of the longest runway, the nature of the surface
and its elevation.

Documentation on aerodrome facilities is likely to be read on the flight deck and it should be designed to be
legible under adverse airborne viewing conditions. It should also be organised in a manner that facilitates speedy access
and information assimilation. While not exactly a cartographic problem, the responsibility for compiling, printing and
issuing such documentation often rests with cartographic agencies. In addition to maximising contrasts and ensuring
adequate type characteristics , Gestalt principles of grouping, symmetry and alignment can be used to design the format
of paragraphs, margins, headings and type faces so as to improve perceptual organisation and increase reading speed
(Taylor659 ). Time can be an important factor when making an emergency diversion to an unplanned aerodrome .

On large scale cartographic representations such as Aerodrome Charts, the aerodrome is normally drawn in plan
with minimum generalisation of detail. Revision frequency and high costs usually limit printing to one colour, normally
black or electric blue for reasons already discussed, and the low complexity and low information density mean that
increasing the number of colours is unlikely to lead to substantial increases in legibility. For most purposes, adequate
visual separability can normally be achieved by using a combination of line symbols and solid and screened tints.
Type characteristics should conform with minimum airborne legibility requirements. Aerodrome plans are included on
the face of many TAPs and IACs , alongside plan and profile views of the approach procedures. This can result in an
unsat isfactory cramped representation and the aerodrome plan may need to be printed on a separate sheet to ensure
adequate legibility. For this reason , RAF TAPs have recently adopted a revised format with separate Terminal Approach
Charts and Aerodrome Plans. Proliferation of cartographic products is often an undesirable but necessa ry consequence
of operational legibility requirements.

On small scale maps aerodromes are shown with the runway pattern drawn to scale with or without field limits,
or in a standard symbol, a circle of fixed diameter (e.g. 6,000 feet scaled equivalent on ONC) with the pattern super-
imposed, drawn to the same scale as the circle to facilitate judgements of runway lengths. Positive symbol formats
solid lines against a light background are recommended by ICAO for secondary aerodromes on Approach Charts and
for runway patterns drawn to scale elsewhere. They are used as the standard symbol on the JOG for aerodromes with
unknown field limits and for disused runways, and they are used as the standard symbol on the ONC for major aero-
dromes. A negative format a white pattern with a dark solid shape is recommended by ICAO for principal aero-
dromes on Approach Charts and for standard aerodrome symbols elsewhere not drawn to scale. It is used on the JOG
for aerodromes drawn to scale with field limits shown and on the TPC for major runways.

In general , negative formats tend to he more conspicuous and less affected by background clutter than positive
formats. This visual priority should correspond to the operational priorities of aerod romes on maps where both
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positive and negative formats are mixed, such as on ICAO Approach Charts and on the JOG. Contrasts for runway
patterns in positive format standard aerodrome symbols should be maximised by clearing the interior of the circle of
area tints (layers, vegetation, etc). This practice has the added advantage of increasing symbol conspicuity in relief
areas by virtue of the attention-getting white coding. Negative formats showing aerodrome field limits reduce contrasts
for other information within the symbolised area, such as contours. For this reason, they are unsuitable for large scale
topographical maps such as at 1:50 ,000 scale, where they might obscure information that is useful for the low level
helicopter pilot. On the other hand the enclosed shape provided by the negative format has a unifying effect on the
symbol elements and could be justified on Gestalt principles of unity and closure.

In an experiment concerned with the legibility of standard ICAO and RAF aerodrome symbols (circles) without
runway patterns, Whiteside and Roden32 found that subjects could locate filled-in solid black circles quicker than out-
lined circles in black or red, under white tungsten illumination. Red outlines produced significantly better performance
than black outlines but red was regarded as an unacceptable coding because it lost contrast under red cockpit lighting.
Koponen et al. (a) 29 and (b)33’ strongly favoured showing runway patterns as the most meaningful symbol for aero-
dromes and regarded the basic standard circular airport symbol as comparatively poor. The poor associational value of
geometric coding must also be a criticism of the standard ICAO distinction between military and civil aerodromes:
small peckings of the circular outline for civil aerodromes at the four major compass bearings, double line circle for
military aerodromes. The standard technique of adding an anchor to the circle for seaplane bases (related object coding)
was considered to be more acceptable by Koponen et el.29 ; adding an H (verbal coding), the standard practice for
indicating heliports, was not considered but might fall into the same category as seaplane bases.

Judged on conventional legibility criteria (size, contrast , dc) the discriminability of the land/water and civilian!
military aerodrome codings must be near threshold for critical viewing conditions (vibration, low intensity illumination)
for low resolution map display systems (CRT5, MMDs), unless the physical dimensions of the symbols are considerably
exaggerated over those that are normally recommended. However, for most practical purposes discrimination difficulties
with these symbols are unlikely to cause serious operational problems. Both Koponen et al. (b)33’ and TayIor’~included aerodrome labels in comparative evaluations of map legibility but neither came to any specific design conclu-
sions, other than the general plea for maximising contrasts and selecting type characteristics according to the worst
conditions of viewing.

Obstructions

Information on obstructions, features having vertical significance in relation to adjacent and surrounding features
(radio masts , water towers, chimneys, tall buildings, etc) fills a dual purpose on aviation maps. Obstructions, by defini-
tion, are a hazard to the safe passage of aircraft , but they may also act as visual checkpoints if they are distinctive when
viewed from the air. Not all obstructions are easily detected from the air and their portrayal on maps serves as a valuable
cautionary and anticipatory device, particularly during flight planning, (Lakin~ °). All aviation maps should portray
obstruction information if there is a possibility that the user of the map may be flying close to the ground. At scales
smaller than 1: 1,000,000, used mainly for high altitude navigation, the requirement for obstruction information is
minimal, but on Terminal Approach Charts (TAPs, lAPs, etc) and on maps used for navigation at low altitudes (Heli-
copter Tactical Maps, JOG, 1’PC and OBC) obstruction information is vital for fl ight safety reasons. It would seem to
be in the interests of flight safety to portray obstructions on all cartographic products used in the air, particularly since
there are so few serious cartographic problem~s in doing so. Major obstructions are relatively infrequent and they can
be represented by point symbols without creating unacceptable clatter. Obstructions are also relatively permanent
features and their portrayal does not require frequent revision. At present, obstructions are shown on all ICAO maps
except Aerodrome Charts: elevations for selected features constituting a hazard to air navigation may be shown on
Radio Navigation Charts and Terminal Area Charts, particularly hazardous or prominant relief features are emphasised
on Plotting Charts; all other ICAO maps and charts include significant obstructions as a standard requirement.

Obstructions are useful as visual checkpoints when they are large solid structures contrasting well against the horizon
at low altitudes and when lighted at night. Aircrew ranked obstructions (lighted) as equal fifth along with motorways
on the ratings of the importance of selected feature s for fixing positions during low altitude visual navigation at night
(Taylor2”). Despite this, aircrew are discouraged from planning routes near to obstructions, partly because they are
unlikely to be lit at night during hostilities and partly because meteorological conditions and geographic disorientation
can reduce the probability of detection. Furthermore, once detected , a positive identification of an obstruction can
rarely be achieved without reference to other features in the vicinity. Since obstructions that have been identified cannot
be overflown without hazarding the aircraft , their value as checkpoints is restricted to providing only a general confirma-
tion of position rather than an accurate position update.

The significance of obstructions for the map function should determine the criteria used for their selection. On
ICAO Aerodrome Obstruction Charts, all obstructions are regarded as significant that lie in the take-off flight path area
and project above a plane surface with a 1.2 per cent slope and a common origin with the take-off flight path area. On
ICAO Instrument Approach Charts obstructions are shown when they are the determining factor in the obstacle clear-
ance limit for the area. On ICAO 1: 500,000 and 1:1 ,000,000 scale maps for visual navigation, obstructions of 100
metres (300 feet) or more are regarded as sufficiently significant to be portrayed, in military series, (60 metres) 200
feet AGL or above is used as the selection criteria for the 1: 250,000 JOG, the 1:500,000 TPC and 1:1 ,000,000 ONC.
Strict adherence to an exact minimum figure for inclusion simplifies the cartographer’s task. However, from an
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operat ional point of view , it can have disadvantages when it causes obstructions to be omitted that are below 200 feet
AOL in height , but on hilltops or other prominent locations. Ideally, there needs to be some flexibility in the selection

~rj teria that will allow known hazards to be included even though they are below the 200 feet limit. At present , the
cartographer has to misrepresent the height at AGL in order to include significant small obstructions,.

Two hundred feet would seem to be a logical selection criterion in that the low flying system assumes a minimum
ground clearance of 250 feet for jet aircraft. Aircra ft wishing to fly below 250 feet must obtain special permission to
do so. As data collection techniq ues improve and operational requirements become better defined, it can be expected
that for certain areas of high density low flying activity, the minimum height for portrayal of obstructions will be
reduced to 150 feet or below. However , investigations have shown that a 150 feet minim um dramatically increases the
number of obstructions to be shown in developed regions and that it may be untenable on small scale maps because of
clutter. Helicopter tactical operations involve flight at low altitudes down to 50 feet AGL or less. At present , only
obstructions over 200 feet are shown on the UK 1:50,000 scale air overprint, largely because of difficulty in obtaining
the additional data required for a more comprehensive portrayal.

The method of portraying obstructions recommended by ICAO, and used on the JOG, is an electric blue inverted
‘V’ line drawing geometric symbol with a dot at the centre of the undrawn base line corresponding to the exact location
of the feature. A similar, but more solid, more pictorial inverted ‘V’ obstruction symbol is used on the TPC and ONC,
and for exceptionally high obstructions (1 ,000 feet or over) by ICAO.

The line drawing obstruction symbol has low associational value and it is unlikely to meet the minimum legibility
requirements for symbols in complex, low contrast backgrounds and under difficult viewing conditions. It can also be
criticised for its similarity to the electric blue line for power transmission lines. Although there is no objective evidence
on the efficacy of this symbol, Lakin~ ° found that aircrew users of the JOG ranked the criticism “obstructions do not
stand out well” as the fifth most serious of sixteen named criticisms of the map. Solid contrasting pictorial symbols,
such as those used on the TPC and ONC are essential for topographical maps and there can be no disadvantage in adopt-
ing the same symbol for all maps and charts. A solid red triangle symbol has been used on maps for radar-map matching
(Barratt et al.MS ). Although this symbol is conspicuous and has the adequate size and contrast for degraded viewing
conditions, it has the disadvantage of not explicitly indicating the feature’s location, (centre of base line). Koponen et al.29

regarded as poor the geometric , unfilled, triangle symbol for obstructions used on early World Aeronautical Chart (WAC)
series with a separate dot below the triangle to indicate the feature’s location.

Distinctions between single and multiple obstructions should be made to facilitate visual identification. Multiple
obstructions are normally shown by two overlapping obstruction symbols. This practice may cause confusion for the
inexperienced map user who has not read the legend and who assumes that the symbol means that only two obstructions
are present on the ground, and no more. Under degraded viewing conditions the amount of overlap between the two
symbols will determine the discriminability of single and multiple obstruction symbols. The space between the tops of
the two symbols is the critical physical dimension and it must be sufficient to be resolved under all viewing conditions.
Visual identification can also be facilitated by indicating obstructions that are lighted at night. Unfortunately, the
method recommended by ICAO 

-- short lines radiating from the tip of the obstruction symbol may be difficult to dis-
criminate under difficult viewing conditions. A small circle centred on the top may be a more legible alternative.

For the purposes of estimating obstacle clearance altitudes, the absolute elevations of obstacles should be shown
in feet , giving both the height above mean sea level (MSL) and the height above ground level (AGL). The standard
practice shows height above MSL, usually the larger value, situated above height AOL, the latter given in parenthesis.
There are instances of significant obstructions that are situated on ground below MSL where the height AOL is greater
than the height MSL, but these are few. Identical type face is used for both sets of numerals. Thus the identity of the
numerals, above MSL or AOL, coded by a positional cue (upper or lower value), by a shape code (no parenthesis or
parenthesis), and by the relative magnitude of the numerals (greater or lesser). This triple redundant coding should be
sufficient to minimise the possibility of confusions.

On the ONC, the procedure described above is used to code the height of pictorial symbols for landmark features
that have vertical obstruction significance. Whether this should become standard practice on all aviation maps or whether
such features should be coded by standard obstruction symbols rather than pictorial landmark symbols depends on the
advisability of aircrew treating distinctive obstructions as potential visual checkpoints. Classifying significant obstruc-
tions as distinctive landmark features will undoubtably encourage aircrew to treat such features as potential visual check-
points, with all the inherent dangers of doing so in poor visibility etc. This is contrary to the principles of flight safety.
In such cases, the correct emphasis on caution and landmark distinctiveness may be achieved by labelling standard
obstruction symbols with the feature’s name (e.g. chimney, mast , smokestack , etc.), a procedure also used on the TPC’
and ONC.

Power Transmission Lines

Power transmission lines constitute a serious navigational hazard for low flying aircraft. They are often difficult to
detect from the air because they are small, and lack contrast and because the pylons are open rather than solid structures.
Many are painted green to blend in with the background at the behest of environmentalists, and unlike significant ob-
structions they are not lighted at night. Whereas obstructions are often conspicuously built on high ground and
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hill-tops (e.g. telecommunication masts) power lines tend to follow the most conventional route, usually along valleys,
and consequent ly they are frequently hidden from the direct line of sight by terrain masking. Where they cross high
ground, their location is often indicated by the broad swathes that need to be cut through forests to accommodate
t hem. Generally, power lines are hazardous, and difficult to detect and identify positively. Because they are line
features giving only one-dimensional location cues, they are of limited use as visual checkpoints in conjunction with
other distinctive features. Once detected , distinctive power lines may be used as line following features , hut cont inuous
visual contact is often difficult to maintain and along-track power lines are likely to lead to an across-track power line.
Therefore, line following must be carried out w ith extreme caution. Thus t he principal function of power transmission
lines on maps is to act as a cautionary device. Aiding navigation is a relatively minor function. Selecting and coding of
power lines according to navigational significance is unlikely to be an important requirement. If selective representa-
tion were to be contemplated it should be based on the seriousness of the hazard which is determined by factors that
are negatively correlated with navigational efficacy, such as complexity, irregularity m d  high detection difficulty.

Barnard et at. tm29 reported that wires of all kinds are regarded as the most dangerous hazard to low flying helicopters,
part icularly those that cross valleys and gaps between woods and buildings. Despite this, w ires are regarded as useful
navigational cues during day transit and nap-of-the-earth helicopter flying. This is probably because helicopters fly at
lower speeds than fixed wing aircraft , allowing more time for detection. Wire s that are already shown on the map are
invariably highlighted by aircrew and if a reconnaissance is possible all other w ires which could prove dangerous are
added. Some squadrons conduct regular “wire recces” in local areas where low flying takes place to check on recent
changes and additions to wires in the interests of flight safety. Many units keep an up-to-date record of wires and other
hazards on an annotated “master” map of the local low flying area displayed in the flight planning room.

At night , moonlight may be reflected off the metal surfaces of power lines and pylor.s, occasionally facilitating
their detection. Barnard et al.’2’ reported that power lines could be used for helicopter navigation in above moderate
moonlight but aircrew rated them relatively low on utility at night compared with daylight. Similar low ratings of the
visual utility for fixing positions by power lines at night were obtained by Taylor~

8 from the crews of fixed wing and
rotary wing aircraft.

The cartographic representation of power transm ission lines is complicated by inadequate data sources and diffi-
culties in specifying selection criteria. Power transmission lines are depicted on most large scale land maps, but the
representat ion is highly selective and often considerably out-of-date. The basis for selection is usually the nature of the
support not its height or size, e.g. steel pylons are shown, wood pylons are omitted. Many new power lines can be
erected during a normal land map revision cycle and the quality of information available for a revision vane, considerably
between the different authorities that are reeponsible for erecting the structures. Whatever selection criterion is adopted
by the aviation cartographer , it is important that the representation should be kept up-to-date, and that new power lines
are added without delay. Revision cycles for power line information should not therefore be t ied to revision cycles for
other relatively permanent topographical information.

The UK 1:50 ,000 Series has recently acquired a power line (and obstruct ien) overprint for aviation purposes,
particularly for low level helicopter operations. The impracticality of showing ail wires, the ultimate helicopter require-
ment , has been demonstrated by Barnard et al.’29 : complete representation of wires in developed areas produces totally
unacceptable clutter because of their high frequency. All lines on steel supports are shown on the 1:50,000 overprint
because of their radar significance , toget her with all wires with more than 80 foot ground clearance. To achieve this
all the wires, including telephone wires, have to be inspected and checked where they pass over valleys. Where part of
the line exceeds SO feet , this has to be shown on the overprint as an isolated line extended slightly in each direction
beyond the critical length. A three level classification of power lines (275 kv; 132 kv; other minor lines) is indicated
by three line widths 132 thou , IS thou; 12 thou) Barnard et al. ’2’ reported that user comments on the power line
and obstruction overprint were generally favourable, although some had pointed out that omitted lines below 80 ft
were potentially the most dangerous.

On aviation maps governed by ICAO and on military series, the principles for the selection of power transmission
lines are broadly similar to those for obstructions. “Prominent” power transmission lines are shown on ICAO I : I ,000,000
and 1:500,000 maps, although prominence is not defined. Both the JOG and TPC attempt to give a comprehensive
coverage of major power lines over 200 feet. The ONC coverage is noticeably less comprehensive than the larger scales.
A cautionary note is given in the JOG legend to the effect that although the most reliable sources available have been
consulted , there can be no assurance that all the power lines are shown.

Methods of coding power transmission lines vary on different aviation maps. Most use electric blue colour coding,
including ICAO maps; the ONC and land maps use black . ICAO recommend a wavy blue line interrupted by T shaped
pylon symbols at regular intervals. The UK 1:50 ,000 power line overprint , and both the JOG and TPC use a straight
line interrupted by solid pictorial pylon symbols. The pylon syn’bols do not correspond to actual pylons on the ground
and there is no requirement that they should do so. A broken dashed line with dots at regular intervals is used on the
ONC.

Taylor um compared the legibility of the JOG straight line symbol with a zig-zag pattern. Both were interrupted
by the standard pylon symbol, both were in the same JOG standard line width, and both were coloured in electric blue.
The non-standard symbol produced a statistically significant (p <0.01) increase in identification performance under
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degraded (projected image) viewing conditions; the straight line symbol was most frequently con(used with rivers on
several trials. It was concluded that while the addition of shape coding was an improvement , the modified symbol was
visually ‘noisy’, it created clutter , and caused unacceptable ambiguity over the feature ’s location.

It should be possible to achieve adequate conspicuity and identification performance for power transmission line
symbols from colour coding and the intermittent pylon symbol, w ithout resorting to ambiguous shape ceding of the
line elements. Contrast , size and associational value requirements favour the JOG/TPC pictoria! pylon symbol in
preference to the ICAO geometric 1. Improved identification performance could probably be achieved by increasing
the size and the frequency of the pylon symbol and by increasing the width of the line elements to the sizes used on
the OS 1:50 ,000 overprint. An increase in line width will improve the perception of the colour code, and improve the
resolution of the line under difficult viewing conditions. Furthermore , a more conspicuous colour probably could be
employed, such as a high contrast magenta or red.

Radio Facilities

Information on radio facilities is required on aviation maps to facilitate position finding when visual referencing is
impossible or insufficiently reliable for safe and accurate navigation, such as during approach and landing. The main
radio aids for aircraft navigation are non-directional radio beacons (NDB), V h F  omni-directional radio range (VOR),
distance measuring equipment (DME) , UHF tactical air navigation facilities (TACAN) , ranges and broadcast stations.
Collocated , multiple facilities are common, e.g. VOR/DME and VOR/TACAN (VORTAC). In order to use radio
facilities, the aircraft must be fitted with the appropriate instrumentation. Given this, the pilot or navigator needs to
know where the facilities are located with respect to his planned route many are located on or near airfields or on
airways for en route navigation - and he needs a variety of other information such as the type of facilities provided,
identification names, call signs, contact frequencies and times of operation. This information can be provided on topo-
graphical maps, charts or in flight information pubtications.

Radio facilities information is shown on ICAO Plotting Charts, Radio Navigation Charts, Terminal Area Charts,
Instrument Approach Charts, I : 1 ,000,000 and 1:500,000 Aeronautical Charts , Visual Approach Charts (where they
constitute landmarks or obstructions) and Landing Charts. Instrument Approach Charts give the most detailed informa-
tion (e.g. distance to the aerodrome); large scale maps tend to show the least information to minimise clutter. The
military JOG, TPC and ONC Series show radio facilities by the type of facility and identification name only, partly
because of clutter and partly because, like all aeronautical information, the penalty of giving detailed data is that a
more frequent revision cycle is necessary to keep up with changes. Frequently changing information, such as times of
operation, is best shown on products that are relatively cheap to produce and easy to revise such as TAPs and lAPs.
Some authors (e.g. Lakin~’°) argue that radio facilities information on large scale topographical maps is highly redundant
and rarely used by aircrew , and that it could be excluded without seriously reducing operational efficiency.

A set of standard geometrical symbols is widely used to represent NDB, VOR, DME, VOR/DME, TACAN and
VORTAC faciities(Fig.5). A small circle with a central dot forms the basic radio facility symbol. This is used for
NDBs, sometimes surrounded by a circular area covered with a dot stipple, and for multiple facilities other than
VOR/DME and VORTAC. A hexagon symbol is used for VORs. A square is used to represent DME facilities. The
hexagon and square have the same height and width so that they can be superimposed for co-located VOR/DME facili-
ties. The TACAN symbol is a modified VOR shape. This becomes apparent when the TACAN symbol is partially filled-
in to indicate co-located VOR/TACAN (VORTAC) facilities, revealing the basic VOR shape inside the VORTAC symbol.

Since these symbols have no pictorial, mimetic qualities, their meanings must be memorised or decoded by
reference to the legend. Confusions and misidentifications are likely to arise during the learning process, but there is
no evidence that the symbols have been designed to minimise such errors. Whereas the discriminability of the symbols
possibly could be improved by redesign and empirical testing, it is unlikely that meaningful pictorial qualities could be
added to the symbols to improve their identification significantly because of the essentially abstract nature of radio
facilities. Furthermore, co-located facilities would be difficult to represent with anything other than abstract geometric
shapes. Even with the present symbol set , there is a limit on the number of co-located facilities that are symbolised:
VOR/DME and VOR/TACAN are accommodated but NDB/VOR , NDB/TACAN , VORTAC/NDB and VOR/DME/NDB
are not. The ideal symbol set would include all possible collocated facilities.

Radio range symbology , fan markers and compass roses, may be associated with the facilities symbols. On most
maps and charts the name of the facility is shown in a rectangular box attached to the facility symbol by a leader line.
When the standard symbols are not used, either because multiple facilities are present or because the facilities are
located on an aerodrome, the box will also contain lettering to identify the types of facilities provided . Call signs and
frequencies may also be included. The JOG does not use geometric symbols and all radio facilities are identified by
lettering. The use of boxes and lettering on topographical maps was criticised by Koponen et al. (a)2’ and (b)331 ,
mainly because of inadequate sizes and contrasts. Taylor”0 obtained only moderately acceptable identification
performance for radio aids lettering on the JOG. A small increase in stroke width (0.18 to 0.25 mm) failed to improve
legibility, but this may have been confounded with the effects of reduced contrasts caused by the addition of a light
blue tint to the boxes to assist information location. Boxing serves to unify the elements and by so doing it may reduce
map reading time, but in general it seems that a substantial increase in the size of standard lettering is required to ensure
legibility on topographical maps under cluttered, low contrast conditions.
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Airspace Information

Two kinds of airspace information are provided on aviation maps:

( I) Information related to air traffic services, i.e. Flight Information Regions (FIR), Aerodrome Traffic Zones
(ATZ ), Control Areas, Airways, Controlled Routes, Uncontrolled Routes , Advisory Areas, Advisory Routes
(ADR), Control Zones, Reporting Points, Compulsory Corridors, Air Defence Identification Zones (ADIZ),
Ocean Control Areas (OCA), Buffer Zones, Low Flying Areas, Low Flying Routes;

(2) Special use or restricted airspace, i.e. Prohibited, Alert, Danger, (‘aution and Restricted Areas.
The type of airspace information shown depends upon the purpose of the map. Large scale topographical maps intended
primarily for visual navigation purposes and charts for approach and landing (lAPs and TAPs), show very little airspace
information, e.g. ADIZ on JOG; medium and small scale military topographical maps may show all Special Use Airspace
and Low Flying Routes; Terminal Area Charts and Radio Navigation Charts show air traffic services information.

Airspace areas are usually large and simple in shape. Most can be adequately represented by boundary line coding
supplemented by hachuring or vignetting on the interior side of the area. The line should be bold and distinctive , and
the vignetting or hachuring subdued to minimise obscuration of other detail. Shape coding and discontinuity can be
added to the boundary line to distinguish between different kinds of area. Area tints probably give more stable figure-
ground segregation than boundary lines atone (Taylor’59 ), but they are inadvisable when they are likely to cover large
regions of the map containing other information that is relevant to the user. If tints are necessary they should be as
light as possible to minimise the loss of contrast for lettering and topographical information. On some charts, airways
are distinguished by an area tint , and non-airways are left clear. Most aircraft using such charts will be flying along the
airways and information outside these areas is relatively unimportant. Contrasts should be greatest where the informa-
tion that is being used is densest , along the airways, and thus non-airways areas rather than airways should be tinted.

Information on prohibited, restricted and danger areas is vitally important for low flying aircraft operations.
Restricted areas are prominently represented on the RAF 1:500 ,000 Low Flying Chart by coding in red. Red colouring
has strong connotations of danger and its good attention-getting properties make it preferable to electric blue when red
cockpit lighting is not a design constraint. Low flying is often prohibited over built-up areas and nature reserves and the
method of coding should be chosen to minimise the obscuration of underlying features, particularly town shapes. Letter-
ing relating to airspace should be printed in the same colour as the area symbol to facilitate visual organisation and
search. If the area symbol is screened or desaturated , the colour of the lettering should be solid and saturated in order
to maximise contrasts and minimise legibility difficulties.

9d OTHER INFORMATION

Names

Names on maps denote a variety of point locations, lines, areas and regions. They are associated with cultural,
natural and abstract features including communities, political boundaries, administrative regions, deserts, forests,
mountains, peaks, roads, rivers, estuaries and lakes. In a world-wide mass ccries, the same name may be used to denote
several different features. Yet within a given sheet, most names denote a unique feature. Thus, names on maps provide
a highly specific verbal reference system (Keates ’20 ) that can be used to identify locations and features in place of, or
in conjunction with, spatial co-ordinate reference systems.

Names are particularly usefl i for identifying line features such as rivers and areas such as mountain ranges, which
are difficult to describe solely in spatial terms. Name references are also the method used in normal verbal communica-
tion to describe locations. As a result of their common usage in text and speech, names are often highly meaningful and
have high associational value. These factors are important in the storage and retrieval of information from memory.
Thus, a verbal description of a location in terms of names of associated regions and features will tend to be remembered
better than a set of abstract grid co-ordinates. Un-named locations must be specified in spatial terms, but by also stating
the name of the region and the names of features close to the position, the originator of a communication can guard
against major locational errors which easily arise from confusions, mishearings and misreadings of grid alphanumerics
(Taylor and Hopkin’5’ ).

Names on maps may have historical, sociological, and geographical significance as well as a locational reference
function. Numerous names can cause unacceptable clutter for aviation purposes (Taylor222) . Furthermore, the more
names that are portrayed the longer it takes to find a specific name (Phillips et aI.ssa ). In designing maps for aircraft
navigation, it is important to distinguish between the different functions of names on maps, to exclude unnecessary
names, and to avoid over-elaborate methods of classification that are not relevant to the primary task. For some aviation
tasks , names may be redundant or irrelevant information. McGrath et al)32 found that visual navigation performance
in simulated tow altitude high speed flight was not impaired when place (community) names were removed from a
Sectional Aeronautical (‘hart. Navigation by visual referencing and by similar tasks such as radar-map matching, makes
little use of the names of features and relies almost entirely on the shape , pattern and sequence of features. On the
other hand , names are useful for general orientation purposes and for tasks involving verbal communications, for
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examp le in two seat operations (pilot and navigator), in formation flight , and in ground support operations under
forward air contro l. Briefings usually make some reference to the names of major communities for tactical as well as
general orientation purposes; during flight planning, checkpoints , IPs and dropping zones etc. w ill be memor ised by
visual and verba l encoding, ut ilising names where they are shown, or even creat ing imaginary names when they are not.
It is difficult to envisage any aviation map reading task that would benefit from the omission of all names from maps.
It is equally true that no tasks require the high density and complex classification of names found on many school
at lases.

As a general rule, t he density of names should reflect their frequency of usage. Long names and names that are
difficult to pronounce, such as names in foreign languages, should be either transliterated or omitted because otherwise
t hey are unlikely to be used, even sub-vocally. Names in close proximity are likely to be redundant for referencing posi-
tions and most tasks will be facilitated equally well by an evenly spaced selection of names. (‘harts intended for naviga-
tion purposes need only portray the names of major communities , rivers and regions that are likely to he used for general
orientat ion.

Principles of information presentation relevant to the coding of names on maps have been discussed in Chapter 8
in the section on typography. The legibility of names can be influenced a great deal by where they are placed on the
map. It has been contended that for each name there is one optimum position on the map (lmhof’58 ) and the problem
is therefore to formulate rules which specify how it may be determined. There may sometimes be a conflict between
t he requirements for locational precision and for the position that affords the best legibility on grounds of contrast or
clutter . Unlike topographical symbols, names are abstractions with no physical equivalent on the ground. They are
related to topographical features or areas, and in positioning names, the cartographer’s main task is to show this relation-
ship while retaining legibility. Names relating to points should be positioned to indicate their locations. Names rela-
t ing to linear features should be positioned to indicate the orientation and length of their referents , such as rivers.
Names relating to areas should designate the form and extent of the area.

It is good cartographic practice to print names along the West-East axis of the map, reading from left to right
when the map is orientated North-up. Maps are usually held track-up during navigation, but North-up is the most fre-
quently used single orientation during briefing, planning and map study. This is probably because most individuals
organise their mental maps North-up and find they can assimilate new information better when it is presented in the
same orientation. Names are easiest to read when they are arranged from left to right along the normal reading axis;
reading difficulty increases as the names are orie’ited off the normal reading axis and they become extremely difficult
to read when the orientation exceeds 900 from the horizontal (i.e. inverted). Groups of names arranged in the same
orientation are easier to read than names placed in a variety of orientations (Robinson and Sale 9S ). Inter-letter spacing
and letter size can be varied to designate the extent of area features , such as administrative regions or states , but excessive
spacing makes the characters difficult to read as a single word. As a general rule, spacing should be minimised, repeat-
ing names if necessary, and where the continuity of names conflicts with other topographical features such as lines and
tones, the topographical features should be interrupted rather than the names.

The requirements for typeface, weight , size and case are discussed in Chapter 8c. Guidelines established from
exper imental work in other areas must be treated with some caution (Bartz (b)” and (a ) 509 ; Taylor and llopkin ’51 )
part ly because the classification of names of maps is coded by type variables and because of the importance of search.
‘I he legibility of names for communities, peaks and rivers was compared in different type by Taylor ’°° ; type size and
stroke width were found to have a significant effect on performance. Phillips et al.5’ found no significant difference
between bold and normal weight type, and between Times and Univers type face on a number of tasks involving place
names on maps; t he main variables that affected performance were type size , case , complexity of the map base, and
t he difficulty of pronunciation of the place names. Colour coding was not included in this study but it k undoubtedly
an important variable (Foster and Kirkland”° ). Phillips et al. 56’ made the following recommendations for the use of
place names on maps:

(I) Type legibility must he considered in the context of the map as a whole and should depend on the relat ive
importance of the information.

(2 ) The size of the type should be determined by the importance of individual names and by the importance of
names in general (eight point type is easier to search for than six point type).

(3) Names set in lower case with an initial capital are easier to search for and occupy less space than names set
entirely in capitals.

(4) Bold type is no more legible than normal weight type and should be avoided as it has a cluttering effect on
maps.

(5) The choice of type face appears to have little effect on legibility.

(6) Names which are difficult to pronounce should be set entirely in capitals.

Contrary to the research literature , upper-case cap itals are used for all place names on the I: I ,000,000 ON(’;
commun ities of first and second order of importance are distin~ziuished by size , we ight and type face. Upper-case capitals
are also used for places of primary and secondary importance on the I: I ,500,000 1’PC, and for primary , secondary and
tertiary importance on the 1:250 ,000 JOG. Lower orders of importance are depicted by names in lower case with initial
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capitals , consistent with good ergonomic practice. Size, weight and type face variations are also used. Five levels of
importance are distinguished on the JOG, t hree levels are used on the TPC and only two classifications are made on the
ONC.

The JOG specification calls for the maximum density of names provided that significant detail is not obliterated.
Names , usua lly in conventional English, appear for a wide range of drainage, vegetat ion and relief features in addition to
populated places , landmarks , railroads, roads, political divisions, and aeronautical facilities. In developed regions such
as the UK this leads to an unusually high density of names. According to Lakin~ ° 47% of UK JOG users favoured a
reduction in the density of names so that only the more important populated places are named , and 6 1% considered
t hat detailed road classification was unnecessary.

Five levels of classification by type size coding probably exceed the discrimination ability of users. It is also
doubtful if there are more than three meaningful differences in the importance of communities to aviators . The research
literature shows that upper case capitals are difficult to justify for other than initial letters in familiar names. However ,
the frequency of strange sounding names on a world-wide series and the need for standardisation probably weighs in
favour of using cap itals at least for the more important names. Type face variations should he replaced by size differences
wherever possible. Most names are printed in black , partly to maximise contrasts and part ly for printing econom y.
Blue is the only frequently used alternat ive, lithe observer knows the colour of the name he is looking for, colour
differences can improve search performance for names (Foster and Kirkland’60 ) but as Taylor59’ has shown contrasts
are a major limiting factor on the way that coloured lettering can be used.

Co-ordinate Reference Systems

(‘o-ordinate reference systems have been described in detail elsewhere (Chapter 2b). The GEOREF graticule or
LAT ! LONG system is used in aviation for most purposes and it can be found on nearly all aviation maps, including
I(’AO publications and the three major military topographical map series (JOG, TPV and ONC). Ground forces use the
Universal Transverse Mercator (UTM) grid system; this can be found on most land map series (1:50 ,000 scale or larger)
and on the JOG and TPC to facilitate operations in support of ground forces. Other grids such as Decca doppler lattice
can be found on special purpose charts.

A co-ordinate reference system is essential on maps for tasks involving navigation and accurate position plotting.
Not all charts are used for position plotting (e.g. Aerodrome Charts, Terminal Area Charts, Instrument Approach Charts)
and grids may be omitted with impunity. More than one reference system on a map is unsatisfactory from a human
factors point-of-view (e.g. JOG, TCC) and the task of transferring from one system to anot her must seem an unreason-
ab le burden for the already overloaded pilot in low altitude, close support operations. The introduction of digital navi-
gat ion systems and pocket calculators capable of converting between different co-ordinate systems may reduce this
problem. As long as aircraft continue to navigate in GEOREF co-ordinates to positions given in UTM, there will
probably always be some requirement for maps with both systems , if only to cover the case of navigation system failure.

The graphic elements of co-ordinate reference systems include the lettering and numbering of the grid or graticule,
its line weight, graduation and colour coding, and the instructions regarding its use shown in the map border . There is
very little literature that is directly concerned with research on the graphic variables ol’ grids on maps but some guide-
lines can probably be generalised from work on grids in other areas. Taylor and Hopkin151 found that the speed and
accuracy of plotting UTM grid references on the JOG was not affected by the density of cartographic information
around the position being referenced. Kempf and Poock50’ reported that the presence of layer tinting did not affect
accuracy but decreased the speed of grid referencing. Grid referencing on maps can be very precise with the use of aids
such as romers . Normally the process involves factors which are prone to error, such as memory, judgement and inter-
polation. Guttman and Fmley’2° showed that aircrew made errors in four-figure grid references on 12% of the inter-
polations made in each co-ordinate. Taylor and Ilopkin iSl list four different sources of grid referencing errors namely
mishearings . confusion errors between divisions of the grid, number rounding, and interpolation errors.

The marked intervals on scales influence the accuracy with which interpolations can be made, though not in a
linear fashion (Carr and Garner9’i). Interpolation is a function of the number of intervals and of relative distance from
a ma in crossing grid line, and there may be sudden reversals of direction of interpolation errors (Hopkin and Woolford”2 ).
On the whole , however , performance of interpolation tasks is quite good, and gives an acceptable level of accuracy if
the marked intervals are correctly chosen. Generally, the interval between ticks and markings should ~‘e chosen to mini-
mise the amount of interpolation. Partitioning by very frequent grid or geore f lines may not produce commensurate
improvements in accuracy of interpolation, and may have the incidental disadvantage of disrupting search patterns,
(Erikse n’~

7 ). The findings from studies of reading co-ordinates on large plotting tables may not apply to maps , and in
any case are not consistent. Green and Anderson”3 who required the range and azimuth of various targets to be given,
found that the characteristics of the grid did not influence the time taken , but Corkindale and Cameron”4 reported
t hat the speed of reading grid references, but not the accuracy, was affected by viewing position.

It is essential to ensure that grid lines cannot he confused with any linear features portrayed on the map, even
though these may rarely be parallel to them. They must be distinguished readily under all lighting conditions from rail-
wa ys, power transmission lines and canals , the main features with which there is some possibility of confusion. Being
straight and regular, grid lines can be comparatively thin and yet still remain readily discriminable. Thinness is a

I.
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

.. —



V

desirable property because of the need to minimise clutter. Evidence on the discriminabi lity and vernier acuity of line
width may assist in formulating hypotheses on how much lines need to diffe r in w idth before they are reliably discrim-
inated as different. The principles suggested by Wright ” may a lso he employed, lIe noted that the trial and error
tec hnique and cartographic experience were often relied on when choosing suitable line widths. Available tools for line
draw ing are a further intluence , and these are summarised by Monkhouse and Wilkinso n’39 who illustrate a range of line
widt hs, and the main varieties 01 line employed in cartography. If both GEOREF and UTM grids are present on the map,
differences in line thickness , in conjunction with ink colour and strength , may be t he most suitable means for separat-
ing them visually. The designer should aim to give greater visual emphasis to the GEOREF graticule with a subdued
representat ion of the UTM grid, consistent with the priority of usage in aviation. This relative emphasis is achieved on
t he JO(; and TPC by coding the (;I OREF graticule in black and the UTM grid in blue. Brown and black UTM notation
was compared by TayIor ’~’ hut no significant differences in legibility were observed. Barnard et al. ’29 noted t hat heli-
copter aircrew frequently highlighted grid notation by colouring the area surrounding the characters in yellow . This
pract ice was incorporated in the design of early prototypes for the 1:50 ,000 US Helicopter Tactical Map, but it has
been omitted on the pre-production prototypes.

Boundaries

A variety of administrative and political boundaries is shown on aviation maps, represented by black broken lines
or alternating series of dots and dashes. International boundaries are highlighted on the JOG, TPC and ONC by a brown
band overlayed on the black line symbol.

Boundaiies are a greater problem on ground maps than on air maps, since they are not likely to be confused with
any information of direct interest from the air, but may bear some similarity to relatively unimportant linear features
such as paths and right of way on the ground. In general, only major political boundaries are of significance to the
users of air maps. Other boundaries may be classified as types of air information if they are relevant. The presence of
minor administrative boundaries on an air map may indicate that it has been adapted from ground usage, as normally
such information can be excluded in the interests of clarity.

Marginal Information

Maps contain a variety of non-cartographic information in the form of marginal information or legends. This
information serves an important function and, like cartographic information, it should be displayed to suit user require-
ments for legibility, interpretability, v isual organisation and balance. h owever , the design and layout of marginal
information does not seem to have been the subject of human factors research. The main variables have been summarised
by Keates ’20 .

~s1aps are normally produced on rectangular sheets to facilitate printing and reprographic processes. Sheet size
and shape vary for different series according to type of map and the method of handling appropriate to the user’s task.
On a given she.1 the space available for marginal information depends on the projection and sheet lines employed which
may or may not be rectangu lar , (e.g. Lambert Conformal Conical Projection). All three major topographical map series
(JO( ,. TP(’ and OM) print m a p  informat ion up to the north and east edges of the sheet (bleeding edges) so that
adjacent sheets can he overlayed and joined accurately. This leaves space for marginal information on the bottom and
left edges. (“- ar ts for aerodrome information, radio navigation, terminal areas, approach and landing are not joined,
and t hus they are usually surrounded by a border on all sides.

The basic elements of marginal information are the series title , sheet title , scale, an explanation of the symbols,
and cred its. Other essential information includes the date of the map information, the date of any revision if this is
involved , the publishers, the detinit ion of the measurement system including the vertical interval for contours and any
graphic or supplenientary scales. On the main topographical air nsaps (JOG , TPC and ONC) almost the entire vertical
(left ) border is devoted to explanato ry flotcs on symbols. mostly aeronautical information. Explanatory notes on the
(;EORIII and UTM reference systems ale given togethei with a sheet index plan, a glossary of terms , and an address to
notify w hen errors are detected or “ hen revisions become essential , say for flight safety reasons.. The scale of distances
is given in statute miles. k~ oiiietres and nautica l miles. An elevation conversion scale (feet to metres) is given on the
TP( and ONU.

With so many items of information competing for such limited space , t he arrangement and layout of ’ eac h com-
ponent can be cr itical. Ideally, to reduce searc h time , standard formats should be followed such as that suggested by
Keates ’20 , p 161 ) . or by I(’AO (Anon’~~). Unfortunately, t he requirements of individual sheets often prevent this .
such as the need for bleeding edges. Some of the basic principles governing good layout have been stated by Keates ’20 .
These include the need to occupy the space symmetrically, using the centre lines as guides, organisiug lines of text in
parallel and with equal spacing, avo iding unnecessa ry description, and repeat ing essential identification information on
t he leading edge where it can be read when stored in a drawer without removing the whole sheet. In a series, the
marginal information should hlillow the same standard layout and design , for the benefit of the producer as well as the
regular user.

Explanatory notes on symbols should include an example of each symbol in all its variations (e.g. vignette wood
patterns , roads in built-up areas) preferably against the background in which the symbol normally occurs on the map
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(e.g. mud flat symbols on blue sea vignette). It might be useful to demonstrate the appearance of wood symbols against
layered backgrounds. Stylised landmark symbols that rely on contextual cues for identification on the map (e.g. dams),
should he shown in the legend in a sample context. Layer tints should be demonstrated in the margin. The conventional
pract ice of using a vertical layer wedge of rectangular blocks of colour with associated height intervals may not be the
optimum presentation in terms of communication effectiveness. Alternative methods may be more effective , such as
the pictorial format used on the ON(’ for its Terrain Characteristic Tint System, and the small scale, relief only summary
diagram, used on prototype Helicopter Tactical Maps.

It is important to recognise that border information is unlikely to be read by aircrew in-flight. Consequently the
stringent legibility requirements for cartographic information need not be applied so rigorously. In map preparation
during flight planning, map borders may be cut from the map and discarded as waste . In fact , they may only be read
by the user when a new edition is issued or when the identity of a particular symbol is questioned during map study.
Border information is probably more frequently consulted during aircrew training than at any other time, It is possible
that this training requirement might be better met by explanatory notes set out in a small instructional leaflet or text
used in conjunction with or in place of marginal information on the map.
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CHAPTER 10

AVIATION MAPS AND COLLATERAL MATERIAL

I... The aviation map may he considered as one of a number of methods for producing an image or likeness of the
surface of the earth (lmhof ’36 ). Other methods include photographs, drawings, three-dimensional models and sensor
imagery such as radar, te levision and infra-red displays. Tasks that include map reading frequently involve reference to
other sources of terrain information such as photographs and sensor displays, and to verbal information in the form
of text or speech. The most common form of collateral information when map reading in flight is the direct unaided
v iew of the terrain. Variations iii collateral information affect map reading performance and variables in map design
affect the interpretation of other sources of terrain information. The compatibility and integration of the sources of
information associated with map reading are important influences on task performance.

l0a TERRAIN VIEWED FROM THE AIR

Most maps give a plan view of the terrain, using projections which minimise sources of absolute and relative
discrepancies between the contents of the map and the terrain of which it is an image. This facilitates the determination
of range and bearing information but it rarely corresponds to the spatial arrangement of terrain features viewed from the
air. The closest visual correspondence occurs when a small region of the earth’s surface is viewed directly overhead from
a great height. Many satellite photographs demonstrate this clearly when they include distinctive shapes such as coastlines
or islands which are instantly familiar because they resemble so closely maps of them. In aviation such viewing conditions
are so unusual that they can be discounted as influences on aviation map production. A vertical view may be necessary
for some tasks, such as bomb-aiming, supply dropping and precision hover , but the design of most cockpits ensures that
the terrain is usually viewed at an angle from the air.

Correlation of the map with the terrain may involve a mental rotation of the pattern of cartographic information
or an orientation of the view of the terrain. Alternatively , the information may be encoded in verbal terms and on time-
and-distance variables rather than simple visual pattern matching. Aircraft altitude, speed and associated visibility factors
are important variables. From high altitudes, many terrain features cannot be seen because they are too small or contrast
insufficiently with their backgrounds, w hile those which can be discerned may be obscured by prevalent haze in certain
regions. At low levels, the angular subtense may be greater than the threshold (‘or acuity, but there is often inadequate
t ime to recognise and identify many feature s or to interpret their significance correctly. Factors affecting visual acuity,
target detection and identification have been discussed in Chapter 3.

The effectiveness with which the aviation map may be related to terrain viewed from the air greatly depends on
whether the map was compiled from information about the features likely to be visible from the air. An understanding
of map usage and of the users’ needs, and a map specification that meets the users’ requirements , are essent ial if the
aviation map is to be much more than a ground map with over-printed air information. In p’articular , the progressive
replacement of ground survey techniques with aerial photography implies that certain categories of data , not hitherto
surveyed but visually prominent from the air and potentially useful in air operations, can in principle be considered for
inclusion on aviation maps. Such changes, if they are made, may be accompanied by the removal from air maps, or from
certain specialised maps, of information categories which owe their presence to their importance on the ground rather
than to their visibility or significance from the air.

Maps based on aerial photographs (orthophotomaps) have been produced for aviation purposes, such as the Pictomap
se ries at I: 25,000 scale (Wickland” ). These have advantages over conventional line maps in the case of updating and
speed of production, and they are particularly useful for operations in remote regions where map coverage is poor.
Evaluations have shown that on some tasks , orthophotomaps may produce comparable performance to conventional line
maps, but often this is only achieved after considerable cartographic annotation of the photographic image (Berry and
Horowitz5m ’ ;Wheaton et al.~~ ; Anon”5 : HilI4M ). Some of the additional information contained on photo-based maps.
such as field and wood patterns may be useful for certain aviation tasks , such as low-level helicopter tactical operations.
However, for many tasks , such as low altitude high speed aircraft navigation, detailed photographic information is often
redundant and irrelevant , and only serves to clutter the map and reduce contrasts for other important features.

One approach to decid,ng which terrain features should be selected for inclusion on aviation maps is to start by
measuring the angular subtense at the eye of the subjects on the ground corresponding to a variety of cartographic infor-
mation categories, for several specified heights (Waters and Orlansky 24 ). Angular subtense is only one of several factors
determing the visibility from the air of features on the ground. Nomographic tables of the predicted visibility of various
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kinds of features may be compiled using pilots’ reports of what can be seen from the air in conjunction with more
theoretical criteria of visibility (Waters 332 ). The resulting classifications of predicted visibility may be combined with
data on angular subtense to give guidelines of features which should be considered for inclusion on the map. When such
proposals, or alternative ones, are formulated and used to produce expe rimental aviation maps , it is necessary to evaluate
these under the envisaged operational conditions, such as high speed high level flight (Sehreiber25). This will establish
whether the most suitable terrain features have been chosen for depiction on the map, and confirm that the format for
depicting them is satisfactory and operationally efficient. Such checks from the air were singled out by Wulfeck et al’°’
as the most important recommendation for improving maps for high performance aircraft.

Navigation procedures which can be followed at high level by comparing the map with visible terrain may no longer
be practical at low level, because of the changed environmental conditions. Mercier et al.335 included noise, acceleration ,
vibration (see Chapter 5d), manoeuvres , kinetic heating, and insect and bird strikes in a discussion of the effects of the

L environment on vision at low altitudes. External visibility is affected by the structure of the aircraft , cabin conditioning,
transparencies, atmospheric transmission, dazzle and ambient illumination (see Chapter Sc).

The visibility of an object depends on the angle it subtends at the eye, the contrast and pattern of the background,
and the angular velocity of the feature. Dynamic visual actuity is poorer than static visual acuity; as angular velocity
increases so the minimum subtended visual angle of a discernible feature increases and a “blur zone” is created when
objects of a given size have an angular velocity in excess of about 100 degrees per second.

Features with vertical significance are more important at low altitudes than at high altitudes partly because of the
increases in the visual angle subtended by objects at the eye, and partly because of improved contrasts for objects viewed
against the horizon. The area of ground visible to the eye decreases as altitude decreases; it may become severely restricted
at very low levels in undulating terrain because of obscuration. Flat features on the surface of the terrain such as roads,
and railroads, may not be detected until the aircraft is almost directly overhead, and the time available for recognition
and identification may be seriously curtailed unless the feature is anticipated and detected at the earliest possible oppor-
tunity. Often the most visible features are off-track , to the side of the aircraft. However, distances are difficult to estimate
at low altitudes, and off-track features tend to be used only for general confirmation of positions, supplementing check-
points that are directly overflown. Successful low level navigation may only be possible over terrain which has become
familiar from studying maps of it beforehand (Wright and PauleyTM9).

The probability of detecting features may be assessed by separating various factors affecting the detection process,
such as height, angular subtense, time available, and information obtainable in a glimpse, obtaining separate probabilities
for each, and combining them (Linge”5). For many factors, the assignment of detection probabilities is largely specu-
lative, so that the combined assessment may not inspire great confidence. Empirical studies, such as that of McGrath and
Borden’2’ produce usable data for the area tested, but there are serious problems in generahsing the results to other
geographical regions. The requirements for maintaining orientation and for target detection may be so different that
separate displays are needed for the two roles (Dure371). In practice, larger scale maps are used more for identifying targets,
IPs and for line-search reconnaissance than for transitting en route. The specification of guidelines for choosing fixpoints
to assist and confirm positions en route is a recurrent problem, particularly in view of the interactions between feature
detection and navigational accuracy (Heap’24 ). Some assistance may be afforded by suitable training and familiarisation
with the principles of perspective geometry in relation to viewing terrain from an oblique angle (Larve et al.45m ). Flight
data give some encouragement to theoretical studies of the visual factors which determine target conspicuity and which
guide search patterns (Davies6”). If the findings from such studies can validly be applied, it could be concluded from the
work of Rappaport”7 that visual redundancy might aid recognition in noisy displays and that successful map-terrain
correlation might be more probable w ith larger scale maps. Boynton and Bush”’ demonstrated that the manipulation in
controlled experiments of basic psychophysical variables such as contrast , size, and distance may elucidate useful principles
in defining the variables which are relevant to the performance of visual air reconnaissance.

The method of relief portrayal on the map is particularly critical when the map is correlated with terrain viewed
obliquely from the air (cf Chapter 9a). Shaded relief has been widely used to create a three-dimensional impression, but
variations in the application of hand drawn techniques and the unidirectional nature of the shading limit its usefulness.

4 Profile drawings and oblique perspective three-dimensional graphics with vertical exaggeration give a vivid impression of
terrain shape, and are easily correlated with the scene outside the cockpit when the view-point is the same. These may
facilitate the identification of targets when the direction of approach to the position is known in advance. Research is
needed to show how critical the correspondence of viewpoints is for matching performance. Automation in cartography
has increased the practicability of perspective maps and they could readily be included as inserts on filmstrips for moving
map displays for mission specific identification points and waypoints. Perspective views are almost certainly to be made
available as options on computer generated , cathode ray tube map displays. It should be recognised though that in present-
ing an artificial, stylised view the critical aspects of terrain for navigation purposes must be identified before successful
electronic simulations can be made (Gartner”’). The images which were simulated had some affinities with those postu-
lated by Gamezo and Rubakhin62’ as a result of their studies of how an aviation map is visualised in terms of terrain.
Such images could be used to assist training by demonstrating when the image had been correctly formulated from the
map, and by revealing the nature and causes of errors in image formation.

_________ ___________________________________
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In spite of many problem ana lyses , laboratory studies , simulation exercises and flight trials , the difficulties associated
w ith providing maps which complement terrain viewed from the air have not yet been satisfactorily overcome. There is a
series of problems , t he nature of which depends most on aircraft height , speed and operational role. For some roles , the
ideal map may be unattainable , as for example for low level close support helicopter operations at night , w here t he
constra ints are so severe that no map m a y  successfully resolve all navigational problems. In other circumstances , a sat is-
factory solution has proved elusive despite painstaking work , and a map series has proved disappointing in use , although
recommended procedure s appear to have been followed in its development and procurement.

Gaps remain in our knowledge of what information is needed on a map for a given purpose, and how it should be
portrayed. The basic difficulty is still encountered , that many terrain features which are visible from the air do not appear
on the map, and that many of the features on the map are not readily visible on the terrain from the air. Pattern distortion
assoc iated with angular viewing of the terrain cannot yet be allowed for satisfactorily on the map, and therefore the
matc hing of map and terrain is rarely of similar patterns but of one pattern , the map, w hich shows the relative positions
of feature s approximately as they arc geographically, and another pattern, t he terrain viewed from the air , which is
subjected to gross and progressive distortions in one or both dimensions. Evidence on how to optimise the matching of
such patterns, and how to compensate for pattern distortion by map specification and design, is sparse , to the extent that
it is not known how far such an approach might prove to be feasible. Within the map there are difficulties of portrayal
because the relative operational importance of cartographic information categories is a main determinant of the visual
emp hasis that is given on the map. Hence the patterns of information which are most readily discerned on the map, such
as airfields, are those which are significant for critical tasks, but these patterns may be quite unrelated to their visual
prominence on the terrain viewed from the air. Attempts may even have been made to camouflage on the ground the
features of greatest operational significance such as pylons or military installations. The results in that the patterns which
are most prominent on the terrain viewed from the air may correspond very little with the most prominent visual patterns
on the map of that terrain. From such evidence, the conclusion seems unavoidable that further improvements could be
made, if required, in designing maps suitable for use in conjunction with a view of the terrain from the air.

lOb CONTINUOUSLY-GENERATED COLLATERAL DISPLAYS

Technological developments have produced a proliferation of sensors and displays which can be used to provide
indirectly sensed, continuously-generated terrain information within the cockpit. All pose the problem of huw maps can
be used with them for maximum operational efficiency. All are far more inflexible than maps in the form in which they
can present information to the user. Therefore, opportunities to adapt these new displays to make them more compatible
with existing maps are limited. Most frequently it is the maps which have to be adapted to the displays. The main
pract ical problems are therefore to define what information is needed on the map, and to consider how it should be
portrayed to facilitate correlation with the sensor imagery. Processes of experimental evaluation and verification are
also essential.

The display may be a low-light telq4ision picture , a radar display (processed to various degrees), a side-scan radar
display or an infra-red line scan dispIay~ It may be presented on a cathode ray tube, or recorded on film or tape. It may
be displayed and recorded , or merely recorded. It may look quite like the terrain, as in a TV picture of it, look very
different from the terrain, as in an unprocessed radar display, or look superficially similar to the terrain but be different
from it , as in an infra-red display.

Each display poses specific problems of interpretation for its users. With training and familiarity, the user learns
w hat kinds of feature generally appear on the display under a variety of operational conditions, and the visual appearance
which they typically have. He thus learns to interpret and use the display, and to select what is relevant for a given
mission. It may take much longer to recognise what the main sources of error and misinterpretation of the display are.
If the display proves to be inadequate for a mission, it may be difficult to determine why it has failed, or whether it could
have been interpreted differently to give better prospects of success.

With every new display producing continuously-generated material in the cockpit , the same basic questions arise in
relating it to aviation maps. These are: —

(I) Is there any role for a map in relation to it?
(2) If so, in what ways could cartographic data enhance the value of the display?
(3) What cartographic information should appear on a map intended for use in conjunction with the display?
(4) Is the map information needed at the same time as the new display; if so should it be separate or superimposed,

and in what form is it required?
(5) Is it necessary, or feasible, to match automatically the terrain on the display with the map of the same terrain?
(6) Does any existing map contain the required cartographic information in a suitable format, or does the new

display require new maps?
(7) Have the categories of cartographic information which the new display requires been surveyed, and can they

all be portrayed on a map without ambiguity?
(8) How should the adequacy of the maps in relation to the new display be measured and evaluated?

-v - -. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—.—
~
. —.--.- -,- -_ —-w_-— —~~~~~~‘ 

.—.-— - . - .-- - - ..— .- - — .— - - -



133

Although it is a simple matter to pose such questions, satisfactory answers which could lead to an effective map speci-
fication can be elusive. There may be no definitive answer to the question about what information the map should
conta in, because no one is sure what will appear on the new display: what does appear may depend a great deal on highly
specific circumstances , and general answers may not be forthcoming. Certain features may appear reliably, but be
obscured in a dense clutter of other information which cannot be mapped. Some features may frequently be displayed,
but their relative prominence , and therefore detectability, may be unpredictable. Map specifications must classify the
information into different categories, but the display with which the map will be compared may not consistently accord
visual prominence to any cartograp hic categories. Even radar displays of terrain are directional, w hereas the map must be
useable with radar displays no matter where the aircraft is in relation to the terrain.

Continuously-generated displays may be subject to the problems of dynamic visual acuity. The movement of moving
map displays is within the limits for dynamic visual acuity (Card et at.”) but large scale dynamic displays showing the
terrain being flown over in high speed low level flight may have an angular velocity which prevents the discrimination of
detail , and allows glimpses of features only if they are large, distinctive , and with good contrast. Ultimately, if the scale
is large enough, the height low enough and the speed fast enough, the whole display becomes an unusable blur to the
viewer. If such operational conditions are envisaged, it may be most important to portray on the map any large distinct-
ively shaped features which may still be identified under the most adverse conditions .

Evidence on dynamic visual acuity obtained from laboratory settings may be expected to remain valid under
operat ional conditions, unless there is an additional relevant variable present , such as vibration or turbulence, which has
effects on dynamic visual acuity in its own right. Findings such as that of Lippert”°, that angular velocity giving zero
legibility was about three times as great as that giving complete legibility, are likely to remain broadly true in other
conte xts with similar experimental material and viewing conditions. The figure of 8 degrees per second for the minimum
angular velocity at which searc h performance for alphabetical targets began to show a decrement might also be a useful
guide to expected results elsewhere with broadly similar material (Williams and Borow”). Their finding that displays to
be searc hed should move horizontally rather than vertically for efficient search performance may be general, but could
be an arte fact of the experimental material, and is best treated as a hypothesis requiring verification in other contexts
where it is a practical option. Such constraints represent fundamental limitations in the users of displays, which cannot be
c ircumvented except by reducing the angular velocity. As long as the role of aircrew includes the integration and
correlation of different sources of navigation information and the verification of system performance (Polhemus’~~),
the limitations imposed by such constraints must be accepted.

Adapting maps to new types of display often leads to potential sources of error or inaccuracy which have to be
circumvented. The corrections necessary in compiling roller maps for navigation displays were discussed by Abraham”3,
and depend on factors such as scale and projection. In matching a continuously generated display with a topographical
map used as a reference , est imates of magnitude and direction of any offsets have to be made if they are to be corrected,
and Diamafltides”4 suggested that the reference map could be designed to facilitate estimates of offset in cross correlation.
Diamantides”5”6 pursued this idea by noting that if continuous tone was converted to black and white equivalents,
pattern could be described in simple and quantitative terms. This description would in turn permit correlation of any
pattern with any other pattern similarly derived, and offsets could be detected and correlated by pattern matching. More
elaborate recent processes of digital scan conversion, applied for example to infra red line scan material (Berry677), allow
this principle to be extended to the matching of more elaborate patterns if the operational gains warrant such effort
and commitments.

One envisaged role of the moving map display was to enable the offsets associated with navigation errors in the
automate d systems in the aircraft to be detected and correlated by visual or radar fixes ; it was also considered that
the moving map display would help in interpreting other continuously generated displays within the cockpit (Roscoe’°3).
The correspondence between the scale of the map and the sensor information, and the equivalence of the area displayed,
may affect matching performance; Enoch20’ has shown that the size of the display affects the efficiency of eye movements
during search. A possible source of ambiguity is whether such displays show north at the the top or direction of track at
the top, and how this decision should affect the nature and orientation of reference map material. While it may be feasible
and desirable to provide a facility to enable a moving map display to be updated from other sources of’ evidence (Lewis
and Anderson3’

~), the possibility then exists that the updating will be wrong from time to time. This raises the question
whether any updating whatever should be accepted, or whether the automated navigation system could be used to define
a region of plausibility of error, outside which proposed updatings would not be accepted by the system without some
requirement to crosscheck, confirm, or obtain further data.

An implication of some map-matching studies was made explicit by Braids”. In emphasising the advantages of
matching and of navigational accuracy which moving map displays combined with radar can bring, he pointed out that ,
for matching purposes, accurate updating may still be achieved when there are distortions and inaccuracies in the displays
being matched. Various disc repancies and omissions of information can be tolerated in matching tasks without penalty,
in ways which could not be tolerated if either display was being used by itself. The studies of Lichte5’ encountered the
problem of classifying radar returns in terms of the extent to which they permitted positive identification of features,
hut matching renders this much less necessary for any one feature, and it may still be possible to match patterns without
successfully identifying specific features in them. Since radar returns emphasise terram, it would be expected that
enhancement of hill shading on a map intended for radar-map matching would improve the interpretation of radar
returns in hilly terrain at low level, (Barrett et al.~ ’). Many of the changes designed to improve the map for radar
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matching may have benefits in other contexts which also require reduced information density, the elimination of
visual clutter , and changes in the emphasis of colour and contrast coding.

The work of McKechnie 1t
~”3’ demonstrated that increased information about targets provided in the form of

map annotat ions is of great importance in identifying them on side-ways looking radar imagery and in reducing
identification errors. He used a range of targets of significance for tactical operat ions. As more information was
provided about the targets , more targets were correctly identified, and fewer errors were made. Results depended
very little on aircraft speed, and apparently the choice of map was not critical either, as long as targets were circled
on it. Since under certain experimental conditions very good performance was achieved, the selected targets must
have been clearly discriminable, and performance might not be so impressive with other material. However , the
studies provided a convincing demonstration of the vital role of maps in relation to continuously generated material,
at least when targets can be designated beforehand. The availability of the map during or before the flight did not
in itself aid the location of targets on side-scan radar imagery (Welch and McKechnie436 ), and it was target marking
on the map which produced spectacular improvements in performance. However , it does not follow that briefing
or previous familiarity with the map would never be worthwhile for interpreting side-ways looking radar, and
McKechnie and Griffin”8 subsequently demonstrated that appropriate briefing material could compensate for high
rates of image motion. The marking of a target on the map presupposes that it will be visible on a side-ways looking
radar picture of the appropriate terrain. A similar problem was discussed by Leonardo” in relation to a continuous
strip derived from radar by photographing a cathode ray tube. An attempt was made to specify similarities and
dissimilarities between the radar map strip derived in this way and conventional photographs or maps, in the broader
framework of evaluating the role of photographic and cartographic techniques in relation to a variety of alternative
recording systems.

Image-intensification night vision goggles (NVGs) present an unusual problem in that the map that has to be
compared with the terrain image may have to be viewed through the same sensor as the terrain. The monochromatic
image and poor resolution of night vision goggles make map reading an almost impossible task with conventional
maps, even when the goggles are focused down onto the map, and not onto the instruments for the lower half and
at infinity for tf~i~ upper halm~ where bifocal goggles would normally be focused. Special purpose, black on white,
maps need to be designed for use with NVGs to overcome the resolution problem, and even then it is uncertain that
these would be acceptable when the operator has the option of taking off the goggles to look at the map or relying
on a second crew member to do the map reading (Barnard406).

One fundamental problem is that it is not valid to presume that a cartographic category or a particular kind of
feature will be reliably visible on one kind of material, just because it has been on other kinds. Because of this, it is
necessary to start without preconceptions in evaluating the information which appears on a technologically new
display. Earlier studies on different kinds of material may provide useful classifications of features which may be
followed, and may be helpful in indicating the tasks and experimental methods which have been most successful for
eva luations in the past , but they cannot provide evidence about specific features and categories which can be taken
on trust w ithout verification if different sensors are used. Thus, with a new display such as digitised infra-red linescan,
the nature of the sensor can be used to predict the kinds of feature which would he highly visible (such as metallic
surfaces) and the kinds of conditions which might impair the visibility of features (such as weather, ambient tempera-
ture and time of day) but hypotheses so derived still must be verified with suitable experimental material.

fOe PHOTOGRAPHIC MATERIAL

Photographic collateral material has thre e distinct roles in relation to aviation maps. Firstly it may be used as a
source of up-to-date and detailed information to aid map compilation and production. This vital role, discussed
elsewhere , is not recapitulated here , except to note that this requirement may determine the nature of the photographic
mater ial available for other purposes. Secondly, photographs may be used in conjunction with maps in order to plan.
execute or evaluate a mission. Here the map and the photographic material are physically separate , and each is used in
various ways to assist in the interpretation of the other. Thirdly, photographic material may form the primary display,
on w hich cartographic annotations are superimposed to add information or to change the visual emphasis.

The value of air photographs as an aid to map interpretation, and the value of maps as an aid to interpreting air
photograhs , have long been accepted for military purposes (Lobeck and Tellington’5); each can be an invaluable source
of comp lementary information to the other 1M )~ Sometim es the use of air photographs is a necessity
because , for many regions of the world , mapping is still inadequate , and the availability of suitable air photographs
determines the content of the maps which do exist , there being no alternative source of reliable and detailed informa-
tion. For many regions too , the photographic iLlfo rmation is much more complete and detailed than that on any
map, but this does not imply that all the detail on the photograph can readily be interpreted or that all the information
needed for mapping is present on the photograph in a form which can be understood. Hence , t he interpretation of air
photographs is recognised as a skill requiring knowledge and experience. Some information , taken for granted on
topographical maps, may not be present on corresponding air photographs: undulations of terrain and continuous
gent le slopes may not appear on photographs taken vertically, and certain vertical features on the ground may be
unrecognisable. The most prominent features in an air photograph do not necessarily have most operational signif’i-
cance , and visual balance is not controllable in a photograph to the large extent that it is on a map. Air photographs
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are taken for many purpo’-es , not all of which have any relevance to maps (St. Joseph’35 ).

Many ways of using air photographs with maps have been considered or tried. Bishop et al. ~~‘, in their study of
mapping for helicopters, suggested that the map should be scrutinised as the sole navigation aid, and recommended that
its use jointly with air photographs should be explored. For a radar bombing task , Daniel et al.55 devised and tested a
procedure in which photographs taken along the bombing run were matched with maps, and they showed that bombing
errors were mainly caused by perceptual factors. Map m atching provided an effective means of tackling the problem, and
could serv e also as a training aid. Lichte et al.58 demonstrated that prior familiarity with an appropriate map enhanced the
ability to locate targets subsequently on photographs, although they advocated bold symbols for relevant cultural features
on t he map. Berry and Horowitz 5m5 set out to demonstrate that for some Army Asiation purposes air photographs may be
as good as, or better t han, maps. They concluded that people with no relevant training could interpret air photographs
more e fficiently than maps, and they suggested that topographical symbols should in general be more pictorial, to improve
t heir interpretation. As might be expected , they found that terrain height was more easily determined from oblique than
from vertical air photographs.

The use of air photographs has generated studies on how they should be interp reted , and on the processes involved
in doing so. which Hempenius et al.’~° had difficulty in defining. The model which they proposed included the effects of
met hods of observation, of expectations , of confirmation techniques, and of discarding hypotheses. An alternative
approach was adopted by Sadacca and Schwartz215 w ho applied Torgeson’s’8’ multidimensional scaling techniques for
identifying factor loadings to assessments of photographs in terms of their potential usefulness as sources of intelligence
information. the intention being to improve the performance of image interpreters by developing scales of image quality.
It was found that image quality was assessed by photographic scale, sharpness, contrast and content. Image interpreters
also partic pated in an experiment in which designated targets on photographs had to be located on maps in paper or
projected form (Laymon305 ). The former was preferred, but the finding was influenced by an experimental artefact;
if the photographed region overlapped two maps, the maps were combined in paper form but had to be viewed sequentially
in projected form, which led to longer viewing times. A further variable was that the photograph was fixed or could be
oriented in relation to the map, but this variable did not affect the ability to find on the map the designated feature on
the photograph.

Most studies on the detection of targets have examined psychophysical attributes of the target, and many of these
attributes have some apparent relevance to target detection (Kause ’37). But the probability that a target will be detected
depends also on characteristics of the detector. Thornton et al.258 established that the ability to identify targets in air
photographs depends to some extent on perceptual style. This concept is derived from Witkin et al.’82 and refers to the
fact that the ability to extract a v,sual item from an embedded context is associated with field independency and is a
relatively stable individual characteristic , while still permitting some improvement with training. Attempts to predict
target detect ion performance by classifying characteristics of the targe t and of its background continue to be made
(Zaitzeff’83 ) and can successfully account for most of the variance by considering many factors, some of which are highly
correlated. There is always the problem of defining and weighing all the factors in predicting the detection probability
of a given specific target of operational significance, w here prediction becomes complicated and often not sufficiently
accurate to justify all the effort involved in making the prediction. Since so many psychophysical and individual factors
have been shown to be relevant, accurate prediction of detection performance of a specific target , as distinct from a group
or class of targets, may continue to be uncertain.

The variety of image producing sensors which may be avilable in flight, and the quantity of displayed data which they
generate , lead to difficulties in analysing and evaluating so much information, and to a search for quicker and cheaper
means of extracting the information needed. In this context , Olsson”‘ explored the application of spatial sampling
techniques to identify and measure geographical features on air photographs and maps. The technique seems to have
some limited applications. Some modern displays generate problems by preventing the use of traditional aids. The
commonest of these is probably annotation, where the conventional paper map has the advantage over more sophisticated
displays of cartographic information. A criticism of projected map displays has been that they cannot be annotated , but
Fromm and Gray”5 showed that in principle this might be possible photographically by coating the film, a somewhat
unconvent ional use of photographic processes with aviation maps. The annotated layer could be dissolved and replaced
without damaging the map.

In designing maps, there is by now a wealth of experience which can be used to help decisions on content and
portrayal, but if the air photograph is the primary display, the main relevant research has been on pattern perception
and interpretation, rather than on how to use it as a map and how to annotate it. It may be possible to use air photo-
graphs, or derivatives from them, for navigational tasks which have hitherto required maps, but the performance levels
which could be achieved with photographs are uncertain, and the best ways of adapting them for new roles are as yet
undiscovered. A variety of image-based maps, such as orthophotomaps, can be specified; initial studies sought to compare
them with conventional maps, partly to see if they deserved serious research, (Hill’s ). When it had been shown that,
though generally inferior to standard line maps, they could be useful, the next step was to produce orthophotomaps in
alternative ways , varying their general appearance and amount of cartographic annotation , to find out what the optimum
format of orthophotomaps might be, and whether changes in their appearance affected performance with them. It did
not, although the task used was a laboratory one with limited field application (Hill~~). Tasks were then expanded,
together with physical viewing conditions such as lighting, and field tests as well as laboratory tests were used (Hill516).
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Differences in performance were generally small, but tended to favour the standard map over the orthophotomap, as

did the more limited studies of Smith”5 on point symbol readability on an orthophotomap.

Some of the problems of image based maps, which Johnson’°’ suggested should be the subject of research, have

still to be resolved. These include the basic ones of how to optimise the map, w hen to use it, how to annotate it , and
how to compensate for such deficiencies as comparatively poor relief representation without taking away any of its
potential advantages, which are themselves only vaguely defined. These begin with the initial impression that an air
photograph looks more like the view of the terrain from the air than a map does. Features on the ground therefore
appear on the photograph as they look from the air, and do not have to be represented by a symbology which may not
even be meaningful or pictorial. It is conceded that some features of operational importance may be visible on an air
photograph, may lack visual prominence commensurate with their importance, or may look unfamiliar and remain
unrecognised, part icularly if they are vertical. Furthermore , the air photograph shares with many other images sensed
from the air the problem that much of the information on it is visual clutter. This is of no use for any’operational
purpose, and often constitutes a source of performance degradation, because it obscures, changes the appearance of, or
affects the visual prominence of what is important. Yet the idea persists that these difficulties could be overcome
because annotation can ensure that what is most important is present and receives suitable visual emphasis. Often in
principle it can , particularly for regions already well mapped ; but annotation progressively alters the visual balance
and undermines the claimed benefit of a close correspondence between the air photograph and the ground. An implica-
tion of annotation is that it can be added without obscuring other important information already present on the
photograph. Annotation must also rely on information from another source for the accurate addition of information
which is not present at all on the photograph. A road may be present but invisible on the air photograph for example,
because of trees. If it is added when it cannot be seen, this may initiate a fruitless search for a feature which apparently
is not there. If the mapping for a region is poor, there may be evidence of the approximate position of a road, but not
enough to annotate it on a photograph which does not show it.

There remains the recalcitrant problem of terrain. It seems to be assumed that it is operationally essential to find
an acceptable way of emphasising terrain by annotating air photographs in an appropriate fashion. It is debatable whether
a suitable convention exists which would allow this to be done to acceptable operational and perceptual standards without
obscuring other information of importance on the photograph, or other annotations, and without adding more clutter
to the excessive clutter already present. The successful integration of air photographs and ca rtographic information has
not yet been achieved in any way which could not be improved upon.

lOd JOB AIDS

The concept of job aids covers all items within a working environment which are ancilliary to the basic functions
and equipment. Often job aids are portable, and some have temporary or transient relevance. They may assist the actual
performance of the task , or the choice of procedures and the fluency with which they are followed. From the point of
view of flying an aircraft , av iation maps may themselves be construed as job aids, since the maps are not an intrinsic
part of the activity involved in controlling the aircraft , but contribute to its correct nav igation and do so more efficiently
if the most appropriate maps have been chosen for the mission. However , in the narrower context of this volume , where
successful map reading is taken to be the primary task , job aids refer to the manuals, instructions, procedures, tools, and
items of equipment w hich facilitate the map reading process or make it more efficient. s

Job aids usually apply to the performance of tasks under operational conditions, but they may also refer to training
met hods and they should normally be a feature of the total design. The map design should therefore have been influenced
by the job aids with which the map would normally be used. The aids should have been designed and selected to comple-
ment and be appropriate for the aviation maps, to facilitate the performance of certain tasks. A good job aid should have
specific and clearly defined functions, so that there is no ambiguity about the circumstances when its use would be
appropriate. Accordingly, it should have been designed from the outset to be suitable for use in a known manner with
a particular map under specified circumstances.

An early attempt to design a job aid was described by Cramer et al.330 . Firstly, they identified the purpose of the
aid , in that it would provide essential information to meet a particular requirement not already being met adequately.
The aid was intended to provide, for single seat aircra ft on routine cross country missions, a collated listing of relevant
navigational data assembled from many sources into a single display. Secondly, the kind of aid needed was defined as
one which collected the data into a standard format , showing interrelationships and sequences. Thirdly, a more detailed
analysis suggested that a tabular format would he appropriate , and its detailed content and layout were recommended
after full consultations with its potential users. The aid was then made. The fourth stage was to evaluate it (Cramer
et a l.401 ), in order to demonstrate that it was better than any available alternative , and , if necessary , to improve it further.
The above stages arc the normal ones in developing and testing a job aid.

Certain job aids are intended for use directly with the map itself, and may also be treated as tools. Examples are
proportional dividers and the opisometer (Monkhouse and Wilkinson ’39 ) which may have distinct but related functions
in map production and in map usage, and, str ictly speaking, are job aids only in the latter role. A variety of aids are
devised h permit tasks to be done with the map which could not otherwise he done so well. An example was Snell’s”
proposed aid to analyse the line of sight between any two designated points on a map, without recourse to drawing
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eart h prof iles. Another example was a job aid in the form of predrawn reference angles on cards or on maps which , it
was hoped (erroneously), would improve the ability to estimate angles of drift directly from maps (Wailer and Wright3

~~).
An example of a different kind of job aid was the attempt by Fromm and Gray~~S to devise a means of annotating
projected moving map displays, thus enabling the transparencies to be re-used. Even such a simple process as circling
targets on a map to facilitate their location on a sideways looking radar display may prove to be an effective job aid
(McKechnie 2m8 ). Alternative ways of presenting briefing material may prove to be equally effective as job aids , once
the value of briefing material as a job aid has been established (McKechnie and Griffin’08 ).

Other job aids may be related primarily to a particular function. Nelson et al.216 discussed the reference materials
(job aids) required for an image interpretation task. They were concerned with the roles of such aids, rather than with
the detailed design of each. Broad views of job aids were adopted by Watkins383 and by Adderley3” . The former was
particularly concerned to trace the origins of the format and content of various job aids for the pilot , and the extent
to w hich they were influenced by international standards. The latter made an attempt to define how aircrew documen-
tat ion might be improved. Documentation includes various manuals, logs, brie fing data , orders, notices, maps and charts.
Some are spec ific to the airc raft , some to the crew , and sonic to the mission, its objectives and the prevailing conditions.
As job aids, many could be improved to meet the pilot’s requirements more adequately and quickly, and to permit the
relevant information they contain to be found more readily when it is needed.

The specification, design and evaluation of job aids are a subject for study in their own right. In general, the standard
human factors principles for the design of displays and controls, summarised in human factors handbooks, can be applied
to job aids, w ith due allowance for any particular environmental factors such as vibration or red ambient lighting. Job
aids can be analysed also by standard techniques such as checklists (Easterby96 ).

The normal practice in considering job aids for tasks using aviation maps is to design and adapt the job aid to fit the
map, but not to allow the map design to be much influenced by the requirements of job aids with which the map will be
used. In general, this approach represents the correct emphasis, but may take it too far. Aviation maps have to be used
in conjunction with various job aids in the form of manuals and other documentation. These should be designed so that
it is apparent from their format , layout , construct ion or coding which maps they pertain to. But if a map is intended to
be used frequently in conjunction with certain documentation, it is advantageous to use aspects of the map design to
faci litate cross-referencing to this material, if this can be done without any impairment of the efficiency or utility of the
map in its operational roles. Various methods which might help to achieve this aim can be formulated. They include tags .
marginal annotations, and notes incorporated in the legend. A further practical method is to ensure that the physical
aspects of the map sheet size, sheet divisions, methods of folding, methods of cross-reference to adjacent sheets, and
so on - - follow the same classifications as those for other aids and documentation , so that knowledge of one can be used
together with a simple coding cross-reference system to provide quick and reliable knowledge of the other , it would also
he an asset if the map contained more information, even if only as footnotes to the legend, on available job aids with
which the map had been designed to be compatible.

An aviation map takes a long time to make , is relatively infrequently revised, can port ray only a small and selective
portion of terrain features, is only one of many aids to aerial navigation, and contains a great deal of information which
cannot be fully and accurately measured and interpreted without some form of assistance: therefore there are many job
aids which may complement or supplement it. These may give more specific information which is needed for a particular
mission, more up-to-date information, or inform the aircrew about relevant factors which would not normally be mapped
at all. They may permit the map usage to be extended — by accurate route plotting, distance measurement , heading
derivation, and deduced timings. They may permit information to be added to the map, by annotation, overlays or
other superimposed material. They may extend the display techniques for presenting the map, or the circumstances
under which it can be used. They may add to the range of tasks for which the information on the map is relevant , where
t he limitation has been imposed not by the map content itself but by the inability of the user to perform certain functions
with it or to make certain extrapolations from it. Appropriate job aids in the form of various tools or equipment items
may extend the man’s capabilities and hence those of the map.

The multiplicity of job aids which may be used with aviation maps prevents a detailed examination of each in the
present conte xt , but in any event , such detail would tend to be superfluous. The basic principles are to identify functions
for which job aids could be appropriate, define the nature of the required job aid, specify its details in terms of such
factors as the speed, precision and accuracy to be attained in use, construct it according to sound ergonomic design
principles, evaluate it , and if necessary modify it until its envisaged aims are satisfied. In this process, characteristics of
the tasks , of the users, and of the environment must influence the design. In particular, a job aid is, a priori , not intended
to be used in isolation, and therefore should never be designed as if it were . Its design must be compatible with the design
of what it is aiding, facilitating cross-referencing, precluding ambiguities, and encouraging efficiency in use . The circum-
stances when it . is needed should always be obvious, and its design should help to make these apparent. However , cross-
referencing, aiding, and providing complementary or supplementary information are two-way processes. Therefore , while
the primary aim must be to design an aid to relate to the map, it is also reasonable to expect that , at the very least , the
design of the map does not hinder the provision of effective job aids for use with it, and preferably includes some positive

• design features to enhance the effectiveness of associated job aids.
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lOe VERBAL INFORMATION

An aviation map is a visual information display. Anomalously, the specification for producing it is initially expressed
in verbal and not visual terms. The functions which it is intended to fulfil are stated verbally. Verbal instructions describe
how it should be used. Missions, routes, targets and destinations are expressed in words. Reports depending on the map
information are spoken or written. Map users in different places who need to liaise or confer must use words to convey
to each ot her their intentions referring to map information. Words are used in briefings and debriefings, and to relate
maps to various kinds of collateral material. The map legend provides a code to convert visual features into verbal
concepts , and the meaning of the map content is ultimately verbal in the sense that it depends on the interpretation which
the user puts upon the names for categories and sub-categories of cartographic information. The practical implications
of this intimate link between the aviation map and verbal information have been strangely neglected, and with few
except ions (Taylor and Hopki&5’) the consequences for operational efficiency have not been pursued or subjected to
research. Some of the more abstruse aspects of communication theory and language have demonstrated the impossibility
of conveying in verbal terms the intricacy and complexity of many cartographic interactions and relationships, and have
thus focused attention on the map as a visual communication medium which cannot be fully and intelligibly dcscribed
solely in words.

Cartography, whether construed as a science , a technology, or an art , has its own technical language. Often this
relates the manipulation of variables within cartographic printing technology to their visual consequences on the map.
The subcategories of a cartographic feature are distinguished by characteristics of their visual appearance on the ground,
rat her than by their functions or by their appearance from the air. This technical language remains unknown to most
map users, and if it is known to them it is not much used; the distinctions it makes may have little operational
consequence. Therefore the language used to define much of the map content and particularly the details of its physical
appearance is not used thereafter to say what is on the map. As far as the user is concerned, there is often no direct
verbal equivalent for many of the visual distinctions which the cartographer has been at pains to make , or for the means
he has used to achieve them. The technical language of cartography, as expressed for example in the contents’ pages
or indexes of texts on cartography such as those of Monkhouse and Wilkinson’39 or Keates ’20 , is not the language of the
user: it refers to the technical methods of port rayal and to the map itself, but not to the terrain which the map purports
to be representing. The user’s language with reference to maps is not that of the terrain features it portrays. In describing
relationships on the map, the user relies on the language and concepts appropriate for describing the corresponding
re lationships within the terrain depicted on the map. Thus, the user’s language may not be the most efficient verbal
means of describing what is on the map or of referring to map content.

In the first paragraph of this section, various ways were suggested in which verbal concepts interact with the aviation
map. Not all of these ways employ the same verbal concepts, since some relate to the cartographer, some to the map
user , and some to the operational planner. Maps are not designed primarily to facilitate the verbal communication of
their content. For many operational missions, the value of the map depends not so much on what the user sees on it as
how well he can verbalise what he sees. To specify the meaning of a symbol on the map, the map reader uses words.
Much effort has been expended towards making the portrayal of map features clear, and visually prominent if they convey
operat ionally significant information. Efficiency and clarity of portrayal may be the cartbgrapher’s main intentions but
do not suffice to ensure that the map meets the user’s needs. For it to do so, the user must know the meaning of the
portrayed symbology. A symbol on the map may be visually prominent and attract the user’s attention, and it may
convey information of great operational utility, but all this is of no avail if the user does not know what the symbol *

means. In practice , this generally implies that the user has to be able to specify verbally the feature which the symbol
represents , and to understand the symbol in terms of a terrain feature.

It is possible for the user to make deductions if he does not know what a symbol means and has no legend to refer
to. Two main kinds of deduction are possible. One refers to the nature of the symbol itself and the extent to which it is
intended fo be pictorial. Pickaxes may denote a mine, or an aircraft shape an airfield. The second refers to the context of
the symbol on the map. A particular symbol which regularly occurs on a thick black line within or near numerous other
symbols and patches of a distinctive colour, and never occurs anywhere else on the map, may be deduced as a railway
station if the user knows that a thick black line represents a railway, the numerous other symbols denote man-made
features and the colour patches are town fill. This deduction may be made, even though the symbol has no physical
resemblance whatsoever to a railway station. However , any procedure which requires deductions of the meaning of
symbols is bound to lead to mistakes from time to time, particularly when some symbols on the map do not represent
physical features on the ground visible from the air. It is difficult to make pictorial symbols unambiguous for all
users under all circumstances. In many contexts , an unknown symbol could plausibly represent a number of different
features.

In practice , the map reader can only use those symbols the meaning of which he knows. In talking to others about
the map content , he can refer only to what he can verbalise and understand, which may be much less than what he sees.
He may not comprehend messages he receives if they refer to features on the map which are meaningless to him or have
no verbal counterpart . Much of the detail on the map which the cartographer has assembled and portrayed with such
care may seldom be referred to . The significance of much subtle subcategorisation, relying on relatively small changes
in symbology, may fail to be appreciated by the user. It may be comparatively rare to find a regular user of aviation
maps who is totally unfamiliar with a major legend category or a major set of symbols although not so rare as is often 
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supposed. But it is comparatively common to find that distinctions between subcategories are ignored, so that adjacent
examp les of a feature , w hich have been carefully portrayed with different subcategories of symbology as an aid to
discriminating between them, become confused because the users failed to recognise or could not verbalise what the
subcategorisation was intended to convey. For example , if hachures have been employed to classify degrees of slope,
muc h of the resulting information may be readily visible to the user , but if the relevant distinctions cannot he verbalised
or are not understood they cannot be used by the map reader and he cannot convey their meaning to anyone else.

Having identified the problem of the relationship of verbal information to maps , the next step is to contemplate
possible solutions. One must be to try and narrow the gulf between the cartographer ’s and user ’s terminology and
concepts. It would be helpful if each understood more about the other ’s tasks and difficulties. More adequate instruction
is needed to enable users to understand the map better than they generally do. An approach to map design would be
helpful which ensured that all discriminations in symbology have a clear and unainbigious verbal label and that they
correspond with verbal concepts of the user rather than with technical concepts of the cartographer. Difficulties are bound
to arise if a distinction has been agreed in cartographic terms but there is disagreement on how to describe it in words.
Verbal labels should preferably have some correspondence with operational concepts and mission descriptions; otherwise
missions are described in yet another set of terms, w hich appear neither on the map nor on the legend. Categories and
subcategories of map symbology should be described verbally in terms which follow a common logic with the symbols,
so that , given part of the set of symbols in a catego ry and knowing its logic, it should be possible to deduce for the others
both the nature of the symbols and their verbal designations. There is also a specific need in aviation maps to abandon
verbal terminology which has become inappropriate because it relates to ground features which are seldom visible from
the air and operationally insignificant.

Both the subcategorisation of symbols and their verbal labelling may have to be revised to take cognizance of what
is important on aviation maps. Verbal messages need to be succinct as well as unambiguous: this implies discarding
unnecessarily cumbersome verbal labelling while preserving useful visual distinctions. Features on the ground which are
prominent when viewed from the air , and which are operationally important as waypoints, navigation fixes or potential
targets, may require , for aviation map purposes, a brief distinctive verbal label even if their importance on the ground is
so much less that they are not accorded a distinctive label there. To put this point another way, categories and sub-
categories of symbology on aviation maps reflect group usage, as do the words used to denote them. For aviation maps,
some subcategories may be so operationally significant that they should be treated as categories in their own right, both
in method of depiction on the map and in the words chosen to denote them. Other categories may be so unimportant
on av iation maps that , both visually and verbally, they should be treated as subcategories only. In designing maps for
av iation use, it is essential not to choose symbols and then look for suitable labels for them , but to choose only those
symbols for which there is an appropriate unambiguous verbal label , and to eschew symbols which may be pictorially
vivid but verbally vague. As with other visual information displays , so with maps : it is not enough to prov ide information
on air maps in a form in which it could be used, but necessary to ensure that the map reader can actually use and under-
stand it and that includes expressing it verbally.
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CHAPTER II

CARTOGRAPHIC IMPLICATIONS OF TECHNICAL DEVELOPMENTS

Technical developments in aviation often pose new navigation problems that require some adaptation of existing
cartograp hy to take full advantage of the improved technology . Historically , cartographic support lags beliing aviation
technology. As d iscussed in Chapter 4c , t here has been considerable delay in meeting the cartographic requirements for
mov ing map displays (MMDs). Most operational MMDs continue to use standard mapping designed for hand-held
applications (Taylor TM2 ). More recently, image intensification passive night vision goggles (PNGs) have gone into service
in tactical helicopters to extend night capability. The requirements for PNG legible maps are still being researched and
in the meantime aircre w have had to adapt their navigation techniques around conventional cartography (Barnard Ct al. ’29 ).

There are a number of reasons why delays in the cartographic response to new requirements continue to occur. The
protracte d time and high costs entailed in producing new map series and revising old specifications are major factors.
Another reason is that the requirements for cartographi information are often ill-defined or simply not known during
the development of new systems. Most cartographic agencies are production orientated and have limited effort to devote
to research on new products for systems not yet in service. Organisations involved in the development and production of
navigation systems rarely have access to cartographic facilities. Consequently, most new systems try to use existing maps
w henever possible; changes to the content and coding of the maps, if they occur, usually follow criticisms by users after
the equipment is in service . One possible solution to this general problem is to involve cartographers in the system design.
Another is to establish a permanent cartographic researc h and development cell, independent of the producing agencies ,
with access to human factors expertise. The US Army Engineer Topographic Laboratories, Fort Belvoir, Virginia , though
probably the closest approximation to this role, have no permanent human factors staff (Kothe 68 .

I Ia ADVANCES IN NAVIGATION

In the last decade , significant advances in positioning and navigation techniques have permitted great improvements
in the ability to guide and contro l any aircra ft , weapon or reconna issance system. Applications of the major recent
advances in navigation to guidance and control have been described recently (AGARD688 ).

As foreseen by Steakley 373 , tec hnological advances in positioning sensors have been characterised by improved
resolution and reliability. Improved ECM protection and simpler operation may be added to this list. Precision navigation
in the 1950s and l960s normally had to be derived from a variety of sensors with the human navigator deciding the
we ighting of various sensor outputs. Now inertial navigation systems (INSs) with a performance of I nautical mile/hour
CEP are commonplace with the advantage of compactness, security and independence of ground aids (McKinIay 689 ).
Higher performance, low cost , ‘strap-down’ INSs under development based on the Laser Gyro and Magnetic Resonance
Gyro should provide sufficient accuracy for nearly all mission requirements without the present need for regular updating
by visual or radar fixes (Matthews and Bates690). McKinIay 689 considers that it is not unreasonable to expect that an
INS will give accuracies of 100 metres or better on missions in which the flight to the target is between 30 minutes and
I hour. The w ide variety of applications of the present INS potential includes sea-bed survey (Brown and Tait 69 ’) ,
accurate blind weapon delivery and improved landing capability for civil aircraft.

Improved INS performance will reduce the necessity for regular monitoring and updating of system accuracy.
ultimately eliminating the need for visual or radar updating altogether. At present , moving map displays (MMDs) driven
from an INS, indicate inaccuracies and facilitate updating by visual reference to the ground. In the future , the other
important advantages of MMDs, namely improved interpretability of navigation data , increased tactical flexibility, and
the ability to monitor the achievement of the desired flight plan, seem likely to ensure their continuance as an essential
system component (Taylor338).

McKinlay 689 focussed on the importance of accurate flight planning for optimum INS utilisation. I-Ic pointed out
that it is pointless to strive for INS accuracies that are greater than the accuracies of the co-ordinates for IPs and targets
that are the basis of the flight plan. A I mm error in plotting co-ordinates from a 1:50 ,000 scale map represents 50 metres
error on t he ground; to this must be added the inherent inaccurancies in the map due to survey, production and repre-
sentational limitations. Sources of more accurate positional information than maps , suc h as satellite survey and
NAVSTAR GPS, may need to be consulted for optimum INS utilisation. Maps should continue to be necessary for
se lecting routes and turning points according to the prevailing terrain and tactical situation. Automation of position
plotting, flight plan storage , INS data entry, and flight plan display by methods such as the Ferranti Autoplan System ,
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Portable Data Store (PODS) and (‘ombined Map and Electronic Display ((‘OMED) (Bruce 385 : M’:Kinlay 692 ; Aspin 386 )
sce,1~ likely to lead to improved INS utilisation.

Improvements in radar and radio navigat ion systems include UHF DF multiple angulation (Ernst 693 h ground-based
angle measurement technology for en-route navigation (Blaschke and Peukcr 6

~~), TACAN one-way ranging (Bohm695 1,
en hanced ECM resistance by spread-spectru m communication (Sepp6

~~) and new Microwave Landing System s( Beck er 69
~~.Some of these developments m a y  ultimately lead to changes to the content and symbology on charts for radio navigation ,

term inal areas , approac h and landing.

A mapor new development , called the NAVSTAR Global Positioning System (GPS), w ill provide a continuous
sate llite-based navigation system for the mid-1980s , applicable to military and civilian land , sea and air operations
( Parkinson 698 ; (,ou1d699 ). The accuracy obtained by the system will depend on the complexity of the equipment on
t he aircra ft , but it is claimed that on 90~ of occas ions a military user of GPS should be able to determine his horizontal
position to better t han 25 feet and his height to within 35 feet. Three dimensional velocity information is expected to be
accurate to about ‘/2 loot per second. This accuracy will not degrade with time and includes the effects of position ,
weat her and time of day. Such accuracy means that GPS-equipped aircraft will have little use for ground-based navigat ion
aids or airborne mapping-radars. ( PS will probably be combined with an inertial system in military aircraft , giving a
reversionary navigational capab ility. The cartographic implications of GPS are that it will almost certainly bring about the
adopt ion of a new , global co-o rdinate grid based on the position of the master control station (Gould700 ). All land, sea
and air forces will he able to navigate by a common method within a common reference system. Surveys based on GPS
w ill improve the accuracy of cartography to the benefit of precision navigation. Topography mapped in GPS co-ordinates
cou ld be us~d in conjunction with stored values of terrain height for the control of cruise missiles , for a ircraft terrain
avo idance and for weapon aiming. Also under development are the Position Location Reporting System (PLRS) for
batt lefield tactical location in helicopters with a potential accuracy of 10-30 metres (Bond and Lioy’70 1 ), and t he Joint
Tactical Information Distribution System (JTIDS), a Communication Navigation Identification system for ground-based.
airborne and seaborne communications , command and control (BrentnaII702 ).

Ultimately, improvements in the resolution and reliability of automatic navigation systems should lead to perfect
error free performance capable of meeting the most exacting mission requirements. Map reading in the cockpit is likely
to be an increasingly redundant activity in aircraft fitted with advanced systems. Nevertheless, it seems likely that as long
as t here is a man in the system with an executive decision-making integrity monitoring role , there will continue to be a
need for a map/map-based check system to facilitate monitoring and to provide an alternative in case of system failure .
It seems unlikely that map reading will be entirely displaced as a simple, low cost method of aircraft navigation. Even
the most proficient aircre w like to know where they are and where they are going, w ithin a readily understandable
re ference system. Maps and moving map displays are the best means to achieve this and bolster the pilot ’s confidence.
Like orienteering, aircraft navigation by map reading is a challenging task and it could continue as a leisure-time activity
after it has ceased to be necessary for military and commercial aviation.

II b ADVANCES IN TARGET DETECTION, WEAPON AIMING AND GROUND MAPPING SENSORS

Some of the problems of air to ground visual target acquisition are reported in AGARD Conference Proceedings
CP- I00 (AGARD703 ). Briefing and target study with reference to oblique photographs, maps and perspective representa-
tions drawn from maps increase the probability of visual target acquisition (Parkes438 ). Unaided visual acquisition is
difficult at ~ne high speeds (500 knots +) flown in advanced low level strike aircraft guided by terrain following radar ,
radar altimetry and inertial navigat ion systems. Guidance and control implications of terrain following concepts are
reported in AGARD Conference Proceedings CP-240 (AGARD~~).

Recognition of identification points and targets , target acquisition and precision weapon delivery can be achieved
in high performance aircraft with the aid of HUD optical sights, magnified narrow field-of-view television, radar and radar
cursors, and laser range and laser designator sensor cued to the targe t by INS computed positions (Manville ’°5 ; Marini
and Hilgendorf106 ; PickeI707 ; Stahlie ’°8). GPS equipment could also be used for weapon aiming; it has been claimed that
a pre-surveyed target could be more accurately acquired by GPS than by radar in instrument meteorological conditions
(IMS), and that such a system would also be more accurate than visual acquisition in visual meteorological conditions
(VMC). Electro-optical acquisition systems , t he most accurate available today, could also be improved in a GPS-equipped
aircra ft (Gould’°° ). Despite these technological developments visual target acquisition, like en route map reading, seems
likely to be sufficiently accurate as a reversionary mode and for checking system performance to require continued
cartograp hic support in the foreseeable future .

Advances in the resolution, range and fleld of view of ground mapping sensors h ave implications for navigation.
t: m rget detection , weapon a iming, reconna issance and night , a ll-weather operability. Image forming sources and sensors
avai lable for modern aircraft include forward looking radar , TV , Low Light TV , Laser/TV , forward looking infra red .
radar line scan , optica l line scan , inl’ra red line scan , and warning receivers . As discussed in Section lOb each sensor poses
spec ific problems o di iplay, interpretation and map correlation. The correlation of sensory imagery and maps can he
facilitated by driving a moving map display from INS data. Superimposition or side-b y-side comparisons of sensor imagery
w ith MMDs can then be used to check the integrity of the navigation system and to update its accuracy. During
reconna issance , real-time or near real-time analysis of imagery may be possible with the aid of INS driven map displays.
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Auto-correlation of maps or radar prediction with sensor imagery by computer pattern recognition is an attractive
possible development , part icularly for single-seat aircraft but this seems likely to be superseded by improvements in
INS perfo rmance and by the simpler auto-correlation of digitised terrain deviation with radar altimetry. Conventional
maps may not give the optimum pattern information for auto-correlation. Maps may need to be modified in content
and coding, converted to digital form , or rep laced by digitised satellite imagery in order best to facilitate computer
matc hing. The kasibility of detecting changes in reconnaissance imagery, such as vehicle movements by computer
matc hing should also be considered.

A major application of low light television and image intensification, passive night vision goggles (PNG) has been to
extend helicopter night capabilities. These goggles affect the requirements for cartographic support of these operations
(Hand100; Stich and h elm 7m0 ). As discussed earlier (Chapter lOb) maps have been developed for helicopter night
opera t ions but evaluations have so far produced mixed results, (Johnson~~~; W hitworth405 ; Barnard406 ). Again, there
is no inherent reason why acceptable cartography cannot be provided; the problem lies in the inadequate definition
of the cartographic requirement.

Advances in remote sensing with multi-band photography, infra-red and multi spectral sensing have led to the
extens ive use of false-colour techniques for imagery analysis (Holter 7’ I; Anson 712). Here , different colours are assigned
to various radiation levels to emphasise and enhance particular distributions and to facilitate the detection and recog-
nition of patterns and of correlations between ground phenomena. The resulting coloured imagery may be displayed
on hard-copy colour prints or colour film, or on colour CRTs. These are essentually flexible colour coded displays and
consideration should be given to the feasibility of studying the human factors optimisation of colour and developing
w here possible standardised colour coding practices, Studies of pattern discrimination in remote sensing imagery have
been reported comparing the relative effectiveness of semi-automatic analysis techniques and human interpretation
(Mower”3 ; Brooner”4 ; Neumann and Simonett ’13) but the independent variables in these studies have been the selection
of imagery channels or combinations of channels rather than their colour coding. In the absence of empirical research,
the colour coding practices in remote sensing imagery which will gradually evolve and become established in common
usage, may be non-opt imum in terms of human performance criteria, in the same way that elaborate , complex colour
codes have become accepted on geological maps , w ithout any evidence to support their selection or confirm their
efficacy.

I l~ ADVANCES IN DISPLAYS

Most contemporary aircraft rely on electro-mechanical instruments for presenting information to the pilot. Recent
developments in electronic displays have resulted in the increased use of flexible format cathode ray tubes for presenting
primary flight and navigation information in advanced cock pits, relegating most electro-mechanical flight instruments
to a secondary , stan d-by role. The major technological trends have been to reduce the size , weight, complex ity and costs
of e lectronic displays, and to increase their ruggedness, reliability, resolution and luminance range. New forms of solid
state , flexible format electronic displays have shown considerable potential for future applications , notab ly light emitting
diodes (LI-.Ds), plasma panels, liquid crystal displays (LCDs) and electroluminescent phosphor displays. Important
improvements in the utilisation of airborne CRT disp lays have also occurred , intended to save cockpit space , integrate
information and ease the operator ’s task. Head-up display (HUD) of primary flight information is a feature of many
recent coc kpits; helmet mounted display (HMD) of weapon aiming sights, primary flight information, and sensor imagery
w ill become nmmon in the near future ; electronic head down displays (HDDs), with flexible , multi-function, multi-
sensor capab ilities are now available offering an integrated , accessible format for digital aircraft systems management.
Future developments are mostly aimed at improved pilot utilisation and interpretation , such as stereo television , holo-
grap hic displays and colour imaging capability. Major trends in aircraft displays have been summarised by Hearne4m5
and Lovesey ”6 . Applications of individual developments are reported in AGARD Conference Proceedings CP-55
(A(;ARD” ). CP-96 AGARD 7i$ ), CP-l 67 (AGARD3’~) and CP-20 I (AGARD”9 ). A comprehensive study of the human
factors literature relating to electronic displays (Sempk’ et al.12° has been summarised by Burnette 72’ topics include
fliek~r, visua l acuity, display resolution, luminance , alphanumeric legibility, scale legibility, information coding, display
size and the effect of environment al variables on these factors .

Progressively rr ore automated methods of displaying cartographic information in cockpits have been introduced as
navigation systems have become capable of indicating the aircraft ’s present position on a moving map display (MMD),
driven from the navigation data source. Three basic types of MMDs can be distinguished:

( I) l)irect View Map Displays. These tak e the form of a strip map on motorised rollers with a cross-track cursor
indicating present position , or a fixed map with moving cross-wires showing the aircraft ’s location.

(2 )  Optically Projected Map Displays, A microfilm transparency of a hard-copy map is back-pro j ected onto a
screen. The airc raft ’s present position is indicated either by a moving symbol against a fixed map image , or
by a f ixed symbol against a moving image (Honick67 ’ 624 ) A ‘rototype laser-hologra m projection display
system is described by McGrath~ ° w hich dramatically increases map storage capacity.

(3) Electronic Map Displays . The information displayed is generated by electronic techniques (McGrath’60).
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Hybrid combinations of electronic and optically projected displays have also been developed in which the map information
is hack-projected onto the phosphor by rear-port projection or superimposed with the electronic display image by means
ofa  combined mirror and lens system . (Webb376 ; Braid~~~; Dure 377 ; Bass3” ; Suvada 378).

Examples of diffe rent types of MMDs are described by McGrath’60 ; the same discussion is reproduced as an Appendix
in Care l et al. ’96 toget her with survey data on the characteristics of 90 different map display systems. A number of papers
on mov ing map displays appear in the proceedings of two JANAIR Symposia (McGrath68 ’ 69 )~

The main advantages of moving map displays have been listed as follows (Taylor 338):

( I)  Workload. They reduce pre-flight planning time and provide an immediate continuous monitoring of the
aircraft ’s geographical position : hence , nav igation workload and head-down time in the cockpit are reduced
and t he pilot can devote more attention to control of the aircraft (Bond374 ; Roscoe ’66 ).

(2) C orrelation oJ Vaiigatio n Sisterns. Map displays provide a means of cross-checking the outputs of navigation
system s ( INS. doppler , radar , etc.) and v isual reference to the ground.

( 3)  Man-C omputer Linkage . Map displays are a convenient means of commu~icating with the on-board navigation
computer , checking its integrity, updating its accuracy and entering navigation problems.

(4) Map Storage. Map displays store and display large areas of mapping at a variety of scales. tip to 280 m2 of
mapping can be stored on some MMD filmstrips covering the entire operational range of the airc raft .

( 5 )  Vai ’igation Data Storage and Interpretation . A variety of navigation information can be stored and displayed
in addition to maps. e.g. trackmarker , steering information, digital read-outs of positions and speeds , and
distance , t ime and bearing from destination . By presenting this information superimposed on a map, the
integration , corre lation and interpretation of data are improved , and the probability of gross navigation errors
is reduced ( Lewis and Anderson300 ; Mc Kechnie 306 ).

(6) APmtuipa t ion A map display can improve the ability of the user to anticipate and recognise checkpoints seen
on the ground or on radar , and t hus provide a timely updating.

The following discussion of various map displays reflects the emphasis of the research effort devoted to them.

( I )  Direct View l)isplays
The pri;’cj pa l advantages of direct-view displays are that they can be used with standard paper charts and that they

can he readily ,nnotated with flight plan and tactical information. Being lightweight , portable and comparatively
inexpensive , they are part icularly suitable for civilian and commercial applications and for military transport , helicopter ,
and mantime reconnaissance operations. Their main disadvantages are that the niap storage capacity is limited, that
t he orientation of the chart is fixed, and that heading or steering information is difficult to display. The time required
to prepare a strip chart isa major limitation of roller map displays. More advanced displays have an automatic map
changing facility when the aircraft symbol reaches the edge of the strip, the symbol is repositioned and the next map
frame is automatically slewed into position.

(2) Projected Map Displays
Projected map displays (PMDs) are better suited to fast jet operations because the microfilm storage allows a large

area of mapping to be displayed consistent with requirements for operational range and tactical flexibility. Modern PMDs
have a fix ed aircra ft symbol which can be displayed in a centred or decentred position, with the map moving in either
a north-up or track-up mode (Taylor338 ). The track-u p mode with the aircraft symbol decentred to give maximum look-
ahead is the standard operational configurat ion.

The question of whether the map or the present position indicator should move has been a major design issue.
Image speeds of map displays do not significantly degrade visual acuity so a fixed display was not predicated (~ arel
et al.i% ). Empirical researc h indicated that the operator conceived of the earth as the fixed component against which
the aircraft symbol should move (Payne427 ; Roscoe’00). In practice, most opera t ional displays have a moving map formal
part ly because the “view-ahead ” distance needed to be maximised and held constant and partly because of the undesir-
ability of frequent , sudden changes in the map when the moving map symbol neared the edge of the display.

The inability to annotate the map image with route-plan and tactical information has been the major criticism of
PMDs. Methods of photographic annotation have been sought (e.g. Fromm and Gray 005 ) but none have been implemented
in practice. As a consequence, although PMDs show the pilot his present position and the bearing to his planned
destination, they do not indicate the aircraft ’s progress along the planned route in position and time. Annotated hand-
held maps base to be carried for this purpose and these tend to be the primary reference in flight; the map display is
consulted only to check the aircraft ’s position. This procedure seems to work , but the pilot must spend valuable time
marking-up maps prior to flight , and in flight one of his hands is occupied most of the time holding a map, with the
associated problems of stowage and illumination at night. However, the problem is not intractible. Displays are now
available that optically combine a CRT with the projected map image, permitting automatic superimposition on the map

_ _ _ _ __ _ _ _ __ _ _ _ _________  - -. -
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of CRT symbo lic inform ation, waypoints, tracks and tactical data. The Ferranti Combined Map and Electronic Display
or COMED (McKinlay 692 : Aspin 300 ) used with the Ferranti Autoplan and PODs system presents an elegant solution to
this problemn (McKinlay 689 ).

Minimising the cost , weight and size of PMDs is important in their design. Hand-held maps can be viewed head-up
or rest ing on the pilot ’s knee or knee-board , and they do not need a designated space for display in the cockpit. Some
small, direct-view roller map displays have been mounted on the coaming of aircraft instrument panels to minimise
head-in-cockpit time and facilitate ground referencing (Lewis and de Ia Riviere ’60 ) but , as discussed in Chapter 5a , ,nost
PMDS occupy a position low down in the centre of the instrument panel. Some have argued that it is psychologically
appropriate to position horizontal situation displays in a horizontal or near-horizontal orientation (Bond374 ): but any
rea l operational advantages of such an arrangement are likely to be outweighed by the disadvantage of having to makeL frequent , exten ded head and eye movements , particularly at low altitudes when even brief glances into the cockp it
can endanger flight safety. On the other hand, the comparatively large amount of cockpit space occupied by a PMD
(a 150mm diameter face is common) is difficult to justify b r a  single display function in positions higher up on the
instrument panel (Eddowes375). Again the solution to the problem probably lies in flexible, multi-function, combined
displays, such as the Ferranti Combined Radar and Projected Map Display (CRPMD) (Braid3” ) or all-electronic
displays in which a variety of information can be presented in an integrated format or on a time sharing basis , depending
on phase of flight. Head-up display of PMD images is possible in principle; this could be achieved with a reverse format

- 
- black-map but many conventional symbols would be too small to be resolved against the complex , dark background

afforded by the out-of-cockpit view. A helmet-mounted display has been proposed as a possible solution to the PNG
map legibility problem in which a static projected map image is injected into one of the PNG eye-pieces.

The provision of filmstrips for PMDS has required new photographic processes for continuous-flow copying,
rectification and printing (Honick’” ’ ili , 168, i46 ; Boot ’67 : Defoe ’69 ; Ferguson’70 ; Mueller 722 ; Steingard and Choha723 ).
High contrast , high resolution, stable, fading-resistant films were necessary to maintain contrasts during extended use,
and the material also needed to be sufficiently robust to withstand the unusual mechanical forces involved in moving
maps. Non-standard films have been necessary to meet these requirements and in some cases this has meant that
deficiencies in colour rendition have had to be accepted (Taylor31m ).

Many factors affect PMD legibility including aspects of the displays , the environment , and the original cartography.
Display factors determining the resolution, size and contrast of the image have been discussed by Taylor”2 and by
Card et al. ’00 who provide quantitative guidelines for the design of legible map displays. Briefly the resolution of the
final image is dependent on both the film and lens resolutions. It can be shown that simple forms of alphanumeric symbols
can be theoretically resolved by a system of 3-4 line pairs laid across the symbol, if it subtends more than 6-8 minutes of
arc. More line pairs are required for symbols in non-optimum fonts or with low contrasts. Most PMD resolutions fall
between 4 and 6 line pairs per mm.

Within the resolution limits of the microfilm and projection system , the map information actually resolved is deter-
mined by the degree to which the maps are photographically reduced onto microfilm, and optically magnified when
projected. Comparatively high linear reduction factors of about x IS are common because of the need to provide a large
area of map coverage. On projection, factors of optical magnification greater than microfilm reduction (i.e. over-
magnification) are used to compensate for the abnormally long viewing distances of panel-mounted displays (approx-
imately 760 mm) compared with hand-held charts (variable, up to 500 mm). Recent displays magnify the map image by
linear factors as large as x 1 .63 to achieve this effect. Over magnification has the disadvantage of reducing the “view-
ahead” : for light jet aircraft the minimum may be at least 20 nautical miles equivalent to 65 mm at 1:5 ,000.000 scale.
and 130 mm at 1:250 ,000.

High image contrasts are important for PMD legibility. Ambient cockpit illuminations of the order of 3.000 cd/m 2
and reflections off the display face tend to wash-out the map image unless high contrast films, bright light sources and
ant i-reflection screen coatings are used in the display. The Ferranti Harrier PMD uses a field lens optical system formi.;g
the primary map image within the display where it cannot be reached by extraneous light. Light can only enter t he
display through the exit pupil of the lens system , which is the pilot’s normal head position , (Briggs4’4 ). However , the
limit-’d viewing angle of the field lens system limits the pilot ’s head movement and indifferent optics easily result in
image field flatness problems and geometric distortion of the map image (Taylor 338 )

The unsuitability of conventional large scale topographiç~ maps for PMD applications has long been recognised
(Honick61; Briggs4t4 ). Reverse-format “Black-maps” were suggested by Roscoe ’66 as a means of preserving night
vision by restricting the light transmitted to information items only. In practice , t he effects on night vision are mininiised
by dimming the display, e ither electrically or by superimposed filters. Despite user criticisms of content and coding,
convent ional maps continue to be used in most operational PMDs : Card et al. ’96 recommend design guidelines for PMDs
on t he assumption that conventional cartography will continue to be used. Experiments have shown that special purpose
PMD maps with high contrasts exaggerate physical dimensions , w ith reduced content and clutter , and with colours chosen
that are optimum for the film and photographic process can produce significant improvements in map reading performance
(Taylor 100’”2’ 00’ ). ft is interesting to note in this context that a survey of users ofa variety of PMDs found that the only
PMD whose chart image was considered to he reasonably legible was the one PMD that used a specially designed map
(Card et al. ’00).
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(3) Combined Radar and Map Displays
The principle of a combined CR1 and projected map display was first described by Webb376 . Combined displays

are now available that are capable of radar-map matching such as the Ferranti Combined Radar and Projected Map Display
or CRPMD for Tornado (Braid3”) and the Ferranti COM El) which through its CRT is capable of generating electronic
symbology and both a raster and cursively written radar picture . Radar-map matching has particular advantages when
flying at night or in IMC when radar is often t he only reliable source of terrain information. Radar imagery from low
flying aircraft can be difficult to interpret , even under the most advantageous conditions. Superimposition with a map
of the same scale and area, moving in synchronisation with the radar imagery, increases radar interpretability, facilitates
the early recognition of features particularly when they occur in radar “shadows”, permits continuous monitoring of
the navigation sytem, and allows updating of errors in the navigation system by manual slewing of the map image to

I achieve synchronisation.

L Although the principle is attractive , certa in sources of difficulty can be foreseen:

( I) If the proportion of visible features common to both patterns becomes small in relation to the total information
content or visual content of the patterns, the matching errors made will increase, and with very small propor-
tions of material for matching, reliable performance may become unattainable.

(2) If the features for matching do not take similar visual forms on both sets of material to be matched by super-
imposition, a common visual pattern may no longer be recognised as such, and therefore become useless as a
matching aid.

(3) If the material within one or both of the patterns for matching is visually similar or uniform, then this will
limit the extent to which it can be structured visually and hence perceived as a pattern at all, thus limiting
matching.

(4) If on one pattern, individual features are coded in a visual form which does not resemble the corresponding
appearance of the same features on the other pattern, this may prevent or curtail matching, and, at the very
least , will ma ke it a slower process, reliant on memory, since such coding does not naturally form part of the
immediately structured pattern or gestalt of the material, and the matc hing has to depend on processes of
induction and deduction instead of on the quicker processes of perceptual structuring.

( 5)  If the most prominent visual features in one pattern have no corresponding features or no features of equivalent
prominence in the other patterns, this will limit the efficacy of matching, increase the time needed for succss-
ful matching, and promote certain characteristic matching errors.

(6) If the visual balance of the material, w hich is a main influence on the patterns perceived, is different in the
materials to be matched , this will reduce the apparent similarity of the patterns being matched , to the exte nt
that with gross differences in visual balance , the patterns may ultimately become unrecognisable as equivalent.

(7) When pattern s are superimposed, and are not of identical visual texture , it is necessary to ensure that infor-
mat ion on one cannot wholly obscure in formation on the other, since for matching purposes both patterns
must remain substantially visible.

Diamantides6
~ exp lored means of cross correlation between a radar display and a reference map so that it would be

possible to determine unambiguously both the magnitude and direction of positional offsets , and hence to correct mis-
matc hes. He suggested a form of analogue to digital conversion for continuous tone pictures, which would permit
quantitative descriptions and facilitate matching (Diamantides 675). Although his interest was primarily speculative and
theore tica l, he did include a simulated demonstration of the principle. A parallel process is the systematic study of radar
information to determine what kinds of discrimination can reliably be made with it. The study of Marain and Simonett 7

~provides an example of this kind of work , showing that certain broad types of vegetation may be discriminated on radar,
with the aid of suitable collateral material. Emery 3

~ concluded from his studies of helicopter flights that although arm
experienced radar observer could glean considerable information from radar imagery, the fact that the same radar return
could represent a variety of features placed limitations on the interpretations he could make.

Braid3” described the processes for using a radar map-matching display. He emphasised that the purpose of the map
was to enab le a particular radar return to be positively identified by positioning an electronic marker over it and then
expanding the picture to permit greater precision of marking and hence updating the navigation information. The claimed
benefits of this marking method were:

( I) The positive identification of radar features.
(2) The elimination of gross navigation errors .
(3) The saving of cockpit viewing space by superimposition.
(4) The negligible increase in weight, cost , complexity and operational procedures.
(5) The reduction of crew workload.

lie emphasised that the radar-map matching system did not require greater accuracy than the radar or map alone, but did
permit the correlation of true position with position calculated by the aircraft ’s navigation system, and the correction of
any discrepancies. The two navigation aids which made radar-map matching practical were inertial navigation and
projected moving map displays. Braid concluded by emphasising that the aid did not improve the quality of the radar
picture and was not intended to do so, but it did lead to a marked improvement in the interpretation of the radar display
by the aircrew.

________ - -~
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One of the basic desi gmi problems with combined displays such as CRPMDs and COMbO is to achieve a combined
mimiage mu which the radar returns or symbo logy are si.ifficiently bright to be seen against the map image. Field Iens/
trans fer I~ns opt ical systems go some way towards achieving this by making the combined image independent of ambient
brightness . Asp mn~~

6 points out that the brightness of the 3 inch diameter CRT in COMED is 2 x brighter than a full
• site 6 inch tube with equivalent drive power. Another possible solution is to reverse the format of the niap so that the

bac kground is predominantly dark with the the information items overprinted in light colours. A variety of reverse
format “black-maps ” have been produced and evaluated in a CRPMD simulator at the Royal Aircraft Establishment ,
Farnhorough. Ad hoc assessments have shown that although black maps optimise the brightness contrasts of overlaid
radar , t hey are at a serious disadvantage compared with conventional formats with regard to relief information. In
mountainous regions, re lief feature s provide the only useable radar return s, such as reflections from steep slopes and
ridges. Hill shading is the best method for showing relief slopes, but it is incompatible with a black-background map
(Taylor 338 ).

• The maps available for radar niap matching were not designed for that purpose, and tended to be deficient in
contrast and overdetailed in content. The Joint Operations Graphic was so unsuitable for this purpose that radar map-
matc hing would be “virtually valueless if the JOG(Air) edition remained the only topographical mapping material
available ” (Barratt,  Doidge and HonickMS ). These authors conceded that appropriate mapping would have to be achieved
speedily with minimum cartographic effort and cost , and that redrawing was therefore impractical. This left selective
omission of printing plates and changes in the colour rendition of individual plates as the only practical means of altering
the appearance of the JOG map to make it more suitable for radar map matching. Colour changes were introduced for
hypsometric tints , town fill , major roads, sea , major airfields and power transmission lines. Strong hill shadow was
introduced. Numerous categories were omitted: text , minor roads, woods on high ground, grid information, most
boundaries, ra ilway stations, isolated buildings, minor rivers , minor airfields, and several features, particularly those of
vert ical significance such as windmills and churches. The results were a spectacular improvement , demonstrating
conc lusively that a map suitable for radar map matching could be derived from the JOG series without redrawing. The
hill shadow combined with a series of warm brown hypsometric tints seemed particularly successful. While this assessment
was subjective and was not intended to establish a principle, it gave sufficient encouragement to suggest that further work
to approach an optimum map specification, derived for the JOG and intended for radar map matching, might well be
productive, entailing as it does relatively little cartographic effort.

(4) Electronic Map Displays
Electronic map displays in which the cartographic information is generated by electronic techniques have only

become feasible as a result of the comparatively recent introduction of large capacity digital computers in aircraft
(McGrath’60 ). Electronic displays of cartographic information have been available in ground environments for some
time, such as for interactive editing of digital cartographic data bases. All-electronic systems should be more accurate
and reliable than optical/mechanical systems because they have no moving parts and rely only on digital signals. Also.
they should be more flexible than optical/mechanical PMDs since the display content , sca le and format can be altered
by software changes instantly available at the press of a button. Costs and the computer capacity required to drive
them are the major limitations; problems of brightness, contrast , flicker ard resolution can all be overcome with
ex isting techniques.

According to McGrath ’6° several calligraphic CRT systems have been developed (e.g. the Electronic Astro Chart
System P/N 142000 ) but none are in service. None has a colour capability, which must be a considerable disadvantage ‘

compared with PMDs, and none of them are capable of presenting extensive cartographic detail. A colour TV map
display system could be achieved by recording the map information on a colour video magnetic tape for airborne
display or by a vidicon camera remotely scanning a map filmstrip.

Hitchcock527 reports research on the legibility of type on a colour and black and white TV map display system
using videotape map storage. Black-and-white display tended to give superior performance in low contrast areas of
the map; lettering tended to blend into the background in mountainous terrain where hill shading was used to indicate
relief. He concluded that characters for videotaped maps should be large enough to subtend at least seven raster lines.
McGrath69 has also discussed cartographic factors in ti d esign of a colour TV map-display system. He recommended
that the display should provide the finest colour discrimination among the browns and greens, that colour discrimination
among reds will be least important , and that an attempt should be made to enhance the presentation of biues. Experi-
mental data on the relative legibility of symbols on existing charts viewed on a TV monitor are reported by Wong and
Yacoumelos528 .

McGrath’6° also reported feasibility studies on map displays using transparent electroluminescent panels and trans-
parent plasma panels with light emitting diodes. Colour imaging will not be nossible but the main advantage would be
that the display need only be a thin board suitable for use in light aircraft.

I Id THE ROLE OF COMPUTERS IN CARTOGRAPHY

Computers influence aviation cartography in ~wo dLstinct ways. Firstly, computers are revolutionising map
production technology; in this role, computers have the same effects on aviation maps as on other kinds of m ap. Secondly.
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ground-based and airborne computers have increased the automation of navigation and altered the methods of map display
and map usage in the cockpit; in this role the effects of computers are specific to aviation maps and their conditions of use.

Automated Cartography

Automated cartography has advantages over conventional production methods in terms of man power requirements,
costs , speed and accuracy. The flexibility of the digitised data bank is a fundamental technological advance (Rhind
et al.51o). Engraving time can almost be eliminated with a suitable computer and graphic output device (Thompson and
Min~~

5 ). Kay~~
6 , in proposing a method for transmitting aeronautical charts electronically, ant icipated some of the major

potent ial advantages of computer-based cartography: fast and frequent modification of data, and quick production of
amended products. The willingness of cartographers to accept and use drastic technical innovations such as those based
on computers was identified by Heath’47 as a main determinant of progress in cartographic display quality and data
accuracy. In general, ca rtographers have often shown themselves to be receptive to computer innovations, particularly

• since automation may permit increased cartographic productive capacity without a corresponding increase in man-power
(Harris727 ). Misulia 3

~ recalled that digitised maps were initially used for weapon and radar deployment , for line of sight
calculat ion, for mathematical modelling, and for producing three dimensional terrain models. The next stage was to
produce terrain elevation data from aerial photography. Goals at that time were the derivation of terrain models directly
from computer tapes, and the transformation of photographs dirçctly into computer language. He envisaged very rapid
major extens ions of computer-based technology for the provision of mapping for specific military uses, so that the
cartographer of the near future would be able to meet military requirements on time with a high quality, operationally
efficient product. At present the major non-cartographic military applications of digitised topographic information are
for producing radar predictions for simulation, and in flight training, for briefings on operational sorties, and for terrain
contour matching matrices (Steakley 373 ).

The impact of computers on map production has been described by Keates ’2° who devoted separate chapters to
image formation and to map compilation. The theoretical basis of computer cartography is reported by Peucker ’60.
Keates ’2° noted that in automated cartography the data must be digital.

Automatic image formation entailed the provision of suitable information for the comj uter , automated positioning
of the image-producing device , and an automated means of forming the image, whether by drawing, by scribing and
cutting, or by transformation by means of an appropriate sensitised material. Every digitised item must be specified in
terms of what it is (phenomenon), and where it is (location). Alternatively, an automated optical scanning process may
be employed, although this is potentially more suitable for material in picture form with continuous tone backgrounds,
such as orthophotomaps, than for conventional maps where, even in high density regions, much of the scan covers
featureless background and is assigned zero values. Automated processes have been extensively developed for continuous
line plotting, but can be extended to point symbols, either by treating point symbols as a variant of lines or by optical
exposure using templates.

In considering automated map compilation, Keates ’2° distinguished between automated acquisition and digitising
of data , and automated processing of data according to a particalar map specification. Intermediate between these two
aspects of automation in map compilation is the data bank, the product of the first aspect and the basis of the second.
World-wide maps are derived from heterogeneous cartographic sources, varying in reliability, quality, detail, consistency
and projection, and to assemble all the data into a uniform digitised format in order to form a data bank is a vast under-
taking. Once achieved, however , the benefits are commensurate. Supplementary compbterised facilities may be needed
to compile maps from the data bank, including indexes to source materials, to regions, to specified cartographic informa-
tion categories, or to projection systems. Various methods for digitising cartographic data may be adopted, and these
are outlined by Keates ’20 . Compilation may be semi-automated , in which computer assistance is provided for various
man ual functions, or fully automated , w here the map product is derived automatically, directly from the data base.
The data may be addressed and selectively modified by interactive control, through a CRT visual display unit which
presents the cartographic data to be addressed and is linked to e selective control facility to make additions, deletions
and emendations.

The feasibility of automating so many aspects of map production demands decisions on how automation can be
applied most efficiently to maps. One approach to computerised mapping is to attempt to identify which human
functions in using cartographic information could be fulfilled adequately by a computer (Aumen~~’). This presumes
that cartographic information exists in the form of a digitised data base , and that the cartographer is able to employ
a thorough understanding of how his products are used in deciding what functions required digitised mapping
(Gilbert 7

~~).

One problem in the automation of map compilation is the efficient and unambiguous classification of the features
which constitute cartographic categories, in terms which can be digitised and selectively specified. The implications for
the visual appearance of the final computer-generated map product of selecting digitised information categories also
have to be deduced. The principles for the specification and quantisation of visual patterns, symbols and forms for
computer storage have been discussed extensively (Lipkin and Rosenfeld”0 ), and some have tended to persist although
subsequent developments may have produced superior techniques. Methods of line storage include the x ,y co-ordinate
method, incremental coding, chain encoding whereby a line is represented by a series of short quantised line segments
(Freeman6m ), and skeleton coding whereby any area is defined by a set of rhombi (Pfaltz and Rosenfeld731). An

2.
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alternative approach. comis idered to be applicable to maps , was to treat the pattern as a whole, subject it to a series of
trans formations, calculate the invariants , and introduce a variety of miornialisation transformations to render the resulting
signal independent of various factors in turn (Guiliano et al.”2 ). The relative merits of different methods of line storage
are discussed by Peucker ’40 .

A vanety of graphic output devices can he used to display cartographic data stored in a digital form. Line printers
are the most readily available devices. A l ine printer can print very fast up to 2,000 lines per minute - but i ts draw-
backs are its low resolution and relatively quick lading of the carbon ribbon . Electrostatic line plotters have eliminated
these disadvantages , but t he paper it vastl y more expens ive than printer paper. Drum plotters and flatbed plotters which
draw lines defined by a sequence of co-ordinate pairs , are preferred by most computer centres because of their greater
versat ility in tenns of resolution , speed, and multiple-pen heads. Cursively written (‘RTs are used as an intermediate
display for interactive editing in some systems. They are very fast in response , and can be used for dynam ic presentations
(Moellering733 ), but unlike raster written CRTs. t hey do not display grey-tones. Hachuring is almost impossible and the

— line-work is generally too coarse and complex for the production of most final maps (Peucker ’40 ).

Until recently, the graphic quality (generalisation. simplification, resolution, tonal quality. etc .)o f most computer
drawn maps has been relatively poor compare d with most manually drawn products. Examples of the most widely used
system, SYMAP, developed by the Laboratory for Computer Graphics and Spatial Analysis, Harvard, are given in
Peucker ’40 . Improvements in output devices and software are likely to increase their market potential but at present
the main use is in the are a of thematic mapping for the analysis of statistical surfaces census data, spat ial trend analysis
etc. Here, speed of production and flexibility of the format of the display from a given data base are a major advantage
over hand-drawn techniques. Computer-drawn stereoscopic presentations (Adams ’63) and three dimensional representa-
tions of statistical and topographical surfaces with rotation of perspective , such as SYMAP/SYMVU programs (WorthlM),
provide an attractive alternative to conventional planimetric two-dimensional views (Breme626 ; Jenks and Steinke ’35 )
but it has yet to be demonstrated whether they offer any real advantage in terms of improved map reading performance
(Worth and Board736 ).

Computers for Aircraft Guidance and Control

Computers have an important role to play in future command and control systems for airspace management.
General problems of command and control computer systems in aviation are discussed by Oliver”7’ 738 . Recent develop-
ments in lightweight , airborne digital computers with mass-storage , high-speed, high accuracy computational processing
capabilities have revolutionised many aspects of aircraft guidance and control. It has been suggested that maps may also
be generated by computer for use in air defence , air traffic control or guided weapons systems, where maps, particularly
of coastlines and air information, are used as reference and back-ground material (Webber and Hopkin739). Computer-
generated map data may also be combined with other sources of information, such as rear port displays (Robertson and
Savill760 ).

In airborne systems the computer is responsible for processing sensor inputs, and by predetermined guidance and
control laws, it is able to solve navigation problems , provide guidance cues for the pilot or automatically fly the aircraft
to predetermined destinations. The accuracy of computation is limited only by the accuracy of the input data: systems
with multiple high-resolution sensors and store d digital terrain information are now available that can provide data with
sufficient accuracy for fully automated navigation and weapon delivery. Martin14’ lists the following advantages of
digital mechanisation of flight control electronics, most of which are applicable to navigation and guidance :

(1) Digital signal transmission and multiplexing and the ability of the computer to time share hardware elements
reduce the quantity of hardware required for management of fault tolerant systems.

(2) The precision of digital processing, combined with the ability to employ signal selection on all input sensors,
allows tracking of multiple channels. Large tolerance buildups which complicate the control and monitoring
of redundant servos are avoided.

(3) With the digital computers’ superior capability to execute logic functions, more complete and less costly
system test is possible. In flight, the built-in test and monitoring functions permit easier detection of failures
so that they can be isolated and identified for post flight maintenance.

(4) Flying qualities can be improved by using control laws not feasible with analogue systems because of processing
and accuracy requirements.

(5) There is improved flexibility to make changes during both the development and service life of the system.

An analogue aircraft navigation system and map display is described by Briggs4m4 . The main advantages of digital
systems compared with analogue systems can be attributed to the increased computational speed and accuracy of the stored
programs and tIme improved software flexibility. With digital navigation systems such as COMED (Aspinaas : McKinIay 6

~ )
a flight profile can be entere d manually or automatically and then flown automatically with digitally stored route plan
and tactical information displayed and superimposed on the map image. Large numbers (up to 100) of waypoints,
identification points and targets can be stored and called up for display with computed steering information from the
aircraft ’s present position. At present the main problem seems to be in ensuring that the man-computer interface is
designed to facilitate data entry and accession in ways that permit simple and safe operation in flight with minimum
head-in-cockpit time. Many contemporary map displays, for instance , have numerous complex operating modes , but
there is no immediate indication on the display of the mode currently in use (McGrath’60). The acceptability of future
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all-electronic systems using a digital cartographic data base will depend a great deal on interface considerations , such as
data entry and colour capability, and on the extent to which the flexibility in content cot ’ mg and emphasis is utilised by
software developments.

Automatic terrain contour matching by airborne digital navigation computers has been described by Steakley 373 .
The combination of doppler radar and radio altimetry makes it possible to measure aircraft altitudes with exact spacings
for the accumulation of topographic profile recordings. Such profiles are sufficiently unique to be correlated with the
same profile stored mn the aircraft ’s computer to give accurate line-of-position fixes for updating inertial navigation system
accuracy. The stored data could take the form of a terrain elevation matrix of data points at close intervals , say 1 .000
feet. For a given terrain model, the size of the data base will depend on the computer storage capacity. Until recently,
storage limitations and data access tinmes have severely restricted the feasibility of terrain contour matching to relatively
small corridor of terrain, e.g. t he cruise missile concept. A technique has now been developed, known as a polynomial
terrain model, for compact digital storage of elevation data which also decreases the data access time significantly
(Jancait is742). Also the computer industry has been experiencing dramatic increases in processing speeds and digital
storage capab ilities along with steadily declining costs. Some of the potential applications of near and real time digital
terrain data for simulation training and in flight display are illustrated by Jancaitis and Moore743 .

The enhanced production capacity and increased speed and flexibility in meeting users’ cartographic requirements ,
toge ther with the great variety of cartographic products which can in principle be derived from a data bank , pose
quest ions on how advanced computer technology should be harnessed and how it may be employed to ensure high
quality in cartography. Keates4M pointed out that the ability to handle more information does not necessarily imply
that the user is better informed, merely that he is more informed. The map needs selection from the data bank , but the
quality of the product as far as the user is concerned depends a great deal on how carefully the cartographer has examined
the topography, decided what is needed on the map, and portrayed it. He cautioned that “the present passion for
conve rting map information into digital form, often at great expense , onI~’ makes sense if we are quite sure that this
information is really what it may appear to be, and there is some concept of its operational value”. There does seem to
be a tendency to digitise information because it exists , rather than because it is needed . Such digitising also raises the
questions of what a map is and what it is for, and reveals the paucity of accepted cartographic theories (Molineaux 471).
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CHAPTER 12

SOURCES OF DIFFERENCES BETWEEN AVIATION MAPS

Numerous definable influences lead to differences between aviation maps. The content and appearance of any
given aviation map are primarily determined by these influences collectively.

A classification of the sources of differences between maps may serve several purposes. It can indicate what kinds
of differences can be expected between aviation maps, how large the range of differences may be, and what factors have
affected the differences which occur. By gathering together the main causes cf differences between maps it becomes
possible to assess their relative importance. The extent to which aviation maps collectively fulfil all their objectives can
be appraised. The nature, magnitude and range of differences between existing maps can be examined . The interactions
between human factors requirements and the possible ways in which maps can differ may be studied. The residual
characteristics common to all aviation maps may be clarified.

The number of sections within this chapter indicates that many influences on maps can be traced, and that many
disparate factors exert some influence. The interactions between these factors are intricate. In theory it is essential to
define the map functions first and then to deduce what form the map must take, bearing in mind cartographic methods
and conventions. This is in principle quite straightforward, since the stated functions imply what information must be
shown, with what relative prominence , in what detail , and with what accuracy. This in turn suggests the appropriate
scale and level of generalisation. Functions are influenced by stated preferences of users, in so far as these are not incom-
patible with efficiency, and both display technology and collateral material influence the functions which can be fulfilled.

l2a INTENDED FUNCTIONS

In theory, the functions are the main influence on map design; in practice, the map design substantial l y affects its
functions. Rather than successfully fulfil predesignated functions, the map may be used to serve those for which it proves
adequate, while others go unfulfilled. This often occurs when there is insufficient evidence available at the time of map
production on how the map will be used. Although it has long been acknowledged that a number or “family” of aviation
maps should be designed collectively on logical principles, so that together they fulfil all envisaged requirements and each
is optimised for a group of uses (Dorny et al.2’), in practice this intention is seldom realised. Each map tends to be
designed piecemeal without close scrutiny of whether its functions overlap with others’ or whether ce rtain functions
remain unsatisfied because no map can fulfIl them. Operational requirements for maps are constantly changing. The
processes of designing and producing maps and revising specifications take so long that the adequacy of maps in fulfilling
existing functions will depend on the extent to which the functions are stable or the changes were anticipated . In
practice , revisions, redesigns and new series are initiated when existing maps prove inadequate in operational service.
There are no good reasons for assuming that this must continue to be the case , given a better understanding of how maps
are produced and used.

If the intended functions of aviation maps were the dominant influence on their design, the number of different
aviation ,naps would be far larger than it is. The specific requirements of each type of mission , each task , each aircraft
type, each display innovation and each kind of map user could in principle be met by a different optimised map
specification for each subset of conditions. The resultant number of map series would grossly exceed production
capacity. Considerations of expediency, practicality, effort and cost preclude the production of the ideal map for each
occasion. The concept of a dual purpose compromise design for projected and direct viewing has been discussed only
recently in relation to the UK proposals to revise the TPC, which are based in part on recent research at the Royal Air
Force Institute of Aviation Medicine, Farnborough. Some attempts to meet novel operational requirements may seek
to use existing map series rather than evolve new specifications, but often requirements for maps for specialised purposes,
such as radar map matching, attract proposals which are novel because they come from non-cartographic agencies.
Prevailing proclivities are to have far fewer maps than functions, and to fulfil each new requirement with an existing
product w henever possible.

Although it can he contended that , as a consequence, no map will ever be ideal for any single purpose, it does not
follow that the whole approach is wrong. Aviation maps are not intended to be ideal, but to meet requirements
adequately. Excessive proliferation of maps would lead to several predictable and unacceptable operational consequences:
more maps would be needed for pre-flight planning and more would have to be carried in the cockpit; there would be
greater confusion between different map series; it would be easier to choose the wrong map for any given purpose :
locating the desired map among others would become more difficult; it would be necessary to learn more detail about 

~~~~ - — ~~~~ — .,.
~ —-—- - 

~~~~~~~
- .



15 1

the content and method of portrayal of each map series; confusions could arise between users of different maps; users
would be less likely to become fully familiar with any one series; etc.

Special-purpose maps cannot be precluded but since most maps must meet several needs, aviation maps as a whole
can be judged by ti me success w ith which all needs are catered for by maps in regular use. Each map must fulfil a clearly
defined group of functions. There should be no required function for which there is no suitable map; nor should there
he any function for which more than one map would be equally appropriate. Relationships between functions have to
inc lude not only the needs of each user for his primary tasks , but also the need, in tasks such as liaison and tactical
support , to convey t he information on one map to others who may not possess the same map.

No two map senes should he very similar. The magnitudes of the differences between map series should not be
random, hut be about equal and he logical. When new maps are proposed, it is essential to define their objectives clearly
and to state where they are intended to supercede existing maps. It is not advisable to meet a new cartographic require-
nient in isolation, w ithout discovering if further functions could also be fulfilled by minor revisions to its specification.
If for one function it proves necessary to depict power transmission lines for example , it is sensible to consider which
further functions might benefit if power lines were shown.

Despite the difficulty of providing adequate cartographic support for all aviation tasks, there appears to be
considerable duplication of cartographic effort. Some justifiable duplication takes the form of experimental sheets
to illustrate the effects of proposed changes in port rayal. Nevertheless it is disconcerting when a far from exhaustive
search finds eighteen different maps of the same region at the same scale with substantially the same information on
t hem (Taylor222 ).

Classifications of the functions of maps must take cognisance of their role in relation to other navigation documents
(Ryder381 ), of the expressed wishes of users about the information they need (Murrell’31) and of the characteristics
of maps as information displays (Dornbach’27). Joint military and civil teams may be advantageous in defining require-
ments and deciding how they should be satisfied (Sorrentino7

~ ). One method for defining detailed map functions is
that adopted by Wright and Pauley MS: they considered the limiting factors in a particular mission, how maps could
mitigate them, and how the best use could be made of the limited data available. Heath14’ emphasised the role of the
visual characteristics of the map in determining its effectiveness for its intended functions. In aviation maps, the functions
may need to be fulfilled under disadvantageous conditions, so that it becomes necessary to define how far problems
posed by such factors as cockpit lighting can be overcome (Taylor6”). Some of these points were discussed by Hopkin’°who was primarily concerned with the application of human factors display principles to map design. He suggested that
the multiplicity of functions which each map was intended to fulfil might be incompatible with a single optimum display
design.

At the present time , much detailed work on how maps are actually used in the cockpit remains to be done. Many
of the relevant studies have been analytical rather than practical, deducing how maps could be used rather than recording
and describing what pilots actually do. While deductive methods can be valuable, they need to be supported by empirical
evidence, to verify that what my thought to be possible is actually being done. For many functions, the practical evidence
of map usage is insufficient to provide the cartographer with an operationally satisfactory map specification. To achieve
this requires a great deal of systematic high quality routine work , including task analyses derived from factual evidence.
Given this basis, the most successful methods for portraying essential information on the map can be examined in relation
to their functions. It is not sufficient merely to provide the information which is essential according to deductive
methods. The information must be in a form which the man can use in the time available, which is compatible with
such known limitations as visual searching, memory , and information processing, and which does not go beyond the skills
and knowledge of map reading which he has been trained to possess.

I 2b THE RELATIVE IMPORTANCE OF DIFFERENT CATEGORIES OF CARTOGRAPHIC INFORMATION

For any des:gnated use, the information categories on aviation maps should be portrayed in ways which reflect their
relative importance. When a map has many uses, a compromise has to be struck among conflicting claims to relative
importance. The visual prominence of each information category does not depend solely on envisaged usage and
operational importance, because there are other factors to consider. Visual balance should be preserved: the map can
have a dull and excessively uniform appearance (Lakin~ °) if, to sat isfy its numerous functions, the prominent portrayal
of any cartographic categories has been discouraged. The further constraints of dim or red cockpit lighting, a vibrating
environment , or short viewing times also narrow the range of visual prominence which can be employed in the portrayal
of information on the map. Information which does not stand out, because of small size, low contrast , insufficient
weight, etc., or because it is too similar to other information, may not be seen under adverse operational conditions,
or may be mistaken for -something else. The need to photograph a map also restricts the range of visual prominence of
the information on it. The relatively uniform visual emphasis within the symbology of a paper map intended to be
suitable also for projected map displays, is almost bound to impair visual balance, and to give an impression of visual
competitiveness among different cartographic categories (TaylorM2).

• Aviation maps follow cartographic practice in treating relief and natural features as background and man-made
features and air information as foreground, contrasting with the background by being visually more prominent. This  
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cartographic convention may clash with operational needs , as in low altitude, high speed flight when the terrain can be
the most important information on the map and adequate portray al of its shapes and gradients is essential. This problem
of assigning greater visual prominence to terrain shape, and less to point or linear features , has not been satisfactorily
solved on existing m a p  series for low altitude, high speed flight. Perhaps no solution is possible without granting a degree
of artistic licence which would be incompatible with the requirements of a world-wide series and would sacrifice too
much discrete information in order to portray continuous relative changes effectively.

It is vital to ponder carefully the relative importance and relative visual prominence of cartographic information
categories, simply because this is the factor which is most readily controlled and manipulated to achieve an operationally
acceptable map. Taylor659 demonstrated that substantial improvements in aviation maps can accrue from changing visual
prominence, and that these can be achieved without major re-drawing and without high costs, provided that the aims are
clear, and the correct principles for realising them have been followed. Manipulation of the relative visual prominence
of categories of map information can greatly improve both the utility and the attractiveness of the map. Not only does
its operational worth depend on how well this has been done, but so does its acceptability.

Because of the variety of visual coding conventions which can be employed to manipulate visual emphasis, there are
in principle severa l methods for giving a designated cartographic category the desired visual prominence. For example,
if the category is portrayed by a symbol, its size, shape, contrast , weight, density, line thickness, hue, saturation, bright-
ness, or design may be altered , or a different symbol substituted. A corollary of this inherent flexibility in the means to
achieve a desired visual effect is that an effect should never be sought in isolation, but always related to others, since the
visual prominence of cartographic information categories is primarily a relative rather than an absolute matter. A further
corollary is that there should be some prospect of achieving a desired visual prominence by methods which maintain
visual balance, eschew solutions near the visual threshold, and foster a pleasing appearance of the map as a whole.

This would be a highly practical way to improve map design, and to ensure that the map is fit for its purpose. It
demands a sound knowledge of the purposes of the map, and of the effects on visual prominence of designated changes
in the main psychophysical variables, singly or in combination. The requisite knowledge to ensure that the intended
effects of manipulating visual emphasis are actually achieved is far from complete. There is some tendency to assume
that the relative visual prominence of an information category on the map should be equated with its relative operational
importance. Sometimes this may hold true, but the visibility of ground features from the air may be of overriding
significance.

Changes in relative visual prominence have often been proposed as practical ways to improve map design. In an
early paper on approach and landing charts, Freer63 claimed that existing methods for depicting hills gave them insufficient
prominence on the chart in relation to their operational significance, and he advocated the use of layer tints. Waters and
Orlansky24 pursued the notion that visual prominence on the map should be related to probability of seeing the feature
visually from the air, as determined by its angular subtense when viewed from the air. Waters332 derived theoretical nomo-
graphs of the predicted visibility of objects, and proposed a method for verifying them. Howey3

~ and Saunders621 ’622

also dealt with visual emphasis in choosing appropriate map symbology.

Direct transformation, from visual angle or conspicuity to significance or visual prominence may not be justified
because what is most visible may not be most important because of lack of uniqueness, transience, survey difficulties, etc.
The usefulness of depicting features on the map which are known to be too small to be seen from typical operational
heights must be limited to missions where such features may be targets, since they are valueless for navigation. Even if
a direct relationship between emphasis and importance is agreed to be desirable, there may be difficulties in portraying
it to give the intended visual effects. Tests of the effectiveness of symbols in isolation may not yield findings which hold
true for the symbols in a map context (Heathtm47 ). Quantitative psychophysical differences intended to convey to the
map user the magnitude of changes on a dimension may be misinterpreted because of systematic over- or under-estimation,
for example of apparent size (Flanner~ 

182 ) Symbols, easy to read on a conventional map, may lack visual prominence on
an orthophotomap (Smith’65). Attempts at three dimensional mapping must deliberately introduce substantial exagge ra-
tion of the vertical dimension, by an amount dependent on contour interval, to enable map users to evaluate such maps
correctly (Jenks and Caspall225).

Maps designed to portray the relative importance of categories of map information may fail to do so if one of the
coding dimensions is no longer available . This problem occurs most commonly when colour coding cannot be used. Some
categones may lose so much prominence that they can scarcely be discriminated on an achromatic map (Osterhoff
et al.320 ). A further problem was identified by Osterhoffet al.’” in a separate report : because the portrayal of relative
prominence is influenced by the incidence of features to be depicted , and because this varies with geographical region,
the effectiveness of the map may be terrain dependent. Furthermore, the assignment of visual prominence may itself
have to be relative , since a feature of little operational significance in a region where more important features abound
may come to have much greater significance when it occurs in another region devoid of more important features. Visual
prominence also depends on the density of mapped features (Hopkin70).

l2c CARTOGRAPHIC CONVENTIONS AND STANDARDS

Cartographic conventions and standards, being on the whole rigid, are generally a source of similarities among aviation
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maps rat her than differences between them. Internationally agreed standard s (Anon664 ), the users’ familiarity with
esta blished cartographic conventions, encourage the retention of existing practices even when they are scarcely adequate
for new needs. Those changes which are made tend to adapt proved techniques rather than introduce innovative
symbology. The main sources of differences between aviation maps which can be attributed to cartographic conventions
and standards therefore occur in circumstances where certain specialised maps have had to abandon these conventions
w hile other conventional maps retain them in an unadaptive form.

Differences between maps also arise where a feature can be depicted according to more than one cartographic
convention. These alternative depictions need not be visually similar. On some maps , various categories may be depicted
by pictorial symbols - crossed pickaxes for mines, outline drawings of large buildings for factories, etc. • w hereas on
other maps, and even on the same map, the same information is coded by lettering alone, e.g. the words “Large Building”.
On a given sheet the absence of a specific pictorial symbol may therefore be because no such feature is present on the
ground or because the feature is not differentiated in pictorial or symbolic form.

It is possible to treat cartographic symbology as one among many means of representing terrain, and to compare it
w ith graphic and non-graphic alternatives (lmhof~~ ). Dornbach ’27 , considering maps as displays, concluded that the
cartographer is most responsible for perpetuating standards and conventions which ensure that the only users who find
the map effective as a medium for transmitting information are those who have learned and understood cartographic
language. Some differences between maps arise because they vary in the meaningfulness of their languagc . Berry and
Horowitz°5 believed that topographic displays would be more easy to interpret and use if they relied on symbols with
a closer pictorial resemblance to the features they represent. Adams49° traced some of the differences between maps
to the use of a variety of conventions , some of which met human factors display requirements better than others.
Differences between maps would be reduced if all symbols conformed with minimum psychophysical principles for
discrimination. However, the interacting effects of such psychophysical parameters are sufficient to suggest that
recommendations should not be based on deductions which do not take the interactions into account.

A theoretical framework to specify the syntax for the language of cartographic symbology was proposed by
Morrison473 who contended that such a framework was essential in developing standardised map symbols. A comparable
framework is desirable in using colour coding on maps, and Robinson98 advocated caution in introducing any new colour
coding conventions. A promising approach is to select sets of colours which are maximally discriminable, as established
by empirical testing using colours within the compass of cartographic printing technology (Taylor641 ). As cartographic
standards and conventions must evolve to match new display technologies and advances in navigation, it is important
that symbology does not proliferate , forcing the user to learn more complex and less self-evident meanings assigned to
symbols. Further evidence is needed on what is perceptually and meaningfully equivalent for the user. W ith different
contrasts , sizes and colours enforced by the requirements of new developments such as radar map matching and
orthophotomaps, the extent to which individual symbols could be retained in their essentials but modified to maintain
discrimmnability under various viewing conditions merits serious attention.

The notion that different cartographic conventions should be employed deliberately for different map series to
~lassify them and aid their recognition has been mooted from time to time. Different colours could be used for town
fill on maps of different scale , for example. This notion has not been the subject of research, and some experimentation
to exp lore its consequences would probably be beneficial, if only to dispel it. There seem more than enough cartographic
coding conventions to be learned even if they are universal, w ithout gratuitously adding more . The potential advantages
of using different conventions for different map series seem far outweighed by the disadvantages incurred.

I 2d THE REQUIRED ACCURACY OF INFORMATION

Accuracy is a function of a series of stages in map production and usage, including the following:

(I) The choice of projection system.(2) The quantity and quality of data available for compilation.
(3) The selection of categories for mapping, and the resultant information density.
(4) Scribing techniques and tools.
( 5 )  The skill of the compiler.
(6) Cartographic printing technology, including choice of paper.
(7) Map scale, content and function.
(8) The user’s ability to map read and to interpolate.

It is not always possible on a map to cc,nvey its level of accuracy adequately. If the map has been compiled from
uncertain data, it may be difficult to indicatt~ that the accuracy is low , part icularly with linear and point features which,
if they are present , are depicted on the map at specific positions and thereafter accorded a spurious precision. The
accuracy of information on aviation maps must not be exaggerated. A prominent feature boldly depicted at a precise
location where it does not exist can be dangerously misleading. A frequent critical comment by airc rew is that maps of
regions of very low information density can give a wrong impression by exaggerating the number of features likely to
be visible from the air, and by failing to convey the featureless nature of the terrain.
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From t he point of view of the user , it is impossible to depict information as accurately on small scale as on large
sca le maps. Th is is because subjective impressions of accuracy are mainly related to visual conjunct ions on the paper , and
the perception of thresholds, just not iceable differences , and interpolations depend on angular subtensc rather than map
sca le. It is not operationally necessary to have the same accuracy on small and on large scale maps , and factors such as
genera lisation , assoc iated with progressive loss of detail, mean t hat accuracy is always relative. Even the largest scale map •

has sonic loss of line detail compare d with the terrain it represents. Somet imes accuracy has to he sacrificed in the
interests ol clarity. An example occu rs on small scale maps with several parallel linear features ,uch as roads . rai lways .
and a river in a narrow alley, each depictcd by a line the thickness of which, at t he map scale , covers a much greater width
than the feature itself.

For many operational roles , t he efficiency of the map is enhanced by some compromising of accuracy. At the
smallest scales , systematic errors assoc iated with the choice of projection mean that certain information is not fully

L accurate for certain tasks . In general , a consideration of the tasks to be done with a map makes plain what accuracy is
needed on it. From high altitude , t he general shape of a coastline must be shown so that it can be recognised and
identified, and obsessive accuracy in its depiction would lead to excessive fussy detail, invisible from high levels and
obscuring the main outline. On the other hand, features w hich may serv e as check points or for updating an automated
nav igation system must be depicted accurately on the map in order to distinguish them from other similar features.
Differences among aviation maps in their requirements for accuracy therefore reflect different envisaged usages. It would
not be ideal if the accuracy of all of them was the same. This does not mean that features chosen for depiction do not
need to be located accurately on the map but there is no point in relentlessly pursuing accuracy in one respect if larger
sources of inaccuracy affecting the same feature , such as the projection system or limitations on vision, are known to be
present. For operational uses where patterns of features are sought, perceived and interpreted, the relative accuracy
with which features are located may be at least as important as the absolute accuracy of the location of each. Symbology
which in the interests of discriminability sacrifices some accuracy in depicting relative locations may not be acceptable.

If the map will be used with fine measuring tools or magnification, great accuracy is needed so that the map contents
just ify the proposed precision of measurement. If the map will be viewed rather than measure d, accuracy far beyond
the users’ ability to discriminate becomes pointless. The users’ accuracy in reading fine scales (Carr and Garner641 ), in
reading polar co-ordinates (Green and Anderson643 ), in interpolating spatial locations (Guttman and Finley420 ), in
discriminating different line thicknesses (Wright iSm ) and in estimating direction from a map (Grey et aI.am m ) can be
predicted. If the map will be used to measure sinuous linear features, then the methods by ,which these may be compiled,
w ith their associated sources of error, need to be known (Keates ’20 ), and the sources of error while using various
measurement tools need to be understood and related to them (Maling’45 ). Generalisation and scale are among the
factors which may affect substantially the accuracy possible in making such linear measurements. Some cartographic
convent ions, such as hilt shading, are inherent sources of inaccurdcy in their fine detail, though not necessarily in their
general impression, and some of the problems associated with them were discussed by Jenks 7

~~, Harri s ’57 , and Jenks and
Knos64. Differing land and air requirements for accuracy may be hard to reconcile within a single map (Bennett et aI I m4 ).

Gammon~~
3 pointed out that the accuracy of a map need not be a matter of speculation, but that estimates can

often he made of the prevailing levels of accuracy which it would be prudent to assume when maps are being used. Means
and distributions for errors in drawing can be quantified, and those for other sources of error estimated and combined
with them. With such information, the true operational value of the map can more realistically be appraised. As Keates464
pointed out: “The question of ‘accuracy ’ in a map is not only a matter of scale , position and measurement in plan and
height. The map can only be ‘accurate ’ if all the information is specified, and if in turn this information is passed on
to the user. Most modern map series have become much better defined as regards to metrical information: scale, projection ,
grid, ty pe of survey , etc. are normally indicated in the margin of each sheet. The same sort of approach must be
attempte d with the other map information , befo re a real assessment of ‘accuracy ’ can be made”.

l2e GENERALISATION AND DETAIL

Generalisation in cartography refers to the progressive decrease in the information which can be shown on a map
as its scale is reduced. This has a manor e ffect on the content , appearance and function of a map, larger than intuitive
initial impressions would suggest. A reduction in scale from 1:250 ,000 to I : 1 ,000,000 means that the same region must
be portrayed on 1/16th of t he paper area. This in itself would pose no problems if all discrimination remained
unimpaired when reduced in size. However , to rema in discriminable at the smaller scale , symbols must retain their size
and lines their thickness. Cartographic conventions of portrayal cannot be directly trans formed in a way commensurate
with the scale reduction. Information must therefore be discarded, modified, combined, simplified, exaggerated or
even displaced, as part of the process of generalisation. This process must not be arbitrarily or rigidly defined, nor must
the generalisation be allowed to change the character of the region port rayed . A jagged coastline must still appear to
be so, and a meandering river must still meander at the smaller scale. Logical locational connections between features
and physical relationships must not disappear. The network of communications must still link settlements. The com-
plexity of the drainage system and its relation to relief must be conveyed. Many of these points are discussed fully by
Keates ’20 ).

~
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Topfer and ~~~~~~~~~ demonstrated t hat , in selecting information from more detailed source material for
portrayal on maps at smaller scale , cartograp hers follow closely and intuitively time radical law of cartographic
genera lisation. According to this law , t he selection of material for a sm oa l ler scale map can be expressed mathematically
as a function of the density of kature s on the source material , and t he scales of the source material and Lime derived
map. This enables the cartographer to predict the approximate amount of imiformation he can expect to portray on 

•

a derived map of any known scale. The principle is widely applicable , by substitut ing different constraints , for
examp le for point , linear , and area features , in the general formula. Its applicability extends to place names , and to
the generalisations of outlines and forms. Its utility is restricte d to giving quantitative guidance , indicating how many
or w hat proportion of feature s in each category should be selected , hut leaving time compiler to decide which specific
Ofles should be chosen. Furtimer formulae for achieving regular generalisation in selecting information were presented
by Srnka476 w ho elaborated thc treatment of linear features to include the factor of line length. Morrison473

described generalisation in term s of set theory , w hich he used to propose how the classif ication of symbols should
vary to take acco Lmnt of generalisation and map scale . A comparable approach with similar aims hut based on informa-
torn t heory was adopted by Sukhov 475 , w ho also derived formulae to assess the consistency of cartographic general-
isation. Such formulae, w hile of practical value , cannot ta ke full account of the more qualitative influences on the
pract ice of generalisation , such as reta ining terramn characteristics and showing locational relationships and dependencies .
These aspects of generalisation can contribute substantially to the observed differences between aviation maps.

Initially the problem of generalisation on aviation maps was associated with increased aircraft speeds and the resulting
- 

. need to reduce map scale (Miller 4m ). Solutions could be found for high level flight, w here operational requirements could
be met by mapp ing imiajor features (Schreiber 25 ). Low level requirements introduced the need for detailed information
on the map. To some extent this could he reconciled with low speed requirements by providing larger scale mapping
su ited to operational needs (Wright and Paulcy~~

9 ). The advent of high speed low level flight tended to produce problems
of generalisation with no satisfacto ry solution because of conflicting requirements. At low level , small features may he
glimpsed hut the general shape of large feature s may not be apparent. Thus for navigat ion and other tasks many detailed
features may he needed on time map. They can be provided only on a large scale map. At high speed there is not time
for lengthy perusal of a large scale map in search of detailed features, and the bulky quantities of large scale mapping
required to meet such a need would lead to severe handling problems in the cockpit in high speed low level flight.
Techniques of genera lisation must therefore be used to try and strike an acceptable compromise between map scale and
operat ional requirements .

In dealing with the human factors implications of generalisation in aviation maps , it is useful to follow Keates ’
distinction between location and mear ing. Whether generalistion of location is by selection , combination or simplifica-
t ion, singly or together , principles of form and pattern perception should help to indicate the extent of changes which
may he made without destroying perceptual structuring and rendering features unrecognisable. The kinds of evidence
needed can he deduced on t ime role of redundancy in form discrimination (Rappaport 667 ), or t he relationship between
visual organisation of patterns and their judged complexity (Payne 614 ), or t he critical factors which determine whether
patterns are judged to be the same or different (Sekuler and Abrams 237 ) - but the limited evidence a~j ilahie is not
suf ficiently practical , comprehensive , clear or authoritative to be applied to map generalisation, and more specific
ev idence for this purpose should be obtained, mainly from laboratory studies. Examples of quest ions are the following.
How much simplification can he tolerated if lines at different scales must still appear equally jagged? Which detailed
parts of t ime outline of a filled area must be retained at a smaller scale to ensure that the shape is still recognised? What
is the best method for showing on a small scale map that a region contains many small features (e .g. lakes , streams .
copses) w here principles of generalisation would suggest that it contains a few large features, or none? How far can
generalisation employ displacement without leading the user to question the accuracy of the whole map? Is it valid ,
in considering which features may be combined , to presume t imat features in different elements (e.g. land and water)
must not be combined , hut features within the same element (e.g. wooded and unwooded parts of the land surface)
may be?

Generalisation of mean ing poses different problems, one of which is the obliteration of operationally useful
distinctions within a category or suheategory. This has two aspects. One concerns the portrayal of hitherto differentiated
features in the same way: all roads may he alike for example. Another concerns the selective portrayal of features in a
category: all roads are not shown , for example . Sometimes a separate coding may imply the presence of features, as
w hen town fill implies that there are roads which are not shown. Often on small scale maps , a selection must he made:
.~II roads cannot he shown if they are numerous because they would lead to excessive clutter and give undue emphasis
to wads as an information category, but it is still desirable to distinguish on small scale maps between a region with many
roads and a region with few , even thouglm in both cases few can actually be portrayed. The roads selected for retention
on the small scale aviation map may not be chosen because of their operational significance, which would depend on
factors such as their visibility from the air and their strategic importance, but because of their importance on the ground
according to a road transport classification.

In applying generalisation to aviation maps , it is vital that the maj compiler has a detailed understanding ~f how
the map will be used and what information will he needed , since the specialist requirements of aviation may entail some
modification of the normal processes of generalisation. In particular , the principles of generalisation for an aviation map
should be derived from source material , and not from another map which is itself a generalisation (Keates ’20 ). Also
excessive reliance on photographic sourc e material may fail to provide an adequate cartographic basis for forming
categories and subcategories (Keates4u ), and for grouping these in the most efficient way for aviation purposes.

______  ________________________  — — 
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Time s~ ays in w lmieh genera lisatiomi limits map detail , and t hme prohlems in formulating principles of gemme ralisation for
maps with wor ldwide or ve ry extensive coverage , reqim ire far more attenti o m i in relation to aviation maps t h an t hmey h ave
rece ived. 1 lie perceptual mmoplications of gencralisatmon are not fully umiderstood , and met h ods of retaining the cor rect
mmpression of t u e  genera l charact e r of terrain at various scales are often immadeq uate . The selection of imi f~ rmut ioii for
inc ltismom i on the map often fol lows cartograp hic practices which imav e proved their worth in ot lmer contexts . but which
may fa il to meet aviation miceds. The vast conglonmeration of theoretical s1udi~s on pr inciples of pattern percepti omi has
~e ldoni dealt with patterns where all the immaterial is meaningfu l as on a topograph ical map and so it eaim not furnish guidance
on Imoss t he aimos of ge iic ra iisatiom i may best he achieved perceptually.

12f %IAPSCAL E

M.ij’ sca le is time most mnmp orta nt sim ig he source of diffe rences between aviation maps. Time choice of time correct scale
to sens e operationa l needs is the m ain deter m inant of t h e  Imlap ’s efficiency, since it limits the information which can
appear on t he map. Aviatiom i maps may range in scale from 1:4 ,000,000 to 1:50 ,000. and occas ionally outside this range.
The commonest scales are 1:1 ,000,000, 1:500,000 and 1:2 50 ,000. It is beyond current resources to achieve worldwide
coverage for av iation purposes at a larger scale than 1:250 ,000, and for some geogr~phicai regions reliable data to compile
accurate maps at larger scales are not available.

Although traditional map scales collectively provide a reasonable set of maps to serve most aviation purposes ,
developments in display technology , and the comparison of mapping with material generated from radar , infra-red , and
other sensors, may require the map to be adapted to the sensed data. This constraint applies to scale as to other factors .
The scale of a map for combined radar map matching displays must be that of the radar display, ami d the map must usually
be reduced or expan ded iii order to match the radar. In a projected map display the scale of the map image is a function
of the photographic reduction and optical magnification factors . In the future , therefore , the scales of aviation maps
may he e xpected to becom e more flexible and variable. It follows that the scale of maps in any form other than paper
w ill tend to be less self-evident and familiar. Computer mapping permits such flexibility, but its full implications in terms
of training and misinterpretations of scale are not yet known.

Lichte et al. 56 ident ified map scale as a neglected factor in relation to the efficiency of reading aviation maps. Faced
w ith the problem s of interpreting radar displays in relation to map, Lichte 58 exam ined the e ffects of m a p  scale and
amount of information on target identification. For identifying targets from photographs, larger scales were better , and
greater v isual emphasis on cultural features on the map was advocated (Lichte et al.57 ). Their finding that level of informa-
t ion on the map had no significant effect on performance seemed to warrant ftmrther study. A large scale map was
suggested for radar interpretation , and a smaller scale map for navigation and orientation (Lichte 59 ).

The maintenance of orientation was the primary concern of a series of studies by McGrath and his colleagues in which
pilots’ per formance of simulated flight tasks was measured. Whereas according to Lichte map scale was important but
t he amount of information on the map was unimportant in target identification and town shape recognition tasks , accord-
ing to McGrath et aI.m32 a change of map scale had no significant effect on perf rmance of a low altitude orientation task
as long as the information content of the map was held constant , and only when a change of scale was combined with a
c hange in information content were there significant e ffects on performance, better performance being associated with
more information on the map. As a result of this finding, they hypothesised that it should be possible to reduce map
sca le without impairing orientation performance , and teste d this hypothesis in the following year (McGrath Ct al.3’9 ). The
resu lts refuted the hypothesis , but were comp lex , be ing dependent on the route flown. It was suggested that for the
different conditions of flight associated with different routes, pilots might have adopted different orientation strategies.
Heap ’24 also considered the effects of map scale on the maintenance of orientation, in his discussion of visual factors in
aircraft navigation.

In a study of low altitude navigation with Army tactical maps, Grey et aI.as m measured direction estimation using
maps of different scale , but the advantage of the 1:100,000 map over the 1:250 ,000 coul l have been a function of the
different frame of reference associated with grid line frequency. When the task for Army aviators was position location,
and the scales compare d were 1:250,000 and 1:25 ,000, error magnitudes were approximately a linear function of scale ,
and it was concluded that while a mnodified 1:250 ,000 scal&map would suffice for enroute tactical navigation over
considerable distances , an intermediate scale , perhaps 1:100 ,000, would be needed for tactical manoeuvring in a target
area (Edmonds and Wright 20K ). For Army navigation at low levels , part icularly over unfamiliar terrain, Wright and
Pauley~~

9 believed that automatic dead reckoning in som e form was necessary, and that the cartographic problems,
coupled with human limitations in maintaining orientation, were insuperable without such automated assistance.

A foretaste of some future problems with nap scale was apparent in McKechnie ’s 218 invest igation of alternative
maps on w hich targets to he found on sidescan radar imagery were marked. Neitlmer of the maps examined was at the
sam e scale as the radar imagery. Although both maps produced spectacular improvements in finding designated targets
and in minimising false positive responses , the importance of the factor of scale , and particularly of similarity of scale
between m a p  and collateral mate’ ia l , could not he established, The study of pattern recognition at different scales , at
different orientations , and with changes in visual emphasis lends itself to controlled experimental methods to identify
the relevant perceptual variables and their relative importance , hut has not been pursued in ways which are pertinent to
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map scale. It would be expected that the facility to recognise patterns at a different scale or in unfamiliar guise would
improve with appropriate training, but t his has not been demonstrated in ways which give practical guidance for training
map users.

In transforming scale , it is necessary to consider whether aviation maps require specific principles of selection
(Topfer and Pillewizer 607 ). Rather thami portray on smaller scale maps a proportion of features exemplifying a specific
cartograp hic category, it might be operationally desirable and less potentially misleading to retain all examples of certain
features (suc h as railways and airfields) and discharge others completely. A firm conclusion on this point cannot be
reac hed on existing evidence , but though portraying a proportion of features is good cartographic practice in other
conte xts it may be highly misleading and potentially dangerous if the categories of features most readily visible from
the air may or may not be mapped in individual instances. On the other hand, the principle of portraying all examples
could he taken too far and lead to excessive clutter and difficulties in portrayal. It is important to decide whether all
examples of a cartographic category, or only a selected specified proportion of them, need to be portrayed, w hen job
analysms is being used to determine operational needs and the quantity of information which must be provided, and hence
the scale which will be most suitable. This is the logical sequence to follow in determining the scale of an aviation map.
Although scale is thought of primarily as determining the quantity and accuracy of mapped information, it also affects
content , by reduc ing subcategories, and by modifying the meaning of certain codings : Rartz~ noted the role of typefaces
as a scale indicator in this connection. Very small scale maps illustrate gross reductions in cartographic information
categories.

A final note must be appended on the secondary meaning of the concept of map scale in cartography, related to
the primary one of the distance between any two points on the map as a proportion of the distance between the same
two points on level ground. A map scale may also be a line, forming part of the map legend, intended to provide a
measure for reading distances on the map in terms of distances on the ground. In designing this scale — its length, anchor
points, intermediate marks , line thickness and weight, and annotations - - standard recommendations for the design of
linear scales given in handbooks of human engineering should be followed, modified as appropriate to take account of
such factors as cockpit vibration, level and colour of illumination, viewing distance, minimum eyesight standards, and
the design of measurement tools used with the scale.

I 2g THE PREFERENCES OF THE USER

Whether the preferences of the user account for major differences between aviation maps depends on a combination
of three factors:

I. How much the user has been consulted.
2. How closely his expressed wishes agree with his true needs.
3. How well informed the cartographer is about map usage.

When the user is asked for his views about an aviation map, he usually considers it for the tasks which he can envisage
in a postulated operational role. He tends to compare it with other maps he is familiar with. He also concentrates on the
tas ks he has done or knows of, and often has insufficient appreciation of future operational roles to evaluate maps in
relation to them. The user’s frame of reference for evaluation and his time scale can therefore be different from those of
the investigator. The former is preoccupied with his everyday requirements whereas the latter may be trying to compile
a specification for a map which will not come into service for several years. The researcher may be concerned with roles
or missions which do not yet exist , or w ith map reading tasks for which there is a future requirement but no current one.
In these circumstances questioning of prospective map users can lead to misunderstandings, and differences between maps
may me flect both the extent of the users’ influence and how informed their comments were .

it is therefore essential that both researcher and user know exactly why the user is being consulted when his views
are obtained. Otherwise his stated preferences may be based on false premises. It is also essential that the methods of
consultation must be appropriate for the objectives. A user may be asked for his comments on the specific content and
portrayal of an experimental map, or he may be invited to speculate on cartographic data that would be useful to him
if provided: in either ease he must know in detail the kind of mission envisaged, his role, his tasks , the other navigation
aids he would have , and the operationally acceptable standards of performance. If this is not made clear, different users
may make different assumptions and apparently hold more diverse opinions than they do. There must also be a
distinction between absolute requirements and preferred alternatives.

Despite these caveats , it is desirable always to consult the user. He has different knowledge and experience and a
different frame of reference. Ultimately the value of the map depends on what the user does with it. The user can
envisage how he would use the map, and can convey this to the cartographer. If this does not accord with the
cartographer’s intentions or with operational requirements, any discrepancies must be resolved, in the interests of
operat ional efficiency. The user can identify difficulties in the proposed usage, and perhaps suggest extensions to
anticipated uses. Consultation has value in its own right, giving the user the satisfaction of stating his preferences,
although this can become counter-productive unless his views are seen to be heeded. This does not imply he must
get everything he wants , but simply that his influence on certain attributes of the final map can be traced . Such
consultation can ultimately bring the benefit of greater willingness on the part of the user t accept and try to succeed
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w ith a product he has helped to specify . Maps which have been influenced by users ’ expressed preferences may be more
operationally efficient , more pract ical, more colourful, and less innovative than the cartographer’s unsupplemented efforts.
Thus differences between map series may be a reflection of the nature and extent of user consultation and of the
inclusion of the users’ state d requiremnents in the map.

The user states what he wants to see omm the map. What he needs is determined by job analysis , in relation to
operational requirements , user’s capabilities, and cartographic practice , a criterion being success or efficiency in task
per formance. Wants and needs m a y  or may not coincide. The user may have insight into his performance and prefer what
is most efficient, but it is quite common for stated preferences to clash with operational needs. McKechnie ’4’ showed
in his comparisons that for successfully flying a prescribed flight path a photostrip in a display was superior to a moving
map in the display, which was in turn superior to a hand-held map, but pilots wanted the hand-held maps. McGrath and
Borden ’2’ also found discrepancies between user preference for maps and the best maps judged on the basis of navigation
perfo rmance data. I-till5t6 tested orthuphotomaps under field conditions, and although there were scarcely any
performance differences subjects preferred the familiar line map. Objective and subjective evidence need not coincide
if they always did, it would be pointless to collect both. Users act on what they believe to be the case , that is according
to their expressed subjective opinion. If this conflicts with objective evidence , they usually are unawa~e of this , and often
find it difficult to believe. Since early investigations (Murray 28 , Schreiber 2m ), it has been common practice to obtain both
subjective and objective data in map evaluations.

Although there may be discrepancies, the subjective and objective data can be mutually confirming when they are
in substant ial agreement. Murrell’s ’3’ highly detailed study of users’ selection of cartograhic information for small
designated map regions, which included assignments of assessed operational importance to each selected cartographic
feature , gave very similar results to an experimental map compiled from an air survey of the region, and Murrell interpreted
this as validating both techniques. Some cartographic techniques depend on subjective assessments , and therefore have
to include subjective judgements in their usage and validation. In selecting a sequence of shadings or tints , the criterion
is subjective equality of intervals, and it is irrelevant to adopt an objective method if it does not produce subjective
equivalence (Jenks and Knos~~).

It is possible to obtain a comprehensive evaluation of an aviation map from users’ preferences (Lakin633 ’ 340 ), although
such an evaluation retains the limitations associated with the method, and its objective validity cannot be presumed .
If there is a consensus of adverse opinion among users, which is known to come from independent sources so that it
could not be a collusive group view agreed after discussion, this indicates that the map is unacceptable. Even if it is
efficient, users who find it unacceptable may be unwilling to use it , or may fail to use it to best advantage. Uopkin’°
discussed some of the reasons for the unfavourable comment on the Joint Operations Graphic in terms of display
principles and human factors data , but noted that the application of human factors data , even if proved to he valid ,
would not be a substitute for user opinion which provided a different kind of evidence. If there is no operational
pena lty according to objective measures , providing users with what they want can be advantageous in enlisting their
effort and collaboration. Users not only like colour as a coding because it is attractive (Sanders622 ) but also have v iews
on the attractiveness of alternative cartographic techniques.

Maps also differ because cartographers vary in their knowledge of how they are used. The JANAIR Symposia
(McGrath68 ’69 ) sought to inform users and cartographers of each others’ problems, and in particular to ensure t hat
users’ future needs were defined so that there would be time for cartographers to meet them. This is a general problem *
for cartography, not confined to aviation maps, and Harris 727 summar ised two conferences which sought to compile
and integrate users’ requ irements. Harris saw automated cartography as the future solution to many user requirements ,
and this is also seen as an aid to military mapping, particularly in meeting tactical requirements for rapid mapping
t Schaubel’33 ).

It is tempting but wrong to assume that once the cartographer has a full understanding of users’ negds he w ill be
able to produce maps to meet them. New needs may produce cartographic problems for which a solution has to he
found, or for which none can be found. The users’ pre ferences may rest on suppositions which are wrong, or may lead
to sources of confusion w hich the user cannot predict but the cartographer can. The user may know that for radar map
matc hing he needs a map pattern which he can compare wit im the radar without error , but he may not know what kind
of pattern would he best , or even w hat kinds of pattern are technically feasible. The preferences of tIme user may not
always he stated so specifically that they can he implemented without modification or interpretation by the cartographer .
and t he user cannot he assumed to have a comprehensive knowledge of mapping when he expresses his needs. [)ifferences
among cartograp hers in their interpretations of users’ state d preferences can lead to diffe r~ ices between av iation maps.

I 2h THE INFORMATION CONTENT OF COLLATERAL OR SUPERIMPOSED DISPLAYS

If a map has to he used with collatera l displays, this may influence its content and appearam ice greatly, somet imes to
the extent of requiring special mapping which differs radically from other aviation maps. The map may be used for
briefing or planning how to use collateral or superimposed information, may be used in conjunction with it as it is
generated, or may he used aft e rw ards to interpret it. Whatever use the map is intended to have , its value depends on its
visual affinity with the other sources of information. This implies a requirement to predict the features which will appear
on t he collateral or superimposed displays, and whether these features will he sufficient to enable the displays to he related
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to the map. If they are insufficient , furt her cartographic information may have to be added until sufficient visual
relationship between the display and the map has been established. Similar considerations also apply to thi- method of
portrayal of information on the map which must be compatible with the display and have sufficient visual resemblance
to demonstrate correspondence in patterns. The format of any additional cartographic information most relate to the
collateral display: otherwise the compilation effort will go unrewarded.

Any form of collateral or superimposed display, such as radar map-matching (Braid~~’), or sideways looking radar
(McKechnie 2t8 ). illustrates these principles. Guidance on the extent to which conventional mapping may be unsatis-
factory may he gleaned from relating operational requirements to factors such as redundancy (Rappaport407), pattern
comp lexity (Bush et al.2m7 ), and sur face texture (Gibson81 ). The influence of the collateral or superimposed material
on mapp ing will also depend on the envisaged form of the mapping, and particularly on whether it is direct view ,
projecte d or kinescopic (McGrath433). l ime feasibility of electronically generated mapping introduces further options
for relating maps to other material (McGrath ’60 ), w hile increasing the potential sources of differences between av iation
maps.

The criteria for determining the information content of electronically generated maps can be quite different from
those of conventional maps, since they may depend on programmed instructions rather than on visual appearance , and
hence have the potential for drastically changing the principles of selection in relation to maD scale. The scale itself m a y
he manipulated by software instructions. If the collateral or superimposed material is also digitised or expressed in
computer terms , as with digitised infra-red linescan displays, the possibility of computer comparisons and correlations
can be contemp lated, instead of visual ones. The consequences for visual judgement are complex , and the role of man
in verifying the validity of comparisons may be difficult to achieve. One major problem is that a significant mathematical
relationship between patterns may or may not appear as a v isual relationship to an observer. Notions of sameness or
equivalence in pattern perception depend on whether the man or machine is correlating the patterns. Whether it would
be better for operational purposes to rely on mathematical correlations between digitised map information and collateral
mater ial or on visual judgements of analogue or digitised information, is a matter of speculation. Optimum performance
probably occurs if both are employed and each can be used to check the plausibility of the other . While the feasibility
of such technological developments can be foreseen, the human factors evidence which will be needed to judge how they
may best be used for operational purposes has yet to be gathered.

I 2i DISPLAY TECHNIQUES

A variety of display techniques is available for presenting cartographic information in aircraft cockpits. In an era of
rapid technological advances, many new display techniques can be exam ined to see if they could be applied to the
cockpit. In future cockpits, greater use will almost certainly be made of the cathode ray tube as an information display.
McGrath’6° compiled a list of map displays, and noted further technical possibilities not yet in production. Most of these
are discussed in Chapter I Ic.

On the whole, new display developments belie the tag that necessity is the mother of invention. Far from fulfilling
a long-felt need, they usually have to be evaluated to see what they could possibly be used for. A new display is not
normally a response to a future operational requirement; rather the operational requirement has to be fitted to the
current state of the art in display technology. In general, tec hnological advances are not modified to fit existing maps:
it is the maps that have to be modified to fit the technology, w hich for cartography and for human factors may be a
lengthy and ultimately unsatisfactory process . Just because an accept able solution to a technological problem can be
found, it does not follow that there must be satisfactory solutions to all the cartographic and human factors problems
which it poses. Advances in displays have not usually been made in response to cartographic requ rements or human
factors considerations, nor even in response to operational requirements. There is therefore no justification whatever
for taking it as axiomatic that new display aids in the cockpit must lead to better maps, be compatible with human
ab ilities or improve task performance and efficiency. If these benefits do ultimately accrue from a new aid, t hey are
likely to owe as much to the competence and ingenuity of supporting cartographic effort and to the successfu l solution
of associated human factors problems, as to the aid itself.

Any new navigation principle has normally to be adapted and developed for human use. A projected moving map
display is an encumbrance unless the man can read the map. Radar map matching is pointless unless the man can see
somet hing he can match the radar map with. Continuously generated material is of no use if it moves so quickly that
the man can only see a blur. If the man must wear image intensification goggles but cannot read any map through them,
then his operational role, or the way lie fulfils it , may have to be changed. This is not to decry all advances in display
technology, many of which have been highly beneficial in the past. It is vital to recognise, however , t hat these benefits
are not intrinsic and automatic but have to be worked for; where they involve cartography or human factors, or both,
they generally pose difficult problems which have to be solved as a condition for making use of the new display. There
is always some tendency, in evaluating something new, to concentrate on demonstrating its envisaged merits, and to
underplay the operational implications of its flaws.

Display techniques are therefore proving to be a major source of differences between aviation maps in the cockpit.
Even if roles are similar, maps may have to be different to meet display requirements. Paper maps are generally not
suitable without modification for projected displays, for superimposition, for use as collateral material, for viewing
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through goggles, or for presentation on videotape, on a cat hode ray tube, or as a television disp!ay. The more dis,,lay
technology advances, the greater will be the need to introduce specific cartographic modifications to obtaimm suitable maps

I for each one. The more constraints the display technology imposes, the less applicable the lore of cartography becomes
to solve the problems which arise. Cartographic language, sym bology, information density, format and content may all
have to be questioned, to the extent that it may become debatable whether the final product can be described as a map.
Display technology affects not only the content and appearance of the map, and what can be read on it , but also what
it can be used for: what can be looked at again, how far ahead th~ map can be used, whether annotation is possible, the
usage of plotting aids, etc. New tools, measures , anno~~tion methods, and aids may have to be devised, not to extend the
functions of the map in its new form, but to keep the functions it formerly had. Such factors, of greater operational
importance, need to be considered when cartographic display techniques a~e evaluated.
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CHAPTER 13

INDIVIDUAL DIFFERENCES

- I 3a SELECTION AND TRAINING OF CARTOGRAPHERS

Individuals differ in a very large number of ways, some of which are relevant to cartography. It can be assumed
that everyone would not be equally good as a cartographer. If particular skills or attributes can be identified as
essential or desirable in the good cartographer, tests of the possession of these skills or attributes, or of the potential
to acquire them, can be used to select people who could become cartographers. Appropriate training can then turn
this potential into reality by engendering skills, knowledge, experience, techniques, standards of performance and
professional ethos.

Effective selection and training procedures presuppose that the requirements for the job can be defined and that
the extent to which they are met can be measured. If the hallmarks of a good cartographer can be stated , they provide
the means to verify the efficacy of cartographic selection and training procedures generally, and for individuals. If
the hallmarks are unknown or speculative, then it becomes necessary to deduce what they might be, by analysing the
principles and practices of cartography and relating these to measurable individual differences in pertinent human
attrioutes. Judgements are required on how far the relevant attributes depend on innate characteristics and how far
they can be learned — on whether a good cartographer is born or made. Selection methods seek to discard all those
who, for whatever reason, are incapable of becoming proficient cartographers.

All the attributes of a good cartographer cannot currently be listed, and for various reasons some may be changing.
It is therefore not immediately obvious how cartographers should be selected or how they should be trained. There is
even disagreement on what cartography is: Ratajski~~ noted that it could be defined as a science or as a skill, and
Keates ’2° cites a definition of cartography as the “art , science, and technology of making maps . Cartography may
be construed as embracing every aspect of mapping, but in this section (and generally throughout this text) its meaning
is confined to the handling and presentation of data, as distinct from data collection. Cartography as a discipline has
tended to emphasise the provision of information rather than its practical usage, and to presume that if information can
be presented and discriminated it can also be used. On a strict interpretation, an understanding of how maps are actually
used, as distinct from how they could in theory be used, might not be a necessary aspect of a cartographer’s training,
though many would contend that such an understanding is indispensable.

A text , such as that of Keates ’2° on the theory and practice of cartography, can be used as a basis for stating what
the cartographer’s job is and hence for deducing the attributes which would be advantageous in a cartographer, provided
that this deductive process is extended to include any further cartographic functions which the text specifically omits,
such as projection systems in the case of Keates. These attributes are not expressed in cartographic terms but in human —

factors terms.

The following is an example of a list of factors of potential relevance to selection, compiled deductively. For all
these factors, standard tests or measurement tasks exist.

(1) Cartography is primarily concerned with visual perception. Potentially relevant attributes amenable to testing
include:

colour vision; visual acuity; visual memory; comprehension of shapes; pattern perception.
Long term eyesight changes may need to be predicted as part of a selection procedure for cartographers, to
ensure that deteriorating eyesight is not an occupational health hazard.

(2) Cartography is concerned with communication, visual and verbal. Potentially relevant attributes amenable to
testing include:

verbal reasoning; linguistic aptitude; logical thinking; vocabulary.

(3) Cartography is concerned with painstaking and high skilled scribing work , demanding consistently high levels
of performance. Potentially relevant attributes amenable to testing include:

manual dexterity; mechanical ability; motivational strength; obsessionalism; clerical ability.
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(4) (‘artograp hy requires the understanding and recall of complex concepts and processes. Potentially relevant
attr ibutes amenable to testing include:

general intelligence ; abstract reasoning; spatial reasoning; cognitive functioning.

(5) Cartography requires forethought , planning, and good management. Potentially relevant attributes amenable
to test ing include:

Managerial ability; organising ability; creative thinking.

(6) Cartography requires numeracy, quantitative thought, and an understanding of digital principles. Potentially
re levant attributes amenable to testing include:

numerical ability; nonverbal intelligence ; computer programing ability.

I The above list is not exhaustive , is tentative and is hypothetical rather than proved. If particular cartographic
tas ks entail interdisciplinary work and an understanding of the jobs of others, certa in social skills may also be required
in the cartographer. Some personality factors , such as patience or persistence, may also be important enough to be
included in a selection procedure. The above list illustrates the logical thinking of job attributes to psychological
dimensions which can be measured quantitatively by existing tests or standard tasks. This linking is a preliminary stage
in defining relevant factors for a testing programme intended to assess which of the identified factors have predictive
va lidity in selecting cartographers.

A comparable process can be followed in relation to the training of cartographers, to establish what knowledge
they need to acquire. From descriptions of cartographic processes, from the observation and measurement of
cartographers at work , and from task analyses, the knowledge which needs to be instilled during training can be derived.
Potentially relevant knowledge includes the following:

( I) Principles of visual perception, discrimination, structuring and legibility.
(2) Coding, symbology and other logical principles for communication.
(3) Principles for the display, processing, understanding and use of information.
(4) Typography.
(5) Principles of good design.
(6) Data collection methods, and their relative merits and disadvantages.
(7) Principles of geography and topography.
(8) Geographical map content.
(9) Cartographic conventions and standards, for categorisation, presentation and generalisation.

(10) Printing and ink technology, photographic and non-photographic cartographic methods, and associated
chemical and physical processes.

(II) The organisation of map compilation a:id production.
( 12) Computer procedures in map compilation and production, and in handling cartographic data.
( 13) Map projections and transformation principles.
(14) Scribing and draughtsmanship.
(15) Definition of the map user’s requirements.
(16) Skills and knowledge of the map user.

The above list is not intended to be fully comprehensive , and all the items in it are not of equal importance: on
some topics, knowledge in depth is essential, whereas on others a smattering of knowledge may suffice. Nor is the
previous list, compiled for selection purposes, closely related to this list: the former list is of postulated desirable and
measurable attributes in the cartographer and l~resumes some individual differences, whereas the latter list is of topics
on which the cartographer should acquire some factual knowledge during training. Both kinds of list can be compiled
from an understanding of the principles of cartography, coupled with an examination of what the cartographer actually
does.

Training is not only a matter of gaining knowledge but also of learning techniques and acquiring skills. A selection
procedure is deficient if it fails to select those who have the capacity to develop cartographic skills. It should reject those
w ho are clumsy or careless, or too readily distracted , or indifferent to professional standards. The aim is to choose those
w ith the abilities and temperament to become cartographers, and train them to achieve what they are capable of.

Selection and training methods have to be validated. For selection , validation implies a demonstration that those
selected become better cartographers than those rejected would have become , and also that , among those selected, the
best when selected tend ultimately to become the best cartographers. For training, validation implies that the relevance
and the worth of the contents of training and of the techniques and skills acquired can be demonstrated in terms of the
quality of the cartographic product or of cartographic understanding. Ideally, no major omission from training can be
made without incurring a relevant decrement which can be pointed to, and no major addition to training can be made
which would result in a substantial cartographic improvement.

Methods of validation have to employ a touchstone independent of what is being validated - a separate index of
the quality of cartographic achievement. It may depend on subsequent career , on independent assessments of the
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individual’s cartographic work , on professional reputation, on instructor’s assessments, on standard tests of attainment ,
on subsequent formalised assessment procedures, or, most commonly, on a combination of some of these factors. Gross
deficiencies in selection or training methods may emerge at a relatively early stage during validation, for example if the
predictive value of selection is low or non.existent , or if during training irrelevant skills are acquired, but essential skills
are conspicuously absent. Thereafter, the refinement and continued development of procedures for validating the
selection and training of cartographers is a matter of progressively finer tuning of them in relation to progressively less
obvious deficiencies in the cartographers they produce.

Additionally, ailow’snce must be made for changes in the nature of cartography. These should be mirrored in
selection and training procedures which must be flexible enough to meet changing needs, by adding or omitting aspects
of selection or training or by weighting aspects differently in accordance with changing priorities. The increased emphasis
on photography and on computers in cartography requires corresponding changes in selection and training, to ensure that
the cartographers being selected now are not overburdened with knowledge and skills which once were needed but are
scarcely used any more. Selection and training procedures must always look to the future.

l3b SKILLS AND ABILITIES OF CARTOGRAPHERS

In principle, because many factors can be postulated as relevant in the selection and training of cartographers, the
skills and abilities of cartographers may be complex and numerous. The implication is not that few people could ever
acquire the requisite skills and abilities, but rather that the process of becoming a cartographer may be protracted because —

there is a lot to learn, and that a cartographer’s skills may continue to improve gradually for a long time after the end of
his training. Cartographic skills also seem diverse. A corollary of their great diversity is that no individual cartographer
is likely to possess them all in equal measure ; there fore each might be well advised to specialise in those aspects of
cartography demanding the particular skills and abilities which, as an individual, he possesses. The ordered and logical
thought processing needed in some computerised and mathematical aspects of the subject may be hard to reconcile with
the more intuitive thought processing needed in certain aspects of compilation and design.

The skills and abilities of cartographers are of a different order from the skills and abilities of map users. The
cartographer employs a high level of skill to achieve an effect of simple and immediate meaningfulness of the map for
all users. Most users of aviation maps do not expect to devote a great deal of time and effot to learn how to use them.
Subtle distinctions of meaning in symbols, or subtle indications of quality of information, may often remain unnoticed
or may arouse complaints among users if they have to be learned, since most users naively expect any feature with a
physical location on the earth’s surface to appear exactly and correctly on the map of that surface. Therefore the
cartographer cannot assume that the user has insight into his problems or sympathy for them.

In his pursuit of a clear , practical and pleasing map appearance, the cartographer must use his skill to minimise the
consequence noted by Wright iS , that the more he succeeds in his purpose the more he may convey spurious impressions
of accuracy on the map. He must also remember that after a map has been made it may no longer be possible to establish
its quality. In coping with generalisation, and in trying to retain the essential character of a region on a smaller scale map
(a rugged coastline for example), the cartographer may introduce conjectural amplification, where the need to achieve
general realism has superceded the need to portray only the accurate truth. For some purposes this is acceptable; for
most aviation uses it is not. Skill is needed to retain the correct general cartographic impression within the strict confines
of features which are all individually correct. In striving after visual harmony on the map, because an ugly map may lead
to a loss of confidence in it, the cartographer may be reluctant to acknowledge that for some aviation maps it may be an
advantage to generate some loss of confidence, and a means of achieving this should not necessarily be despised. Skill is
required to judge how the balance should be struck.

In addition to cartographic skill, Boggs452 , following the ideas of Wright’6 , suggested painstaking accuracy and
sc ientific integrity as further characteristics of the good cartographer. He was aware that the selective processes in
compilation and generalisation could inadvertently or wilfully distort the truth, because users tend to accept the map
uncritically. The importance of compilation was illustrated by Balasubramanyan2M , who showed, in considering the
map as a medium for conveying information, that the compiler’s ideas were dominant in influencing the content and
format of the map. He suggested that the compiler would benefit from a greater knowledge of the principles of design.
This theme was developed by others who considered that cartographic training overemphasised the technical details of
map construction to the neglect of an understanding of how to communicate information successfully using a graphic
language. As a result , an undesirable division of skills could develop between the cartographer dealing with content
and the designer dealing w ith presentation, but these functions have to be integrated, and both should be part of

— cartography. Ratajski~~ was also concerned with ways in which the effectiveness of transmitting information by
means of a map could be promoted by cartographic skills. CarmichaelM7 noted that excessive emphasis on map
construct ion, and stereotyped and rigid construction techniques, could lead to dull maps made by uninspired
cartographers, like the many computer-drawn graphics arising from the ‘new wave’ of auto-cartography. Working
to a rigid specification could take away much of the challenge and interest of map-making for the cartographer.

Some of the advice on how cartographic skill is best applied is contradictory . Whereas Dornbach~U favoured
concentration by the cart ographer on specific symbols, Heath’4’ believed that principles of visual design, derived from
symbols in isolation, may not remain valid amidst the complex interacting visual context of the map. Kolacny463 held 
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that the production and use of the map should not be studied separately. Although the cartographer’s traditional skill
lay in employing techniques for transforming detailed information about the real world into map form, his skill must
extend to identifying the map user ’s tasks and to designing the map to fulfil the needs of users as efficiently as possible.
This approach implies that cartographic products cannot be optimum unless the cartographer is skilled at understanding
the user ’s needs and at designing the map accordingly. Such a point of view extends far beyond the traditional expertise
of the cartographer. So does the need to understand the principles and practice of automation in cartography. Yet each
requires at least sonic cartographers to possess the relevant skills.

A further practical skill of the aviation cartographer is the reconciliation of conflicting user requirements. This may
be achieved in two stages , both of which rely on his professional knowledge. Firstly, when many users have a large
number of requirements, all of which cannot possibly be met by a single map, the cartographer must identify the
technical options available and establish feasible ways of reconciling the requirements. Secondly, having established and
agreed the constraints within which the specification for the map will be compiled, and having clarified the group of
functions which each map is intended to fulfil, he must then design eac h map series for the multi-function role which he
has helped to specify . Furthermore , he must demonstrate that his advice was correct by ensuring, in the details of his
design, that the functions can all be fulfilled and reconciled within the map. Such a role makes demands on the
cartographer’s knowledge , skill and judgement. and if his expertise is insufficient then the operational consequences can
be serious. Some of these processes were described by Bennet et al.~~

4 in relation to the Joint Operations Graphic.
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The operational dependence on the cartographer’s ability to select the most appropriate features for portrayal in
relation to a specific type of mission was illustrated by McGrath and Borden’s ’2’ analytical study of visual checkpoints
identified on film and on a map. This method was used to establish its validity as a design criterion for aviation maps ,
but it could also be used to assess the cartographer’s skill at predicting and meeting certain operational requirements.

A group of cartographic skills relates to the assessment and measurement of cartographic data. Technsques for
se lection and generalisation are included in this group, where increasing skill may be demonstrated by greater subtlety
and complexity in the factors having some influence on the choice, content and format of data presented. Other
tec hniques concern the variables affecting relationships and levels of association. These determine how similar or
different maps appear to be to each other , and whether the relationships selected for portrayal are intelligible to the user
and reflect corresponding geographical relationships. Not only is a knowledge of the techniques essential, but also a
knowledge of experimental design so that the efficiency of the techniques can be measured without recourse to unwieldy
and inconclusive methodology, such as used by McCarty and Salisbury517 and others .

More ambitiously, the cartographer’s skills could conceivably extend to predicting the kinds of error which the user
will make, or which tend to be inherent in some cartographic processes, and compensating for them in some way in the
map design. This may not be totally impractical. For example , suppose t hat an accurate measure of the length of a linear
feature on the map is required. It is known that such cartographic processes as scale changes, selection and generalisation
have relatively predictable effects on the accuracy of line measurement , given information on the nature of the line, on
the measurement tools, on the general accuracy of the map, and on the proposed measurement technique. The line
length will tend to be under-estimated in relation to the size of the line feature on the ground, and methods of
correct ing these systematic errors have been proposed (Maling745). Skill is being exercised at a very high level if the
cartographer can compensate in the map design for predictable sources of deficiencies and inaccuracies in his own
cartographic techniques. Phillips et aI.’~ illustrate an example of error in the judgement of relative distance caused
by the positioning of intermediate features; if such judgements were the primary task, deliberate distortions in positioning
of features could be justified if no serious penalties were incurred for other tasks.

Although cartographic skills are complex , particularly with the modern expansion of mapping techniques, there is
no reason why they should not be identified by standard methods, collated and assessed. Measurements can then be
formulated of cartographic skills and abilities. These measurements could be used to obtain proficiency scores for
individual cartographers, to revea l their strengths and weaknesses , to suggest the kind of cartographic work that would
suit their talents best , and to propose further training. The result should be more satisfied as well as more efficient
cartographers, for whom there would be objective evidence of their professional competence.

I 3c SELECTION AND TRAINING OF USERS OF AVIATION MAPS

Users of aviation maps are not selected primarily for their skill in map reading. For airc rew , and for other
concerned with the usage as distinct from the production of aviation maps, maps are one of many sources of information,
and map reading is one of many tasks. In most operational roles, only part of the time is spent in map reading. Correct
and successful map reading may be of crucial importance, in the sense that the success of the mission depends on it , but
the s,me could be claimed for many other tasks. Therefore, although map reading ability may be included in certain
selection procedures, a lack of facility in map reading is unlikely to be a sole and sufficient reason for discarding aircrew
candidates who are otherwise acceptable. As a result , sometimes aircrew are selected who cannot , in fact, read maps well.

One school of contemporary cartographic thinking has tended to lean towards universal map usage. This places
much emphasis on making maps legible, clear , unambiguous, and sell evident in their meaning to all users , If some users
make repeated mistakes in interpreting a map, or seem unable to learn how to use it, this has been construed as a failure
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in cartographic design, and not in the user. This approach rests to some extent on the belief , not uncommon in
cartography, that it is possible to train a person to become reasonably proficient in map reading simply by indicating
the geometrical principles upon which the map is based, e.g. map scale, vertical elevation interval, projection. To
produce a map which is in principle intelligible and unambiguous, given adequate knowledge , skill and training in the
user, seems an amb itious enough aim; but to produce a map which is immediately intelligible and unambiguous to all
users, even with a minimum of knowledge , skill and training, seems an aim which is overambitious to the point of
becoming unattainable. Yet such is the aim of much cartography, which seeks universal usage of its products. This
thinking, with its associated standards, has greatly influenced the design of aviation maps, more part icularly because of
the wide range of users of world-wide map series.

For many tasks in the air, it is accepted that a long period of training and familiarisation will be necessary before
the requisite skills and knowledge can be acquired, but less so with maps, although it should be possible to insist on a
higher level of relevant attainment and experience among map users. It does not seem reasonable to expect that learning
to use maps, which are generally the most complex source of information in the cockpit , should require a long period of
training and familiarisation, but this is not a principle which has always been followed. In striving to make the meaning
of the map self-evident, the cartographer may have sacrificed too much in terms of subtlety. Codings chosen to be
simple, self-evident and clear may not be the most appropriate for deep meanings, fine distinctions, or intricate inter-
act ions.

It therefore tends to be taken for granted that everyone can learn to read an aviation map, because that is a principle
underlying its design. If eve ryone can read it, there is no need for a selection procedure for users, and if anyone fails to
read it, this failure can be ascribed to the map and not to the user or his training. These presumptions warrant critical
re-examination.

A corollary is that little is known about how map users should be selected, because it has not been considered
desirable to select them. If selection of aircrew on the basis of map reading abilities is introduced, the standard methods
for developing a selection procedure could be followed, namely descriptions of the user’s map reading tasks, deduction
of measurable relevant attributes, validation of these against an independent criterion of success in map reading, and
progressive refinement and adjustment of the measures in accordance with continued validation. The presumption of
the universality of some map reading ability should be put to the test , and the possibility faced that some potential
aircrew may lack fundamental attributes important in map reading. Although map reading can improve with knowledge
and experience, and in some individuals improves greatly, evidence is lacking on whether this improvement is sufficient
for every individual to meet operational requirements in map reading, or whether every individual can acquire the ability
to read a map when he has been selected according to attributes which have no necessary relevance to it. -

The common observation in flyrng training that aircrew become more proficient at map reading with experience
suggests that some form of perceptual learning may be taking place. On the other hand, the improvement may be due to
learning of the more rout ine mechanical aspects of the task rather than a development of perceptual skills. Unfortunately
the process is such that aircrew find it difficult to verbalise what has been learned or to state what perceptual techniques
they employ. The same problem occurs in radar interpretation training (Lichte et al.”). Some studies have marginal
relevance to perceptual learning in the radar observer (e.g. Mayer245 ; Hake and Erickse n2”~) but they have even less
relevance to map reading which seems to be more concerned with spatial abilities than form and pattern discrimination.

The abilities relevant to map reading are generally ill-defined, and therefore the validity of training procedures in map
reading must be suspect. The criteria used to judge the progress of training and the attainment of map reading proficiency
rely more on ad ho empirical measures than on standardised formal testing. It becomes difficult to tell if the map
reading skill of an individual could be further improved by training, or what kind of training would offer the best
prospects for such an improvement.

Various studies have provided clues on how training in map reading might be improved. The relevance of map
reading for the navigator led to the inclusion of a test pf map reading skill in a selection battery based on a job description
of the navigator (Carter”23). Topographical orientation has been established as an independent factor, which cannot be
predicted in the individual from measures of other apparently related factors such as spatial orientation (Clarke and
Malone 210’301 ). Geographical orientation was considered by Lichte et al. ’6 as an ability which was learned, to the extent
that information could be continuously incorporated by a nearly automatic process to maintain orientation; they there-
fore recommended that research should be conducted to find out how training improves orientation. Training, for
instance, has helped map users to interpret contour lines, particularly with three dimensional rather than two dimensional
material (McGuigan’31). Map reading performance in the laboratory was positively correlated with practical map reading
in the field, perhaps because of a learning effect , and general intelligence was correlated with task performance involving
map reading (Tallarico et al.2”’), Accuracy of direction estimation (Gray et al.351) and of the estimation of angles (Wailer
and Wright350 ) can be improved by training, and direction estimation was an important criterion for navigation skill on
the ground (Findlay et al.249 ). Training for land navigation also included instruction in dead reckoning and in relating - -
map and terrain (Follettie”°). Numerous postulated factors relevant to map reading skill on the ground have been
evaluated by subjective questionnaire methods (Cogan et al.250).

Three kinds of research, in addition to studies more directly concerned with the reading of aviation maps, may
suggest training guidelines for developing map reading skills. The three are studies of the development of map reading
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skills in children and adolescents; studies of mental maps and cognitive aspects of map reading; and studies of search
strateg ies in the perception and interpretation of complex information displays.

A summary of research on children’s map reading skills by Rushdoony25’ indicated their progressive develoj ”nent •
and the effect ot’ systemat ic instruction on the learning process . Even for young children, instructions seemed to offer
t he best prospects of map reading success (Plumleigh263 ), and their ability to understand map symbols suggested that
the cartographic aim of making the meaning of symbols self evident had largely been achieved. Dale”7 concluded that
the ability to read maps was related to spatial intelligence, and that children found it relatively simple to learn the basic
language of maps. Only certain kinds of instruction and experience are effective in relation to map reading (Savage and
Bacon’51 ). Programmed instruction may not necessarily be better than traditional methods (Gildea440 ), but the use of
stereo pairs of aerial photographs showed some promise (Riffel”2 ). The above research with children has to be set in
the context that little is known about the development of concepts which aid map reading (Poh”32). Fischer2”’ also
noted the paucity of evidence about factors related to the ability to read and interpret maps.

Recently, man’s conceptual framework of his environment and his orientation within it has received much more
attent ion. The concept of the mental map, explored by Ryan and Ryane3 and explained by Griffin50, has been
re-exam ined; quantitative methods have been applied to the study of mental maps (Gould and White”2 ; Canter2”' ).
A series of papers (Downs and Stea 290 ) represents recent thinking. Hart and Moore298 traced the development of spatial
cognition in the child and adult. Kaplan”° extended the notion of the cognitive map beyond the confines of traditional
orientation problems to broader problems of cognition. Downs and Stea’~ treated cognitive mapping as an adaptive
process encompassing various perceptual frameworks. While such studies provide a broader theoretical framework for
considering geographical orientation and map reading, and as such may go some way towards countering McGrath’s31”
conc lusion that “virtually nothing is known about the variables that influence the geographic orientation performance
of man”, they nevertheless do not lead directly to practical guidelines on training for map reading. Research on mental
maps is discussed in more detail in Chapter 3c.

Researc h studies on the interpretation of complex visual displays in aviation contexts have had a variety of origins.
Some have examined several dimensions of information displays comparatively , to identify factors relevant to perfor-
mance (Siegel and Fischl2°’). Some have considered a single coding dimension in relation to the range of its operational
ut ility (e.g. colour vision, AGARD” 5). Some have been concerned with developing valid measures such as eye movement
recording (Kalk and Enoch”57), with the feasibility of imposing more efficient search patterns (Enoch and Townsend”” ),
or with restricting search time (Richman et al.509). Attempts have been made to define the conceptual problems which
appear to limit the ability to interpret maps or aerial photographs, and in particular to assess the correctness of the images
of relief which maps or aerial photographs engender (Gamezo and Rubakhin”28). Image degradation has been employed,
both to define the psychophysical attributes of the image which determine subjective assessments of its visual quality
(Sadacca and Schwartz215), and to demonstrate the effects of a degraded image, as encountered in aerial haze , on search
patterns, search success and searc h time (Townsend et al.”’°). The interpretation of complex visual displays is covered
more fully in Chapter 3b.

Olson’°’ concluded that even a smail amount of training could aid map reading by clarifying the nature of the
required tasks. For certain tasks associated with maps, training may reduce variability of responses rather than give a
general improvement in performance in absolute terms (Fischer260 ; Larve et al.”” ). The aim of training aircrew to acquire
a single map reading skill applicable to navigation in all weathers (Barnard’53) may be unattainable if map reading
employs a multiplicity of skills . Granting Barnard’s content ion that “the art of map reading consists of being able to
visualise without effort the physical and cultural features represented on a map by symbols”, it does not necessarily
follow that this could be achieved, or that all map reading skills could be subsumed under that description.

Borden503 ta bulated map-reading training time for various US training commands , distinguishing between classroom.
in flight and informal training, and between total training time, VFR navigation training and map reading training. His
findings included the following points. Very little time was devoted to map reading training, and much of it was
concerned with cartographic principles rather than active use of the map for visual referencing. Much map reading
tra ining, conducted before, during and after training sorties, ~ as considered to be uneconomic. No research was being
conducted to improve training in reading aviation maps. There was almost complete reliance on on-the-job training.
Training had been viewed too narrowly, and the problem should be treated as one of earth referencing rather than map
reading. The continued emphasis on the aircrew ’s ability to read t he map could be misconstrued in an era of burgeoning
navigation displays intended to reduce map reading, but the need to relate the map and the outside world persisted
with new display tec hnology, and selected waypoints still had to be identified in flight. Borden’s503 conference report
clearly demonstrated how seriously the training of aircrew to use maps had been neglected.

Barnard et al.’2’ reviewed the training of map reading in helicopter pilots in the British Army Air Corps and found
that whereas basic navigation and map reading is taught during basic training (e.g. the meaning of map symbols , relief
apprec iation, th e  difference between map reading on the ground and in the air), after this period aircrew learn from
“on-the-job” experience and tend to develop their own personal styles and procedures. Navigation exercises are a regular
feature of continuity training on squadrons but their value might be improved if they could be more closely related to
operational conditions in unfamiliar areas. Map reading training requirements for nap-of-the- Earth helicopter flight are
discussed by Saathofr”' . :
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I 3d SKILLS AND ABILITIES OF USERS OF AVIATION MAPS

The design of efficient instructional programmes can only be achieved once the perceptual skills, concepts and
abilities involved in efficient map use have been identified. The value of a training programme depends on whether it
concerns a skill that can be modified by training or a basic perceptual attribute of spatial ability.

Although there had previously been compilations of map reading skills evaluated subjectively (Cogan ci al.250), a
specific objective of the conference on training pilots in the use of aeronautical charts (Borden503) was the identification
of the map reading skills and knowledge required by pilots. The conference participants compiled a list of skills, and
subsequently rated them according to their importance for training. Four different phases of a mission were distinguished
- -  prcparat ion, planning, en route nav igation and target-area navigation - -  and the skills are given below for each phase, in
their rated order , w ith the most important first.

( I) Preparation Phase
Knowledge of the relationships between chart scale and size, shape generalisation, and density of portrayed
features.
Knowledge of the vertical and horizontal accuracy of portrayed features.
Knowledge of the limitations of the intelligence base from which the chart was compiled.
Knowledge of the criteria used by cartographers in selecting features for portrayal.
Knowledge of the criteria used by cartographers in representing features that are subject to seasonal change.
Knowledge of the range of features that are represented by a given symbol (e.g. the different kinds of mines
represented by crossed picks).
Knowledge of how chart production practices affect the accuracy of portrayed features.

(2) Planning Phase
Ability to predict what a feature will look like in the real world from planned direction of approach and
look-down angle.
Ability to determine terrain shape through interpretation of contour lines, shaded relief, and spot elevation.
Ability to predict the visibility of terrain features from planned position along course.
Ability to recognise barriers, funnels, general orientating features, and less-than-optimum orienting features
that can aid in maintaining orientation while on-course and aid in re-orientation if off-course.
Ability to recognise patterns of features associated with a primary checkpoint that will aid in its identification.
Ability to select features that will break mask at sufficient distance from the aircraft to allow time for positive
identification,
Ability to predict the detectability of terrain features.
Ability to determine the interval at which checkpoints should be selected to minimise navigation error while
allowing sufficient interval to attend to other en route tasks not related to navigation.
Ability to infer unport rayed features, such as vegetat ion cover, presence of a bridge, railway junction, etc.
Ability to selectively attend to one class of information in a field of heterogeneous information (e.g. to
consider the road network only).

(3) En route Navigation Phase
Ability to anticipate checkpoints in time.
Ability to detect checkpoints.
Ability to differentiate checkpoints from other similar features in the same geographic area that may or may
not be portrayed on the chart .
Ability to recognise disorientation.
Ability to obtain information from the chart with a minimum amount of head-down time.
Ability to visualise relative movement over the chart .
Ability to evaluate unplanned features under conditions of disorientation in terms of their probability of being
portrayed on the chart , probability of being located on the chart , and probability of differentiating them from
other similar features on the chart .
Ability to maintain a general awareness of position by estimating distance and bearing from gross orienting
features.
Ability to attend selectively to those features in the visual scene that are portrayed on the chart.
Ability to ignore information on the chart that is not relevant to the task at hand.
Ability to read alphanumerics accurately and quickly regardless of chart orientation.

(4) Target Acquisition Phase
Ability to detect and identify checkpoints with reduced forwaiJ visibility resulting from decreased altitude.
Ability to determine and report location of targets by relating their position to portrayed features.
Ability to recall the spatial relationship of terrain features studied during pre-flight planning.
Ability to make visual estimates of distance and bearing from relevant orienting features.
Ability to determine position from less significant checkpoints than used on the en route portion.
Ability to recognise the predicted point of unmask (point of target availability).
Ability to change conception of relative movement over the chart with changes in chart scale and aircraft speed.
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The above list of’ postulated skills indicates the complexity of the map reading task , and the numerous abilities
involved in successful map reading. Although it primarily concerned military aviation requirements , it should not be
forgotten that aviation maps are used most by general aviation pilots (Lancaster5”'). It is possible to study some of
these skills by simplified methods to define the variables affecting performance: McGrath and Borden31’ required pilots
to plot on the map the ground track of a film simulating low level flight , a task which the pilots found to be extremely
difficult. Varying the map scale apparently led to variations in orientation strategies (McGrath et al.318 ). An alternative
met hod was to ask pilots to recall and record their route after the mission had been completed, and although the purpose
was to measure their perforniance, the task also yielded evidence on the level of skill which could be achieved (Borden323 :
Borden and McGrath324 ). Once checkpoints had been identified, it proved possible both to formulate accurate verbal
descriptions of their location arad to plot the location on the map from the verbal description (McGrath et al.322 ), a
finding confirmed by Taylor and Hopki&s’ . Pilots also possessed skills to select terrain features suitable for portrayal
on the map for subsequent use as checkpoints , and to select features on the map which were likely to be visible from
low altitude on the terrain (McGrath and Borden ’2’ ; McGrath and Osterhoff325 ). These series of studies helped to reveal
the potential map reading skill which may be developed.

An attempt to identify the skills involved in low altitude observation resulted in the specification of four skill areas
- - visual search , target recognition, geographical orientation and target location (Thomas’55). The ability to locate target
areas from low level could be improved by training in the principles of perspective geometry (Larve et al.”5t). The
inherent limitations of maps as representations of the surface of the earth when seen from low altitude have been
described by McGrath33’ in a document intended to instruct aircrew in the principles of map reading at low altitudes.
Critical errors, which may be construed as lapses of skill , were associated with continuous low speed low level navigation
(Lewis60 ; Lewis and de Ia Rivere 360 ). As expected , error magnitude is a function of scale, but not solely a function of
scale (Edmonds and Wright3°”). Since geographic orientation is a learned ability, it should be amenable to improvement
by tra ining given the correct techniques, and it can reach a level of skill where the process of orientation is scarcely
consc ious (Lichte et al.56). Orientation may well be a unique skill, independent of other factors (Clarke and Malone 3Oi ),
though linked by common learning and knowledge to various measurable attributes (Dornbach292). McGrath3i6
remar ked that there was no known method of reorienting quickly a profoundly disoriented person.

Part of the skill of an experienced pilot consists of using maps before the mission to construct a mental map of the
terrain, the route, checkpoints, and other pertinent information. The user’s map reading ability, and mission success ,
may be enhanced if the map design has sought successfully to construct a satisfactory mental map in the user
(Dombach292 ). It may also be possible to treat the map as a means of identifying errors in the mental map (Downs and
Stea 5”).

Map reading undoubtedly involves a multiplicity of perceptual skills and abilities. In particular, spatial abilities
must be highly relevant when the map reading task involves translating the two-dimensional map into a three-dimensional
model of the real world. In a factor analysis of many perceptual tasks , Thurstone’60 identified seven primary factors
including three on visual orientation in space. Subsequent work has tended to confirm that there are essentially three
different perceptual attributes of spatial ability (French’5’ ; Smith’5” Downs and Stea290). The exact nature of these
spatial abilities is disputed but they seem to be distinguished as follows:

(a) Spatial Pattern . The ability to perceive spatial patterns accurately and to compare them with each other.
(b) Spatial Orientation. The ability to recognise a spatial pattern, in whatever orientation it is presented.
(c) Spatial Visualisation. The ability to comprehend and manipulate movement in imaginary three-dimensional

space.

Most of the available evidence (e.g. Fleishman and Hempel” ) see ms to indicate that performance on spatial tests
is not significantly affected by training, and that the concepts of spatial ability involved in map reading are reasonably
we ll developed at an early age (Blaut and Stea ”'°). Satterly”'’ found that two principal concepts were being used in
map reading by 14-IS year old children: a general factor of perceptual reasoning and one of spatial ability. Whereas
a stu dy of adults by High2”” , reported by Lichte et al.56 , found a positive relationship between performance on a
geographic orientation task and a test of spatial visualisation, Clark and Malone 30’ found no relation between a similar
pointing task and standard tests of spatial visuahisation and spatia l orientation taken from the Guildford-Zimmerman
Aptitude Survey. Neither of these studies involved nsap reading.

Hill and Burns ’62 reported part of a recent stu dy to identify modifiable skills and more stable basic perceptual
attributes in adult map reading. Training improved per formance on two map reading tasks , object identification and
feature symbol interp retation , hut the ability to interpret the shape of the terrain (slope direction) from contour lines
was una ffected by training. Factor analysis of pre-training and post-training data showed a marked change in the
factor structure as a consequence of tra ining, and it indicated that the skills developed in object interpretation were
not common w ith perceptual attributes used in the estimation of terrain shape. The authors concluded that seve ral
skills and perceptual abilities are involved in map reading, although not all would appear to be equally amenable to
improvement by training. Map reading performance was also related by factor analysis to psychological variables
measured from a test battery of perceptual, personality and intelligence tests. The n3ain finding was that the post-
training map reading data were relatively independent of most of the intelligence and personality characteristics. Two
definite dimensions of map reading ability, and a possible third, were identified in the post-training factor structure ,
namely:

~~~~~~~~ ~~~1~~~~
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(I) Feature identification and recognition.
(2) Spatial visualisation.
(3) Spatial manipulation and perceptual speed.

Training affects these diffe rent abilities in different ways and the authors concluded that a successful measure of
cartographic competence must provide an indication of the individual’s aptitude for the acquisition of skill in feature
recognition, as well as assessing performance in the basic perceptual ability of spatial visualisation.

it is not possible to state how far the reading of aviation maps could be improved by the development of users’
skills and abilities, but it seems almost certain that an application of what is known already could bring substantial
benefits, and that from more research on this topic further benefits would accrue. As yet , the necessary skills and
abilities have not been fully defined, and those suggested have been insufficiently validated. Once it is known what the
user needs, satisfactory methods of training to ensure the acquisition of the appropriate skills and abilities will also be
necessary. In relation to the known complexity of map reading skills, existing formal training seems seriously deficient,
and there is excessive dependence on training by experience, and even by trial and error. However, a greater understand-
ing of map reading skills must precede the defmition of training objectives. Although certain attributes, such as the
maintenance of geographical orientation, and map reading skill itself, may be relatively independent, and hence not
correlated highly with other factors, nevertheless efforts should be pursued to set map reading skill in a broader context
of spat ial reasoning, verbal abilities, strength of imagery, general intelligence, or other measurable dimensions. A full
understanding of map reading entails a knowledge of its relationships to the attributes of the individual as a whole.

* - 
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CHAPTER 14

THE ASSESSMENT OF AVIATION MAPS

l4a MEASURES OF TASK PERFORMANCE

In designing a map it is necessary to know how the map will be used. In assessing a map it is equally nc.:cssary to
know what the m a p  is for. It cannot be judged in isolation. An aviation map is seldom used solely for one purpose.
Therefore it cannot be fully assessed by a single task or a single measure (Murrell and IJopkin~S3 ), Just as task descrip-
t ions can serve as a basis for deciding what information must appear on the map~ so they can also be used to select a
range of tasks which collectively represent the envisaged functions of the map, and may there fore provide a general
assessment of it. Not all the tasks from this range may be needed for assessing the efficacy of the map for more limited
or spec ific functions.

Whatever the methods chosen to assess the map, the problem arises of establishing the credence which should be
given to the findings. Their authenticity is mainly a function of two factors, reliability and validity. Reliability is usually
proved either by demonstrating that the data are internally uniform, coherent and consistent , or by repeat ing the assess-
ment to show that the same findings would be obtained again. Certain simple checks can be done to gauge reliability.
Unreliability ii, experiments on aviation maps often occurs because data have been gathered from too few subjects,
reducing the confidence with which findings can be generalised. Less commonly, insufficient data have been gathered
from each subject. Confounded experimental designs, which permit the data to be interpreted in more than one way,
also curtail reliability.

Validity concerns the extent to which the measure is actually what it purports to be, and the extent to which it is
appropriate and relevant. Normally, an assessment met hod must possess both true validity and face validity. True
validity occurs when a measure really is what it is claimed to be, and possesses the degree of relevance which it is claimed
to have. Face validity refers to plausibility, that is the extent to which the measure seems sensible and suitable for its
intended purpose , from the point of view of those performing the tasks. Validity is reduced, often to an unknown
extent , if the conditions under which performance is measured differ from the envisaged operational conditions; for
instance: a flight simulator rather than an aircraft ; a quiet environment rather than a noisy one; a stable environment
rat her than a vibrating one; an optimised display rather than a degraded one; fixed rather than variable ambient lighting.
Validity is reduced when the e ffects of different conditions on performance are a matter of speculation rather than fact.
Much effort is often expended on proving that experimental conditions are a close enough approximation to operational
ones so as not to impair validity significantly.

There is no standard method for assessing a map nor is there likely to be in the future. Numerous performance
measures can be emp loyed, as many and as varied as are the ttisks that are carried out on maps, but the findings may be
an .irtefact of the measures chosen. Perfonnance measures , even when reliable and valid, may yield disappointing results:
•‘nl~’.insOfls hetssee n m aps may fail to reveal significant differences; expected improvements associated with changes in

- titent and design may not appear; the map user may be unable to understand all the information which the map
nt..,’ ,orn,’ Iltillian factor ’, problems associated with maps may have no satisfactory solutions, such as finding an

i.Ir.~ti4li’ rt-~ I..- ~,,ient for co lour coding under monochromatic lighting conditions. Such findings must not be dismissed
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Performance measures have to be suitable for the task , both in their relevance and in their level of complexity.
Some of the simplest measures establish limits of human capabilities relevant to maps. Evidence on differences which
can be successfully discriminated depends to some extent on ~he measures selected and on the experimental material
chosen. When several performance measures are used, it is important to show whether they are independent or related.

One common measure of performance is accuracy, where a given response is compared with the correct one on a
quantifiable dimension providing data on an equal interval or ratio scale suitable for parametric statistical analysis, if the
distribution is normal and has homogeneity of variance. Cartography has been concerned with accuracy more in map
production than in map use (Rhind et al.5i9). Accuracy is used in visual tasks of location, of identification, of discrim-
ination, and of interpolation. It can apply to a variety of psychomotor tasks, such as plotting routes or checkpoints,
positioning cursors, annotating the map, aligning or superimposing collateral material, correcting errors, and measuring
distances and angles. It can also apply to decision making and information processing tasks involving higher mental
functioning, such as counting, classifying information into categories and subcategories, interpreting the nature of

• portrayed relief, route selection and planning, tactical interpretation, reading grid references, and converting map
information from one form to another, as in giving a verbal description of map features. It can apply to tasks involving
memory , such as for the meaning of cartographic symbols, the degree to which briefing instructions can be recalled, and
the correspondence between an actual mission and recollection of it afterwards (Borden and McGrath3~’). It can apply
to continuous tasks, such as navigation during a mission, the closeness with which the actual mission followed its planned
route, and the monitoring and updating of navigational information. In the performance of many aviation tasks with
maps, accuracy is the most obvious and widely used measure. However, two conditions should be fulfilled to ensure its
effectiveness : firstly , it is essential to know what level of accuracy is required to meet operational requirements, and
secondly, there must be independent objective quantitative criteria with which the obtained performance can validly
be compared, and which serve as indices of accuracy. The value of accuracy as a measure is critically dependent on the
nature of these criteria. Adequate criteria may not always exis t (Goff et al.’65).

Accuracy is not the same as precision, which is much less useful as a performance measure, and can often present
practical scoring difficulties. Precision is a property of the obtained response and needs no independent criterion. The

• difference between the concepts can be clarified by an example. Suppose two checkpoints are described as 10km. apart.
• This is not precise, and it may or may not be accurate . If they happen to be exactly 10 km. apart, the original descrip-

tion is accurate , and to describe them as 10.00 km. apart is being precise as well. Measuring them as 9.67 km. apart is
still being precise, but no longer accurate if the distance between them is actually exactly 10 km. Knowledge of
operational requirements will suggest the appropriate degree of precision, for instance in grid referencing (Taylor and
Hopkth’51) but this must be a function of map scale (Edmonds and Wright3”), taking into account the known sources
of error in map production (Gammon”3). Map symbols, particularly on large scale maps, may be located with a spurious
precision if measured with an exactness which grossly exceeds that achieved during map production.

Errors are a performance measure in common use for map assessment. Errors may be made on almost any task.
Failure to detect a given symbol on a map following visual search may be treated as a detection error. This, and other
performance data , may be suitable for analysis by Signal Detection Theory procedure (Swets”8) when the display is
presented under degraded viewing conditions which may induce high false positive and false negative detection rates.
Failure to identify a given symbol correctly may be treated as an identification error. This occurs most frequently with
degraded displays and during training with inexperienced subjects. identification error rates do not take into account
the kinds of errors or confusions that have been made. For operational reasons, certain confusions may be more
critical than others. Consistently confused symbols are a more serious problem than random confusion. TaylorH~ iOO

has demonstrated how Information Theory can be applied to map evaluation to provide an index of the confusability
of map symbol sets which would not be taken into account by simply counting error frequencies.

Sometimes inaccuracy is treated as an error, and the difference between the two becomes arbitrary. Again, an
example may clarify the distinction. Suppose the task is to mark a position on a map, given by its grid reference. If
the marking is near but not exactly corresponding to the true position, then this may be scored as correct , within
acceptable tolerances, but nevertheless inaccurate. As the gap between the true and marked position widens, at some
point the discrepancy becomes unacceptable and the marking no longer is scored as correct but as an error. The size
of the acceptable discrepancy is not absolute. Giving a six figure grid reference calls for greater precision and implies
a lower tolerance of error than a four figure grid reference would. Measures of error share with measures of accuracy
the requirement for independent criteria. Errors may be of omission or commission, both of which ca.’ have great
operational significance. In general, measures of error are applicable to the same tasks as measures of ac-~uracy, and
to further tasks also where the man has failed to perform a required function.

For statistical reasons errors may need to be treated as nominal or ordinal data , suitable only fot non-parametric
analysis (Siegel”). The frequency of error trials, expressed as a percentage of the total, is a common ly used index
of performance. CEP, that is Circular Error Probable, is a summary index of radial error commonly used in the assess-
ment of navigation and weapon aiming system performance. The 50% CEP is that radius fri,m the target, aiming point ,
or checkpoint that encompasses 50% of the positions actually obtained in attempting to hit the target. A 50% CE?- 

. of 200 metre s in-ticates greater accuracy than say a 50% CEP of 300 metres. For a given data set , the 85% CEP wilt
he greater than the 50% CEP, but takes into account gross errors. Unlike the distributions of individual radial errors, -

wh i h fend to he highly skewed and clustered about zero, CEPs are more likely to be normally distributed and hence
subjeti In parametri .. analysis Radial e rror does not measure angular displacement or veering tendencies .

_______  - — - - —
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Speed (time for task completion) is a further common parametric measure of performance, of vital operational
significance in the many aviation contexts where map viewing time is limited. Search time is a common measure of map
legibility (Bartz”‘) but with complex tasks the relationship between speed and other measures of performance, such as
accuracy and the information assimilated , understood, or remembered , may not be straightforward. If task performance
is faster , with no measurable decrements on other performance measures , this may indicate learning and the acquisition - I

of map reading skills. On the other hand, speed and accuracy may not be correlated or an increase in speed may be
achieved only by a reduction in accuracy. Generally, it is advisable to measure both variables to check their relationship.

Measures of speed of performance can be applied only where the task as a whole , or identifiable parts of it, can be
defined by specific actions, instructions or events, since the onset and completion of each task or part must be discrimin-
able enough for the times of their occurrence to be clear and unambiguous. The distribution of times is aften skewed
when the experimental task r~qi.ires “instantaneous” responses, such as pressing a button as fast as possible after the
onset of a stimulus, known as reaction time tasks. The distribution of reaction times should be altered to correspond to
a normal distribution by a suitable arithmetic transformation, such as a logarithmic transformation, in order to comply
with the assumptions necessary for parametric statistical analysis (Winer~6~).

For operational purposes, measures of consistency of performance may be vital. Consistency is not a factor
measurable on its own, but it concerns the distribution of data (e.g. standard deviation, variance, range) from other
measures such as speed, errors or accuracy. Parametric statistical analyses compare both the means and standard
deviations of data samples in deciding the probability that they come from the same or different populations.

The above measures of performance imply the study of activity in performing the task , and objective data are
normally gathered by recording actions during task performance. Certain other measures are directly concerned with
the activity associated with performance rather than with the performance achieved. Traditional time and motion study
emphasised this aspect , as do analyses of tl~t- nature of skill. However , the clearest example of activity per se as a
performance measure is probably eye movemeni recording. This technique, properly employed, can show which sources
of information are used in performing a task , and how time is allocated among them. The effects of changes in the tasks,
in the information sources, or in user’s skill, can be related to changes in fixation dwell times, sequences, patterns and
inter-fixation intervals, and distances between successive fixations (Richmon et al.”9). Interpretation of scan patterns is
complicated by the fact that information may be obtained from the peripheral visual field as well as the point of fixation.
Defining the information being used can give insight into processes of problem solving and decision making, which other-
wise are difficult to study by performance measures. Whereas solutions to problems or decisions reached can often be
inferred from measures of performance, the preceding stages of selecting, processing and interpreting information can
be difficult to examine empirically. Although performance measures can be used to test whether map symbols can be
discriminated, there are difficulties in discovering how well the user understands them, since the visual symbol may have
to be expressed verbally to obtain responses, and the process of investigation may itself modify the user’s understanding.

The measurement of performance is itself subject to error and inaccuracy, and findings have to be interpreted
accordingly. Errors may be caused by well-known inadequacies and biases in interpreting data, for instance, convergence
toward s a standard measure ; rounding-off of numerical estimates; undue influence of recency on decision making:
conservatism in estimating trends and proportions from data. Alternatively, errors may be attributable to inadvertent
omissions and carelessness. The magnitude of errors within the data, and of their consequent effects, can normally
be assessed. Experimentally induced errors can often be eliminated or balanced out by using the appropriate experi-
mental design. In practice , it is futile to attempt to measure sources of error and inaccuracy in the map, if they are of
the same order of magnitude as the known sources of error within the method of measurement.

Data from performance measures are normally intended to be analysed statistically. It is necessary to verify that
the quantity and distribution of data , and the experimental design, allow the legitimate use of the proposed statistical
methods. The statistical significance of differences must be interpreted with caution and in a broader context. A
difference in performance which has an extremely low probability of being obtained by chance may be small in absolute
terms and operationally trivial. One alternative map design, for instance, may be significantly better than others
statistically, but it may still be operationally unacceptable for other reasons. A single operationally dangerous error or
omission may be sufficiently serious to rule out an otherwise satisfactory option.

l4b SUBJECTIVE ASSESSMENTS

Map interpretation is a highly subjective process, Many objective measures of task performance record subjective
events indirectly. Sometimes there is a close correspondence between objective performance and subjective events,
as in tasks where the map reader must mark all example s of a designated cartographic feature. The efficiency of eye
scan patterns, in theory, should be a good guide to the effective arrangement and perceptual organisation of the display.
Most of the time, the performance measure is a highly simplified record of the outcome of the corresponding subjective
decision making processes, as when the map reader is required to mark on the map the route he selects for a particular
mission. Sometimes the nature of the task is so subjective that performance measures cannot adequately express it, as
in the formation of attitudes about the efficiency of the map for its intended purposes. The tactical interpretability
of maps could be assessed by series of well designed tasks , but it is often far simpler and not necessarily less reliable or
valid to ask subjects to rate the displays in terms of their efficacy (e.g. Siegal and Fisehl”‘ Taylor 22 ). Subjective
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assessments may therefore range from those which duplicate performance measures, through those which explain,
- . 

amplify, clarify or complement performance measures, to those which provide relevant information about the map
which could not be obtained by performance measures, or in any other way. The role of subjective assessments in
relation to other kinds of measurement therefore varies.

The problems of reliability and validity, noted with performance measures, apply with equal force to subjective
assessments. It may be difficult to establish what credence should be given to subjective data, but it is important to
attempt to do so. Respondents normally report their subjective impressions honestly, and wilful attempts to mislead

— 
are rare : but subjective assessments can be influenced by numerous factors of which respondents remain unaware. Some
of the main sources of influence are the following:

(I) Subjective assessments may conflict with objective evidence: a map which is familiar or looks attractive
(e.g. colour coded) may be viewed as more effIcient than it really is. Subjective assessments of confidence
in task performance often differ from the objective evidence when the task is carried out under stress.
Deterioration in performance can fail to be detected by the subject.

(2) Subjective assessments are influenced by expectancies: a map user may interpret what he sees on the map
as what he expects to see rather than what is really there. Maps of desert regions may show features which
are almost invisible, because the cartographer abhors blank spaces, but a route may then be planned to follow
expected visible checkpoints which are in fact not visible. A map may be subjectively assessed as good for a
given operational requirement when new codings are radically, but unknowingly, misinterpreted in accordance
with old meanings.

(3) Subjective assessments are influenced by attitudes: early impressions of the usefulness of a map, whether
favourable or not, tend to become entrenched, to be resistant to contrary subsequent evidence, and to
introduce bias in further judgements of the map.

(4) Subjective assessments of a map, and of the tasks it can be used for, are influenced by experience with other
maps; if one map has been of no help in a particular task, it may be assumed that no other map could be
useful.

(5) Subjective assessments imply that the questioner or the respondent selects themes and controls the topics
and their emphasis: there may therefore be bias both in the topics on which data are gathered, and in the
weighting and interpretation of the information obtained.

(6) Subjective assessments often require the man to act in some ways as a monitor of his own performance,
without adducing evidence of how well he can fulfil this role.

(7) Subjective assessments may be based on evidence which is incomplete, irrelevant or misunderstood, but
it may not be possible to establish the quantity and quality of the data on which the assessment has been
made, or to discover what relevant evidence has been ignored.

(8) Subjective assessments may represent the views of one person, a group consensus, or a partial convergence
towards a norm: it may be difficult to ascertain how far the subjective data have been influenced by ‘

others, by the questioner or by the stated purpose of the assessments.

(9) Subjective assessments may vascillate over a short period, and be greatly changed by minor factors,
particularly during a brief assessment of something new, whether a map or a display: the assessment made
may therefore depend unduly on the timing and the particular circumstances prevailing.

(10) Subjective assessments may generate spurious findings; in particular, opinions, if solicited, may be elicited,
even when none are held.

Despite these caveats, subjective assessments can be most useful and should normally be obtained. They should
preferably be related to performance measures, for each can be used to assist the interpretation of the other. If
according to performance measures one map is better than another, it is important to know whether the map users
realise this. Users act not on objective evidence, which they may not know, but on their subjective assessments, which
represent what they believe. If subjective and performance measures yield contradictory findings, such as in McGrath
and Borden’s’2’ study of the efficacy of an experimental map for low altitude, high speed flight , the operational
consequences must be established and the reasons for the contradiction explained. Some users may be reluct’snt to
accept that a new map could be more efficient than the cne with which they have long been familiar, and equally
reluctant to concede that a visual coding which they like could be inefficient or misleading. This problem could be
avoided, if it is anticipated and if aircrew are instructed about the reasons for the change. - 

-

If a map is judged solely by the results obtained with it, and no insight into the reasons for the results is sought,
subjective assessments may be deemed to be irrelevant. This point of view, more common in the past than now, can
be held about the operational use of maps, and about methods for their evaluation. Subjective assessments, as well
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as providing valuable data , carry the bonus of demonstrating to the user that his views are welcomed. The user can
contribute, from his experience , evidence of a kind which no-one else possesses, and it should be gathered and applied.
Claims that there are as many diffe rent answers to a question as there are people questioned should raise queries on the
professional competence of the questioner , since correctly structured and phrased questions should not lend themselves
to a multitude of answers .

Many kinds of subjective assessment of aviation maps can be made:--

(I) The assessment may be of the map as a whole, or of any functions or features of it. Methods include question-
naire surveys , interviews and briefings, at various levels of structuring and formality. They may refer to the
whole map as an information display, especially if its aesthetic attributes or atttitudes towards it are being
explored, but more commonly they postulate a particular operational role and obtain opinions in relation to
it, from those with relevant experience who can give authoritative replies. The results can be reported in the
form of either requirements or preferences.

(2) Subjective assessments may describe how the map is used, and the process of map reading. Reports can be
obtained on the procedures adopted, the sequencing and duration of actions, the equipment utilised and its
method of use, on the route flown, on the cartographic information needed for a particular task , and on the
interpretation placed upon information actually used. What is not used or not understood may be of greatest
significance. What is gleaned and remembered after undirected study of the map may reflect the map reader’s
interests or the visual balance of the map contents. Reports of personal experiences, problems and difficulties,
speculative explanations and hypothesising can give substance and meaning to bald objective descriptions of
task performance.

( 3 )  Subjective assessments may be concerned with perceptual aspects of map reading which have no objective
equivalent or counterpart . Subjective assessments have to be used to study the psychophysical scaling of
symbols in equal appearing intervals, induced colour contrasts , apparent density of map information, and
inferred relationships among portrayed features. They are essential in describing mental maps and the
processes of disorientation and reorientation. Objective and subjective meanings of what constitutes new
data may also differ; information which has always been present is new when the map reader first notices
it or understands it.

Subjective opinions and objective measures of task performance have been viewed as complementary processes
in the evaluation of aviation maps for high and low level flight (Murray et al.’28 ; Schreiber25 ; Howey336). Whether
maps meet users’ stated needs has become a matter of general concern to cartographers (McGrath and Kirby’68 ;
Kirby’69 ), not only in aviation. Drivers’ views on road maps have been obtained (Sheppard and Adams”°):
Astley ’s65’ concluuon, that ‘many current road maps show more of the things road users say they do not want
than those they do’, has a familiar ring. In U.S. Army mapping, direct contact between map producers and users
was fostered, w ith the fornier observing manoeuvres using maps, and surveys were also conducted (Sorrentino7”” ).
Survey methods identified the widespread practice of using hand-held white4ight torches to read maps in the cockpit
because the cockpit lighting was inadequate (Milligan”” ; Taylor3”8 ), a pract ice which largely negated cartographic
efforts to conform to red light legibility requirements in map design. Opinion surveys by questionnaire have collated
user criticisms of specific aviation map series, and enabled improvements to be formulated (Lakin’33 ; Anon.501;
Lakin~”°).

MurrelP3’ demonstrated that experienced aircrew were able to select items for inclusion on a map for a given
operational role which closely corresponded with those visible from the air at the appropriate altitude. Instead of
asking users to select cartographic categories for inclusion on the map, he presented them with a large number of map
segments , on which every feature had to be assessed in terms of its operational importance. General categories were
derived from the large number of specific responses , an experimental method which he claimed (probably correctly)
was both more orthodox and more valid than asking general questions. The two methods did not give the same
answers. Unfortunately, most reported findings concern general questions about legend categories (Hopkin’71). A
further change of emp hasis has been to invite user opinion on aviation maps (WrightMl). Subjective scaling assessments
of the utility for navigation in LAHS flight of eighteen 1:250 ,000 scale maps were reported by Taylor222 . Subjects
rated each map on a numerical scale of 0 (useless) to 100 (extremely useful). The results were analysed by principal
co-ordinates analysis. Two axes accounted for a large proportion of the variance. These were identified as corresponding
broadly to an information density/clutter dimension and to the adequacy of relief representation. User preferences
favoui-ed maps with low information density and relief representation by layer tinting. Subjective scaling techniques
can be used to identify the main psychological dimensions of m aps and to quantify subjects ’ preferences for different
products but it does not necessarily follow that maps which load highly on preferred dimensions are necessarily best
in terms of performance criteria. —

From detailed subjective reports of what topographical information is useful, criteria may be derived for selecting
features for portrayal (McGrath and Borden ’2t ). Subjective evidence can also be obtained after a mission on how the
map had been used during the course of it (Borden323 ; Borden and McGrath324 ). The choice of words to describe map
contents is largely a subjective process which needs subjective evidence for full elucidation (Murrell and Hopkin”'3).
Performance measures may be less sensitive than subjective ones in establishing whether the user had enough time to
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perform his tasks. Similarly, in comparing maps with collateral material, ,erformance measures can indicate success or
• failure, but subjective evidence of the processes involved may be more helpful in suggesting how success could be

enhanced.

In choosing map symbology for scaling quantitative data, it is necessary to understand the psychophysical relation-
ship between the physical dimensions of the symbols and their perceived scaling (Stevens’16). This understanding can
be applied when choosing sets of patterns, shadings or symbols within any dimension (Jenks”'’; Jenks and Knos”'). The
principle can be extended to judgements of more abstract concepts such as information utility (McKendry et al.”2”3).
It has also been applied to test whether a series of psychophysical changes which ostensibly portray a single dimension
sequentially appear to the user to do so logically (Hopkin”°). A psychophysical dimension may be assessed according
to further subjective criteria. For example , colour on maps may be examined for induced colour contrasts (Audley
Ct al.’89 ), or for its associafive properties (Van der Weiden and OrmelingSO~).

In experiments on the design of scales of layer tints for aviation maps, psychophysical judgernents of apparent
progression and perceived contrast may indicate differences that are too small to be detected by performance measure-
men but that affect subjective preferences (Taylor”). Small differences in the progressiveness may have no measurable
effect on map reading performance but they may be a major determinant of the face validity of a layer tint scale, which
is an important influence on the initial acceptability of a new product.

The recent interest in mental imagery in general (Sheehan252) , and mental maps in particular (Gould2”), relies
on subjective assessment, to the extent that advances in knowledge depend greatly on the evolution of acceptable
subjective assessment methods. A mental map, being a subjective frame of reference, can be studied only in subjective
terms. Data obtained in verbal form or in graphic form depend on the facility to verbalise or to draw, as well as on
the mental map itself. It can be reasoned that the better the mental map, the better should be the subsequent navigation.
Navigation is easier in familiar terrain, presumably because the aviator uses ’topographical information stored in memory
and is not entirely dependent on cartographic information. Over-dependence on mental maps as a conceptual reference
system for navigation may lead to a greater probability of geographical disorientation (Taylor”’). The problem with
studies of ‘exfernalised’ mental maps, is that the act of drawing the map involves skills and abilities that may be different
to those of utilising the mental map during navigation. A poorly drawn mental map may not necessarily be associated
with poor navigation performance. This relationship needs to be tested. Without agreement on methods for the
subjective assessment of mental map imagery, it is impractical to consider how maps could become more compatible
with that imagery or whether making them so is a sensible objective. Although performance measures can be employed,
they are comparatively crude, and fail to reveal the complexity , variety and richness of the subjective phenomena.

14c CHOICE OF TASKS AND EXPERIMENTAL MATERIAL

The reliability and validity of empirical assessments of aviation maps are affected by the choice of tasks and
experimental material. Ideally, the entire range of tasks that are likely to be performed with the map should be included
in the evaluation, as determined from task description (cf. Chapter 6) and from a knowledge of operational requirements.
Also, the entire range of products should be tested, if possible. In practice, the variety of possible tasks, and the number
of sheets in a major series, are usually too great to allow a comprehensive evaluation to be undertaken, and the researcher
has to select a representative sample or “battery” of tasks and experimental material. Alternatively, the researcher may
choose to evaluate a m a p  using the most important task or tasks, examining only critical functions, as defined by
operational requirements. The feasibility of field and laboratory studies is a further factor that determines the form
of assessments. The experimental material may be limited to a prototype sheet of one area, chosen because it is
exacting to portray cartographically, because it contains m ost topographical features, because it is representative of
the series as a whole, or because the trial is restricted t i areas where field studies can be carried out, such as training
areas and low flying areas.

Choice of Tasks

Questionnaire surveys tend to elicit information on a wider and more comprehensive range of tasks than do
laboratory or field studies. Even when respondents are implored to obtain practical flying experience with a prototype
sheet (Lakin’33), there are usually doubts about the reliability of the findings, particularly when they are controversial.
Surveys after a series has gone into service, when it is more likely to have been tested by users under operational
conditions, probably have a higher degree of reliability (LakinMO) but they are often too late to lead to radical changes
in the production specification. Despite these problems, map production agencies usually choose to gather “informal”
opinions from operators rather than initiate objective, controlled evaluations. Typically, a wide spectrum of opinions
is obtained and judgements have to be made on which are likely to be reliable, and which must be treated with caution.
This may be the quickest , most cost effective method for the test and evaluation of cartographic products but it is
unlikely to elicit optimised designs. Furthermore, conservatism in subjective assessments means that radically new
proposals are seldom deemed acceptable.

Most map reading task s can be subdivided according to the fundamental perceptual and cognitive processes of
search, detection, discrimination, recognition, identification and memory ; performance on these aspects of the tasks
can be studied separate ly. Generally, these proce~ es are conc”rned with the decoding and assimilation of information
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from the map and relate especially to psychophysical aspects of map communication , i.e. effects of fonts, sizes, line
widths, contrasts , etc. In practice, map reading involves complex decision-making and judgement based on the map
reader’s interpretation of information on the map, as in selecting a route , visualising a group of features, correlating
patterns, and maintaining geographical orientation (Board and Taylor”8). To assess the effectiveness of the map for
more complex tasks such as these, the researcher must simulate them as realistically as possible and measure performance - I

on operationally acceptable criteria.

Unfortunately, experiments on maps, as on most topics, have concentrated on themes which lend themselves readily
to experimental methods, but which do not necessarily pose the most important problems. Search and identification
have beemm by far the most common tasks used in map evaluation partly because of their universal relevance, and partly
because of the simplicity of performance measurements - - search time and identification errors .

Landis et al. ’93 , Bartz ’94 ’ 504
, BelIer ’95 , and others have correctly emphasised the importance of search time as a

dependent variable in map research. Undoubtedly, the ability to locate cartographic information speedily is a vital
quality of efficient map reading, during briefing, pre-flight planning and flight, and evaluations should be designed to
include search performance, particularly in studies of colour coding (e.g. Shontz et al.588 ). However , as Stringer595
observed, although maps have a wide variety of functions, their behavioural evaluation has generally been limited to
sear,~h tasks. Search tasks present serious difficulties in experimental design. Search strategies adopted by individual
observers are major determinants of performance. Unless the search pattern is directed by instructions or by artificial
constraints such as controlled exposure of the map (Richman et al.”9; Enoch and Townsend’”), large individual —

differences occur which tend to obscure the smaller effects attributablc to cartographic variables. Random search has
greater face validity than a constrained scan , but even if eye movement recordings are obtained to check on random
search strategies (Shaw ’98 ), little control can be exerc ised over the information attended to during non-targe t fixations
and in peripheral vision (Hill4M). Trials on which the target is not acquired, or is fixated but not recognised, present

~ ‘~ther problems for data analysis. Search performance is affected by the observer’s knowledge of the target being
sought. Again, this is extremely difficult to control except for very simple targets. Even presenting the observer with
a single description or presentation of the target symbol or pattern does not ensure that all its features , or even the most
salient , have been memorised nor that they will be recalled during subsequent search. A decision must also be made on
whether information about the target should be presented only briefly at the onset of the trial or should be continuously
available during the search period. Individual differences in the use of continuously available target information may
affect search performance.

Identification of the meaning of map symbols is a fundamental aspect of all map reading. Identification tasks in
map eva luations usually require the observer to name specific map symbols, often using their designation in the map
legend. Type-legibility studies normally gather identification responses to place names or letters . In principal, any task
which elicits symbol-specific responses could be classified as an identification task. The response need not necessarily
be ver bal hut may involve pressing a button on a keyboard . Examples of studies which have used identification tasks in
map evaluations include Koponen et al.’9’”, McGrath650 , Marsetta and Shurtleff~’0, Hitchcock 52’ and Wong and
Yacoumelos528 . Taylor” demonstrated how the analytical procedures of Information Theory could be used to measure
the kinds of errors made during identification tasks with specific symbol sets. Valuable information for the map designer
is combined in the kinds of confusions made by observers during map reading. On aviation maps, ambiguity in the
mean ing of symbols (e.g. power transmission lines and canals) may have catastrophic consequences and must be avoided
at all costs. Discriminating characteristics that seem clear to the cartographer , may not be so readily discerned by the
user under degraded operational viewing conditions.

The major methodological problems with identification tasks are in the mechanics of presentation of the stimulus
material and in scoring responses. Individual presentations of map symbols, as on cards viewed in the tachistoscope,
change the influence of the cartographic context on identification performance. On the other hand, large map sheets
pose the problem of indicating the specific feature to be identified in a given trial. Pointers, circles or grid references
have to be used to specify the location of the feature without interfering with the primary task. Responses are usually
restricted to a specified set of symbol names , such as the legend categories , for otherwise scoring criteria can be difficult
to determine. Subtle distinctions in meaning, indicated by related features and contextual cues, or local knowledge , are
morc difficult to test by such simple procedures and are rarely included in map evaluations. The size of the set of
alternative responses a ffects performance. This makes comparisons difficult between sets of different sizes , e.g. between
alphanumeric and numerical fonts.

A further kind of map reading task , recognition and matching, requires the observer to assess the visual similarity
or dissimilarity of symbols or patterns of features , w ithout necessarily producing specific naming responses- These tasks
rarely feature in assessments of maps per Se , but they are common in studies of the use of maps for geographical
orientation and the interpretation of collateral displays, such as reconnaissance images, radar and photographs (Daniel
et al.”’”; Welch and McKechnie 436 ; McKechnie ”8 ;Mckechnie and Griffin678 ; Emery 3m5 ).

Navigation by v isual referencing procedures involves making comparisons between patterns of features on the
map and on the ground; maps can he compared in terms of their effeciiveness in facilitating this task (McGrath and
OsterhoIP’5 ; Mc Kechnie ’°’). A shape recognition task was used by Taylor ’5’ to evaluate alternative woodland
symbology for the 1:500,000 Tactical Pilotage Chart. Three-dimensional relief models and profile drawings have been
matched to topographical maps to eva luate alternative relief codings (Phillips et al.”; Taylor”4). Visual matching is an
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important task in the analysis of data on maps by geographers (Board and Taylor’8 ). Experiments have been conducted
with thematic maps to assess the ability of’ observers to recognise relationships between different distributions of
geographical phenomena (McCarty and Salisbury5”). Bush et al.” reported a method for studying the visual matching
of patterns that is highly relevant to experiments on cartographic generalisation.

Most map reading tasks have components that fall into the categories discussed above - -  search identification, and
recognition or matching. Christner and Ray’°’ analysed the performance on five sub-tasks deemed basic to map
reading:

Locating (e.g. which area contains only one HQ?)
Identifying (e.g. what type(s) of radar sites are in area C?)
Counting targets (e.g. How many barracks are on the entire map?)
Comparing (e.g. Are there more barracks in area Q than in Y?)
Verifying target data in different areas (e.g. There are two prisons in area V. True or False?)

Factor analysis of performance data obtained from an evaluation of map display characteristics (coding combinations,
number of levels of coding, clustering, and number of targets) was used to extract three general task factors. Factor 1,
called Recognition, loaded highest on the Identifying and Verifying tasks. Factor II, called Search, loaded highest on
the Locating and Counting tasks. Factor Ill, called Remembering, loaded highest on the Locating task and moderately
highly on the Comparing task. This third factor was related primarily to the structure of the operator’s task and the
amount of data to be dealt with at one time. The authors did not include matching tasks in their study, but it is quite
possible that matching would have correlated with all three general task factors.

Relief interpretation task s were not studied by Christner and Ray’°’. Examples of the kinds of tasks involved in
relief interpretation are given by Phillips et al.~” and Potash et al.”5. These include identification tasks ideritifying
types of land forms (hills, valleys, spur, depression, saddle), identifying whether lines run along valleys or ridges,
identifying the direction of slope of lines (up, down, convex, concave), estimating the absolute elevation of points;
search tasks, locating the highest elevation, the steepest slope, all areas above a specified elevation; and visualisation/
matching tasks — estimating intervisibiity between points, matching profile drawings to lines on the map, matching
three-dimensional models to map segments. A cluster analysis of relief interpretation tasks produced three groupings,
corresponding to tests of absolute height, relative height and visualisation (Audley et al.’89). In choosing tests of relief
legibility, at least one test should be included from each of these clusters to make the assessment representative.

Laboratory evaluations of aviation maps reported in the literature have usually been concerned with legibility or
ease of reading maps, measuring the speed and accuracy with which observers can find and use information on them.
Whiteside~°, Crook et al.’5 and Crook et aI.”~4° measured the speed and accuracy of reading map type under red
cockpit illuminations. Carel et al.’50 studied the legibility of map type in PMDS. Welsh et al.’56 and Rasmussen et al.’58
measured alphanumeric readability on approach charts and en route low altitude charts respectively. Obtaining discrete
responses for topographic symbols is a more difficult problem, and researchers have used a variety of different techniques.
Whiteside and Roden3’ asked their subjects to locate and mark off in 15 seconds as many aerodrome symbols as possible.
Koponen et al.’3tm , in a study of the relative legibility of two charts under red light, measured the speed and accuracy
with which subjects could identify airports or radio aids information appearing along flight lines by reading off
characteristics of the features. In a separate search task , subjects were required to locate radio broadcasting stations
located within the specified area. Murray28 used similar tasks for identify ing airport and radio information along flight
lines. A test of the ability to identify specific natural and cultural features which could serve as checkpoints was
included: this produced the largest differences between the three aeronautical charts tested. A fourth test required
subjects to searc h for the geographic locations of seven aerial photographs taken from 40,000 feet. Only small differences
were found in the numbers of correctly located positions on each chart . This was interpreted as meaning that differences
in map scale (I : 1,000,000 and 1:4 ,377 ,740), and concomitant differences in map content , did not affect the pilots’
identification of reference points. Chisum” asked her subjects to search for and mark a specific named feature on the
chart under either red or white light. The duration of each trial was timed by the opening and shutting of a mechanical
shutter, which exposed map segments to the subjects. A statistically significant difference in errors of marking was
obtained, but no effect was observed on times between the two lighting conditions.

Identification responses for topographical (point , linear, and area) and alphanumeric symbols were obtained by
Taylor’~’ in assessing the comparative legibility of two 1:250,000 scale aviation maps of the same area under direct and
projected map display (PMD) viewing conditions. The symbol to be identified on each trial was indicated by a mask
covering the symbol or a separate , identical “key map”. Significant effects on times and errors were observed. In a
further study, Taylor”’ used a partially restricted search task to assess the effects of red and white cockpit lighting on
the legibility of the colour specifications for the Joint Operations Graphic, the Tactical Pilotage Chart and a full-coloured
experimental specification, all printed using the same repromat of a sheet in the TPC series. Subjects were presented
with Monochrome facsimilies of the target symbols mounted on a sheet of paper, cleared of other detail , the same size
as the test sheet , in a position corresponding to the location of the target. Subjects indicated whether or not the target
symbol was present or absent at the indicated location on the test sheet by pressing one of two buttons on a keyboard.
On 50% of the trials the target was not present. Differences in errors and times were found for the same symbols printed
in different colours and large increases in times occurred under red lighting conditions. Barnard”’ used both search and
idenfification tasks to assess the legibility of a variety of experimental 1:50 ,000 scale maps for helicopter operations.
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Subjects viewed the maps directly under white tungsten illumination and through image intensification goggles. In the
identification task , examp les of symbols cut from the maps were presented singly for identification, by verba l responses.
In the searc h task , the target symbol was presented on a cue card . The subject then searched for the symbol on the test
map and indicated its location by pressing one of four keys, corresponding to four sectors of the map. Statistically
significant effects were observed on identification errors and on search times.

Field tasks and realistic laboratory tasks, in the sense that they simulate tasks carried out under operational
cond itions, are less common in evaluations of aviation maps than of other maps , because of practical difficulties in setting
up the tasks. Tasks that involve discrete responses such as m arking grid co-o rdinates can be set up with comparative ease
(Edmonds and Wright 305 ; Taylor and Hopkin ’51 ). Cont inuous navigation tasks present numerous methodological
problems (Farrell358 ), hut McGrath432 rev iewed the problem and proposed several solutions based on flight simulation.
A method of flight simulation , using film of actual low altitude missions, was developed and used in subsequent studies
(McGrath and Borden317 ; McGrath et al. 318 ). Subjects were asked to mark on a map the route that they thought the
aircraft had flown given continuous time , speed and heading information, a task similar to that of a pilot or navigator
monitoring the aircraft ’s position against a planned route. Deviations from the actual route were taken as an index of
map efficacy.

Navigation systems including map displays have been evaluated by recording navigation performance of actual
missions (McKechnie 306 ; Lewis and Anderson ’55 ; Jenson et al.176) and simulated operations (Payne387 ’ 427 ). Whereas
navigat ion performance must be the ultimate tests of an aviation map, the problem with navigation tasks is that they
produce data on the relative efficacy of the map product as a whole and not on the optimisation of cartographic
variables. Navigation tasks may be used to demonstrate that navigation can be more accurate with a large scale chart
(McGrath et al.3’9 ) and with a coloured chart compared with a black-and-white photographic copy of that chart
(Osterhoffet al.320 ) but they do not readily yield data on methods for improving map generalisation or colour coding.
unless numerous maps are tested varying a single cartographic dimension.

Tests of tactical interpretation and decision making have been used in the evaluation of maps for land navigat ion.
A series of studies of the comparative legibility of conventional line maps and photo-based products (Berry”7; Berry
and Horowitz 515 ; Wheaton et al.504 ; Hill4”) have used a wide range of tasks, including laboratory tasks of object
locat ion, object identification, terrain visualisation, height estimation and intervisibility estimation, and field tasks
of direction orientation, se lf location, field-to-map object location, map-to-field object identification, route planning
and route following, and terrain elevation interpreation. The need to use a battery of tasks seems to be well established
in this area of’ map assessment. Many of these tasks are relevant to map reading in aircraft at low altitudes and could
be particularly useful in assessments of helicopter tactical maps (Anon.”5; Johnson404). lntervisibility estimation and
relief interpretation tasks should be included in a comprehensive evaluation of topographical maps for aircraft navigation.

Route planning tas ks are relevant to all forms of aircraft operations by both visual and instrument navigat ion, yet
map assessments have so far been concerned only with the accuracy of navigation in relation to the intended route and
not wit h the efficacy of the choice of flight plan. Route selection tasks have been used in the assessment of road speed
maps (Morrison’53). A series of studies by Silver , Landis and their colleagues at the Franklin Institute Research
laboratories, using military logistics game maps , has developed an index of disp lay effectiveness , known as the decision
quality metric (DQM). The DQM was related to the amount of profit subjects made using displays in a trucking game ,
and experiments showed it to be Sensitive to cartographic factors such as colour and information density (Silver et al.562 ;
Silveret al.512 ; Landis et al.”’80; Landis et al. ’93 ). Although the DQM used in these studies is not directly applicable
to aircraft operations, the concept of measuring decision quality based on a realistic costs and benefits analysis is
potentially useful. The costs and benefits of alternative flight-plans could be analysed in terms of operational criteria
such as flight time, fuel expenditure , numbers of turns, visibility to enemy forces, threats encountered , etc.

In selecting tasks For assessing maps, the researcher would appear to have two alternative strate gies. He can either
use a subset of tasks that are representative of what users actually do in the “field”, or he can devise tasks to measure
basic map reading skills that underlie operational activities , such as search , identification and recognition (Potash and
Jeffrey ”8). The first approach may be closer to real-life and have greater predictive validity, but the major difficulty
is that the measurement of performance with aviation maps in the field is often impractical. Simulations may not be
ent irely representative , and may produce misleading results . Realistic tasks are often complex , involving other non-map
rcading skills and abilities which may mask small e ffects due to map variables. The second approach is more concerned
with the ability to obtain information from the map rather than what is done with the information. Validity in relation
to operational requirements may be low, but a more direct assessment can be achieved of how well information is
extracted from the product.

While having a simple measure of task performance is convenient and seems elegant , it can be justified only if it
makes sense in terms of operational requirements and tasks, It must have an operational counterpart. If a map aids the
speed at which a task can be performed at the cost of inducing inaccuracy , there is no benefit in obscuring both of these
trends by the quest for a single measure which may show neither. Nor is it permissible to choose tasks because they are
simple to measure rather than operationally relevant. Where single measures can validly be used to assess the performance
of a task , then they should be , but they should not be imposed if they would oversimplify or obscure trends or findings.
In research on aviation maps, the practical usefulness of findings must always be considered. Research on other maps
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may not have to be so concerned about this, but it is rare to encounter a study where the results are claimed to have little
practical value (Wright ”9).

Choice of Experimental Material

Even when suitable tasks for assessment have been chosen, the findings depend on the selection of experimental
material. This is more difficult for maps than for most information displays, because the visual variables interact so
much and because experiments seek findings that can be generalised beyond the material employed. Many standard
experimental procedures cannot be followed with maps, because of the nature of maps. The information surrounding
any designated position on a map is unique. No two designated positions can be presumed to be equivalent. If the same
map position is presented to a subject more than once during an experiment , he is unlikely to respond to it in measurable
terms on subsequent presentations in the same way as he did on its first presentation when it was unfamiliar to him.
These constraints rule out the normal experimental techniques of replication and parallel forms for demonstrating that
the finds are reliable and not an artefact of the chosen material.

One stratage m is to express the findings not in the form in which they are obtained, but in more general concepts,
and to demonstrate that the findings derived from a variety of experimental material remain coherent and unified when
so expressed, It then becomes possible to adopt some experimental methods, such as using material in parallel forms,
by desc ribing each item iii terms of the general concepts (Taylor and Hopkin’51 ). The range of material is also expressed
in general terms, such as an index of cartographic information density. The same measure can be adapted to numerous
maps — all topographical maps at a given scale for instance - - and comparisons made between maps to explore, for
example , the relationship between amount of displayed information and graphic form (Shaw and Maclagan”°).

There can be problems in ensuring that the examples of material selected for study encompass the whole range of
available material and are representative of it. If very large quantities of experimental material are used, this problem may
be resolved simply by ensuring that the specific examples of it are selected by a random process. However it may be
impractical to conduct such a large experiment , and the material therefore has to be deliberately planned to be represen-
tative. Subjective selection of material may depend on intuitive processes of unproven validity. Some additional evidence
is therefore needed, in the form of conversions of selected items to general concepts, independent assessments of them
by others, or stat istical tests for bias. It is advisable, as far as possible, to provide positive proof that item s are truly
representative of the whole , rather than rely on subjective claims.

Not all assessments of maps require representative material. The material must always be chosen to answer the
quest ion posed. A requirement to demonstrate thc feasibility in principle of a particular map function may need only
simple material; until feasibility has been demonstrated , the time and effort required to compile representative material
may not be justified. A requirement to establish the limits of performance may need complex experimental material
only , if the practicality of simple material has already been established. A requirement to test a high specific hypothesis
may need material pertinent to that hypothesis, but not necessarily representative of the whole map. A requirement to
explore in detail a particular circumstance known to lead to difficulties may need material unrepresentative of the whole
map, but emphasising the particular circumstance such as a type of error , delay or confusion. A requirement to study
the effects of a specific cartographic feature such as map boundaries may need experimental material which emphasises
them (Laymon 305), The general principle is to fit the experimental material to the question. It is essential that the
interpretation of the findings is also confined to the question, and they are not claimed to apply more generally than
the experimental material can support . The temptation must be resisted to use whatever experimental material happens
to he readily available, without considering if it is appropriate or representative, or how it could be improved.

The map characteristics which have most influence on map assessments have not yet been identified, listed and
weighted. They obviously depend on the operational requirement , on the tasks, on the map reader, on whether the
assessment is by performance measures or subjective assessments, and on the specific measures chosen. In so far as
these critical map characteristics are known, findings should be interpreted in relation to them, and experimental
material checked against them to assess how representative or biased it is likely to be. How far the results of assessments
are an artefact of the expertmental material is difficult to establish , but the assumption must always be that they may
be, until contrary evidence can be adduced . In the meantime , every effort must be made to avoid interpreting specific
findings as general ones.

The rationale for choosing experimental material must always be clearly stated , to allow informed judgements of
how applicable the findings may be. The nature of maps, and of most collateral material, encourages the facile
generalisation of conclusions because the relevant variables can be so difficult to define. The solution is to take every
initial precaution in selecting experimental material to ensure that findings can be proved to generalise as far as they
are needed, rather than to trust or claim that they do generalise but be unable to prove it.

Rd LABORATORY STUDIES AND ASSESSMENTS IN OPERATIONAL ENVIRONMENTS

is Almost all human factors studies in aviation share the problem of establishing the nature of the relationship
between findings in the laboratory and under operational conditions. Scientific methods of investigation require
rigorous experimental designs with controlled and independent variables , data gathered and analysed in accordance
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w ith a fixed experimental protocol , and findings which must not have more than one interpretation. None of these
condit ions can normally he met during flight , yet the laboratory studies have no practical significance unless their
re levance to operational settings can be demonstrated. The problem is particularly acute with maps , because of their
visual complexity and the multiplicity of tasks wh ich require map information.

(‘hapanis ”2 listed the main reasons for caution in applying laboratory findings to real-life.

( I) There are far more independent variables in real-life than in the laboratory. Conclusions obtained by studying
only a few variables in the laboratory may be contradicted in real-life by factors not studied or interactions
not recognised.

(2) Bringing a variable into the laboratory changes its nature in ways which are uncertain.
(3) The importance of the variable chosen for study in the laboratory may in real-life depend mainly on its

interactions , and the residual e ffects demonstrated in the laboratory , though precise , may be so small as to
lose their operational significance.

(4) The dependent variables measure d in laboratory experiments are chosen for their convenience in the laboratory
and nQt for their operational relevance.

(5 )  The variables are often presented in unrealistic ways in the laborafory .

Laboratory findings on search or identification tasks , which define basic human limitations, may be applicable
genera lly, although it is still necessary to have common concepts in terms of which real-life and laboratory data can both
be expresse d (Davies”6 ). Laboratory studies may be effective for permitting an appraisal of physical variables and their
interactions (Boynton and Bush”8 ). A quest for more sensitive and efficient measures often lies behind attempts to
derive more controlled methods of assessment (Fenwiek78’ ), although finding a sensitive measure will not thereby bestow
importance on a variable which is obscure or has effects which are very small. Nor will such effects matter if a gross
effect has been ignored details of the design of an emergency chart are of little consequence if it cannot be consulted
in an emergency because it is part of an unwieldy manual (Bowen and Gradijan382).

Simulation is often used in aviation, hopefully to combine the advantages of laboratory studies and of operational
tasks in making assessments. As a technique , it also has the potential to combine the disadvantages of both, if not used
correctly. In simulation, realistic task variables can be controlled , experiments can be replicated, and many individuals
can be presented with identical tasks. Procedures which are difficult to study in real-life, such as matching photographs
and maps during a bombing run, can be examined , and their reliability assessed (Daniel et al.~~’ 

5 5 )  But simulation has
the disadvantage that its findings may have to be related both to laboratory studies and to real-life flight, and in some
respects it may constitute a third assessment technique, rather than bridge the gap between the other two. While aspects
of the physical environment such as turbulence may be simulated in a moving base simulator , findings such as no fatigue,
cont inued alertness, consistent learning, and a maintained level of task performance under all conditions may raise more
quest ions than they answer (Soliday ’82). The studies of Lewis and his colleagues (Lewis”; Lewis and de Ia Riviere 360 ;
Lewis and Anderson355 ) in a low speed aircraft and in a helicopter encountered the real-life problems of unexplained
effects and potentially dangerous events , but considerable confidence could still be placed in the validity of their
findings for low speed low level flights.

McGrath and his colleagues used a variety of methods during their experimentation on aviation maps, and
emphasised the need to validate findings. They developed a film method for simulating low level flight which they
believed to be a valid simulation of the visual experience (McGrath and Borden 317) , and, on discovering that it presented
a very,difficult task , modified it and demonstrated that it improved geographic orientation in pilots in a flight simulator
(McGrath et al.3m8 ). They developed an analytic technique for selecting relevant features for portrayal on a map, and
validated it by demonstrating that an experimental chart incorporating the selected features enhanced the maintenance
of orientation during sorties in a flight simulator (McGrath and Osterhoff’25 ). They established a method for obtaining
data on navigation pe~ ormance from operational sorties by requesting pilots to recall and record after their flight
designated aspects of their performance (Borden323 ), and validated this measure by flight tests which enabled the true
and recalled performance to be compared (Borden and McGrath”4 ). Much training in map reading skills is acquired
informally during flight, and some of these validated findings could be used to suggest more effective training methods,
particularly in the key task of visual referencing (Borden~

3). An example of the integration of techniques was provided
by Anon’83 ; operational aspects of cartography were evaluated by an analytic technique; a series of flights was conducted
w ith a variety of navigation aids and information; the roles of nsaps were identified ; the cartographic information which
would be required in future was then established by flight simulation methods.

Assessments may be handicapped by limited access to essential support. Fruitful research and evaluation of aviation
maps are likely to require laboratory facilities , flight simulation , airc raft sorties , and cartograp hic production facilities.
This last requirement has often proved the most difficult to meet. Professional map production effort is in short supply,
and much human factors researc h on cartographic problems has not in fact used professionally produced maps. It is
generally essential to do so to obtain valid findings. Any proposed solutions to mapping problems must be capable of
product ion within ca rtographic , photographic and printing technology . Researc h and evaluation therefore tend to
become more interdisciplinary , with the value of the contribution from each discipline being dependent on the contribu-
tion of others. It is essential that one contribution , normally but not necessarily by a human factors specialist , should
include a thorough understanding of the techniques of experimental design and “nalysis. This is because the findings
from many evaluations and assessments reported in the literature have been seriously compromised by deficiencies in
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experimental planning, and particularly by a failure to appreciate that measurements of task performance are influenced
by numerous extraneous or interacting factors, apparently unconnected with the task itself. Factors that may influence
findings include the effects of learning, of individual differences, of the sequences in which experimental conditions are
examined, and of various tactics for balancing or randomising factors which could interact. The ways in which they may
do so must be fully understood before the findings can be interpreted correctly.

l4e THE DERIVATION AND VALIDATION OF QUANTITATIVE MEASURES

It is not possible to provide a definitive list of the measures which should be used to evaluate a map. Various
measures have been proposed for the purpose, and numerous theoretical concepts have been considered. McGrath31’
concluded that experimental data to explain the causes of disorientation or to re-establish orientation did not exist.
Some progress has been made since then, but much of the research needed to provide quant itative assessments of map
efficiency has still to be done. Empirical measures may be used to check that a display does in fact fulfil its intended
functions, but these do not show whether it could be improved, how much better it could be, or whether a different
display could be equally effective, Valid quantitative measures are needed to answer such questions.

An attempt to derive and identify dimensions of visual displays relevant to their usage was made by Siegel and
Fischl’°8 , using multidimensional scaling techniques. Statements covering the seven identified dimensions were
subsequently scaled for favourableness and then arranged in tetrad forced choice format for validation as an instrument
for visual display evaluation (Siegel et al.7U). The seven factors were :

( I) Volume of material deployed.
(2) General display format.
(3) Differentiation of signal from noise.
(4) Ordering signals according to a meaningful structure.
(5) Determining relationships.
(6) Integration of the meaning of what the display portrays.
(7) Intellectual processing for decision-making.

This last factor appears to be related to the concept of decision quality, proposed by Silver et al.5~ as an alternative
measure of display effectiveness to the traditional ones such as search and accuracy. After further evaluation studies ,
Landis et al.’8° recommended research to establish the usefulness of display quality as a practical measure , having shown
that measures of information assimilation cannot fully assess display effectiveness because they take no account of
display quality (Landis et al.5m3 ). They claimed that , using multidimensional analysis of rating scale assessments to
define display effectiveness and to build a regression model, the effectiveness of display could be assessed without further
emp irical data from a testing situation.

Multidimensional scaling can be used to discover the factors which determine the perceived similarity of different
shapes and forms (Kunnapas et al.55m ). Different methods give similar solutions, which help to confirm their validity
(Lund’85). The multidimensional scaling method can also be used to estimate similarity directly (Waern786 ). A similar
technique, principle co-ordinates analysis, has been used to identify the dimensions of 1 :250,000 scale maps for low
altitude high speed flight (Taylor222). Studies have been conducted on a large number of psychophysical variables
pertinent to cartography, generally treating each variable in isolation and attempting to compensate for known vagaries ‘

in subjective assessments.

In the pursuit of valid methods of assessment, many psychological measurement techniques have been applied to
maps, but none has proved sufficiently promising to become generally accepted. Stringer595 attempted to test the
readability of large scale planning maps, which differed in colour and in amount of base information, by using repertory
grid measures derived from personal construct theory (Kelly’81; Bannister and MairlM). The results were influenced by
colour but not by base information. Stringer”‘ suggested that maps for functions such as the collection of public
opinion cannot be evaluated by experimental methods, and that much evaluation work on maps has viewed the role of
maps too narrowly and concentrated far too much on the effects of single variables.

Valid assessments may be expressed in information theory concepts, if map reading is viewed as the transmission of
ca rtographic information. Dornbach’2’ analysed the map as an information display system , and Ratajaki4” derived a
formula related to the effectiveness with which cartographic information was transmitted. Balasubramanyan”‘ analysed
numerous factors which contributed to the utility of the map for storing and transmitting information, and Sukhov475
presented formulae, based on information theory , for testing how uniform the processes of cartographic generalisation
were on a map. Gokman and Meckler ’9° also derived formulae from information theory, their intention being to
compute qualitative aspects of the thematic content of maps. Taylor” showed “that not only the input (stimuli) in a
cartographic communication system are amenable to analysis through information theory, but that the output (responses
to stimuli or the results of map reading), can be analysed to assess the effectiveness of the communication process”.
Taylor showed that the concepts of information theory permitted a more sensitive measure than percentage of correct
identifications, by including in the meaaure the effects of system noise and of information lost. He could see no a priori
reason why the technique should not be extended , and it offers promise as a valid and practical measure suitable for
map assessment (Board and Taylor4~ ).

______ ___________  ____________
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Eye movement recording ha~ often been tried with maps or map-like material , though it can lead to ambiguities in
interpretation and can generate large quantities of data which usually must be reduced with the aid of com puters . Eye
movement recordings can be related to nunlerot’s dimensions concerned with the visual prominence , significance,
fami liarity, rarity, and coding of stimuli (Gould and Dill’91 ). Models based on eye movement recordings may account
sat isfactonly for searc h performance with comparatively simple stimuli, but fail to do so with stimuli as complex as
maps, as Williams et al. ’5’ showed. There are large individual differences in eye movement patterns while map reading.
and Jenks ”‘ pondered on how these were influenced by memory, and w hether the map-reader ’s image corresponds with
that of the cartographer. There is more map in formation store d in the memory than can be reported verbally. Attention
influences eye mosements , but Weitzenhoffer and Brockmeier 792 c laimed that to determine the extent of this influence
it is necessary to measure eye movements with the eyes open and with them shut. A comprehensive discussion of the
relations between eye movements and psychological processes has been provided by Monty and Senders793 ).

Legibility seems a form of assessment which could readily be validated , but it is not clear how the concept in its
psychological sense should be applied to maps , since neither of the traditional meanings of legibility distinguished by
Poulton5M , rate of comprehension and rate of skimming for words , seems appiopr iate for map reading without some
modification.

Some assessment problems are associated with the validity of assessments obtained in flight. In certain respects .
t hese measures should be more valid than others, being obtained under real operational conditions of map use, but in

- 
. ot her respects their validity is uncertain because it is difficult to identify all the factors present , establish their relative

influence on map reading, or prove t hat they would remain applicable under changed circumstances . A further problem
of validity arises when performance measure s and subjective assessments of a map are in conflict (McGrath and
Osterhoff’25 ; McKechnie ’°’ ).

A more satisfactory validation method is to derive criteria for improving map reading performance , produce an
exper imental map based on those criteria, and prove that the experimental map is better than the original one which
did not meet the criteria. This approach was followed by McGrath and Osterhoff” 5 who were attempting to improve
geographical orientation, and by Hopkin7° and Taylor’00 who were testing the value of human factors display principles
w hen applied to maps. Some of the experimental methods for evaluating maps were reviewed by Murrell and Hopkin”3
though they were not willing to gauge the probable validity of alternative measures.

In many instances of map evaluation , investigators have been so impressed by the difficulties of obtaining quan-
t itative measure s and of generalising the findings, that they have been overwilling to presume that the findings are worth
generalising and the measures worth obtaining. As a result , the worth of many measures , even the commonest ones , is
largely a matter of speculation . Most chosen measure s are plausible and have some face validity, hut the true validity
of many of them has never been established , and how circumstances affect validity is not known. Yet in the few
instances when validity assessments have been attempted the results have suggested that most measures are stable and
cons istent enough for their validity to be demonstrated , and hence for their worth to he assessed. Meanwhile , spur ious
findings may be obtained because of the almost universal presumption of validity in measure s which have never been
adequately tested.

l4f QUALITATIVE AND AESTHETIC FACTORS

Users have likes and dislikes about maps , and form att itudes about them. The ways in which they arc willing to try
and use a map may he greatly influenced by their attitudes towards it. The attributes of a map which engender
favourable attitudes toward s it may have no connection with its efficiency. Because of its appearance , it may be
accorded an undeserved authenticity and a level of accuracy which is spurious. As Wright ” put it; “an ugly map is less
likely to inspire confidence”, but w hat cartographer would deliberately make an ugly map in order to hint that the user
should not place too much trust in it because its sources are suspect?

Most people seem to have favourable attitudes toward s m aps. Laboratory expe riments with maps do not usually
encounter a shortage of volunteer subjects , as experiments on dull topics frequently do. Rather the problem is to h old
t he subject ’s attention while explaining w h at is required of him, since as soon as a map is placed before him he has a
compu lsion to pore over it. Which attributes of the map exercise this fascination has been a source of much debate hut
no definitive study; if’ they could be identified perhaps they could he applied to other kinds of display. Numerous
techniques might help to answer t h is question , but t he visual interactive effects and the complexity of displayed
information might themselves be the main sources , rather than any more readily quantified visual dimensions. A concept
suc h as visual balance is an attractive one.

Because the cartographer strives to give the map a pleasing appearance , his success iii achieving it may be a matter
of personal taste rather than reflect the usefulness of what is portrayed. Too much stereotyped mechanisation in m a p
production was believed to be countcr-pro(Iuctivc by Carmichael ’47 , who contended that artistic ef ’fects could he
ac hieved by subtle rather than extravagant usage of colour on the map. The conclusion of(’uff ~’°° tends to support this
vie w , for colour could have such a potent influence that it could readily become ineffective unless carefu lly controlled.
Saunders’2’ suggested that the effective ness of’ colour on m aps could be judged by its pleasing appearance , its
appropriateness for the purpose , its unifying attributes , its variety, and ( lie interest it aroused, most of which are
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aesthetic qualitative factors. Colour is one of the main determinants of the aesthetic judgements made about a map,
but most identifiable factors can be claimed to exert some influence in so far as changes in them induce changes in
aest hetic judge ments of the map. The regularity of patterns is a relevant factor , and so is the success with which the
items in a set have equal-appearing intervals between them. Sometimes a flat tone is preferred to any visible texture
(List ’9’). In three dimensional mapping, aest hetic factors may assume even greater importance as a means of generating
required visual impressions (Jenks and Steinke ’35 ).

The application of ergonomic principles to maps (Hopkin7hi) may minimise the importance of aesthetic factors,
since ergonomic display principles are usually promulgated as functionally efficient rather than aesthetically satisfying.
Although there is some evidence that subjective impressions of information density may be a major determinant of
av iation map preferences (Taylor”2 ), nevert heless density is usually specified in objective rather than subjective terms
(Taylor and Hopkin ’°8 ). It may nevertheless be as important to make the portrayed information appear to be less
dense , as actually to reduce its density. The emphasis on quantitative measures implies that such options tend to be

L neglected, but they might succeed.

Whereas judgements of the functional utility of a map are made after trying to do one or more tasks using specific
items of information on it, aesthetic judgements of the map are made by viewing it as a whole, and perhaps before using
it. Although eye movement recordings may demonstrate that the map is being scanned, aesthetic judgements have not
bee’~ made about the sequence of fixated items. It is often much easier to identify the factors which mar balance and
harmony in a map than to name those which enhance them. The aesthetic problems in trying to achieve a visual effec t
not merely of figure and ground within the map, but of a background on which information is superimposed at more
than one visual level (Wood~~ ) have not been examined, although several visual distances can be portrayed under certain
circumstances by ut ilising the different apparent visual distances of colours.

Evaluation of maps in aesthetic terms still tends to be rudimentary and of dubious validity. Board and Buchanan’195
commented on map assessments which do little more than state the reviewer ’s predilections, and they noted that aesthetic
judgements are often highly questionable. However , they need not be. A consensus clearly exists on what is pleasing in
a map and w hat is not. If the basis for this consensus can be validated, guidelines for acceptable and pleasing maps can
be compiled. These are worth attaining, partly for their own sake but also because if a map is liked and engenders
favourable attitudes among users, it may thereby be used more efficiently, and is certainly more likely to be tried.
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CHAPTER 15

FURTHER MATERIAL RELEVANT TO AVIATION MAPS

ISa STUDIES OF OTHER MAPS

The variety of map studies reflects the many purposes which maps may serve (Board’s ). Since there are difficulties
in generalising findings from one aviation map to others, greater difficulties may be expected in generalising findings
from other kinds of map to aviation maps. Nevertheless, this does not mean that, in applying human factors principles
to aviation maps, nothing of value can be learned from other cartographic research. It can be a fecund source of
illuminating insights and hypotheses, provided that they are treated as such, and not applied to aviation maps uncritically
and without verification.

Human factors principles, and particularly the psychological principles of visual perception and information trans-
mission, have received considerable attention from geographers concerned with map design. Research on perception and
map design relevant to geographical maps has been reviewed by Board and Taylor458 . Examples are Wood’s~~ concern
with depth cues and visual planes as aspects of map design, Brandes’55° discussion of geographical and qualitative symbols,
and Jenks”9’ interest in visual proportions and the principles of clustering in relation to gestalt theory. Cartographic
texts (Robinson and Sale~~; Keates ’20 ) usually make some reference to relevant psychological principles, if only by
directing the reader to standard introductory books on psychology.

Mental Maps

Psychological interest in map reading and in the processes that accompany it has followed the vagaries of psychology
in the study of conscious processes. Quantitiative assessments of mental map imagery have a long history (Elderton’98),
but it was learning theory, and its preoccupation with maze learning, that stimulated interest in cognitive mapping
(Tolman85). With the change of emphasis within psychology, whereby the study of experience was re-admitted alongside
the study of behaviour, mental maps became a respectable topic for psychological research in their own right, evidenced
by the inclusion of a chapter on cognitive mapping in Neisser’s’~ text. Previous authors (Howard and Templeton9t )
had pointed in the same direction. Now, mental maps are considered relevant to the study of numerous spatial/
psychological phenomena in geography, environmental psychology and town planning (Stea and Downs269 ; lttleson
et al.8°°; lttleson2M; Downs and Stea290; Gould and White 2 ; Canter204), and as a basis for development and knowledge
(Kaplan5t0 ). Several techniques have been proposed for their measurement (Gould295 ; Howard et al.~~). Other authors
have studied the mental maps of primitive and remote people to investigate the role of innate abilities and learned skills
of geographical orientation (Lynch275 ; Oatley276 ; Lewis04).

The main alternative to studying the mental maps of primitive peoples is to study children’s, to understand how
spatial orientation and map reading skills evolve, and how they should be taught. The literature on map reading by
children is very large. Its sta rting point may be spatial orientation and concepts of direction (Smith272 ; Lord273), the
development of map reading skills (Bathurst802), or determining the essentials of a good map for children (Warman803).
Riffel’52 found that coloured photographs, and stereo pairs of black and white photographs, helped the child’s
conceptualisation of the map and the symbols upon it, but he draw attention to the child’s difficulties in forming
concepts which were not egocentric, a necessary stage in map appreciation (Riffel2M). Children do seem to develop
some of the necessary facility for abstract thought (Savage and Bacon’51), and there is some evidence of spontaneous
and untaught map reading abilities (Blaut and Stea ”°; Blaut et al.804 ). Bartz”’ contended that a new approach to map
design for children was needed. The very extansive study on early map reading, which nevertheless did not lead to
conclusive findings. may be sampled in the work of Fischer 260 ; Plumleigh263 ; Kilman262 ; Stampfer80t ; Duhon806 ;
Murdoch265 and Zimmer 807 . Some studies have had more specific objectives, such as understanding contours (Poh’32 )
and examining children’s understanding of maps in relation to aerial photographs (Hart274 ; Dale497).

Tactual Maps

Further evidence on mapping as an aid to orientation comes from the development and evaluation of tactual maps
for the blind. Such maps may be of districts or of routes, may be static or portable, and may be spatial or verbal
(Leonard2m). One approach to studying mobility aids for the blind is to use life-size mazes (Maglione279). Various
types of route map can assist a blind person to follow an unfamiliar route (Leonard and Newman69). Tactual maps
for the blind have employed a series of tactual symbols, each of which is discriminable and has a meaning which can
be learned and recalled. Relationships with existing tactual symbology, such as braille, also have to be checked. Several
studies (James and Gill805; Gill and James609 etc.) have been conducted to identify and validate suitable symbols, and
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to test the mobility of blind persons using tactual maps containing them. The role of computers in drawing maps for
the blind has also been explored (Douce and Gill810). A bibliography has been compiled (Gill and Tobin8” ). Positive
or negative format, white or black symbology has been compared on maps for the partially sighted (Greenberg5t2 ).
Although tactual maps for the blind bear little physical resemblance to aviation maps, they share the problems of the
derivation of unambiguous symbology suitable for the envisiaged functions, and of facilitating reorientation if  the user
has become lost.

Urban Maps and Tourist Guides

Maps for the blind are generally concerned with urban environments at large scale. Among other approaches to
maps of the urban environment, two are of potential interest for aviation maps because of their methodology.
Stringer295’ ‘~ believed that experimental methods could not validly be used for such purposes as enlisting public
participation in urban planning, and contended that multidimensional assessment techniques must be employed. He

L I used the repertory grid, pioneered by Kelly’8’ and developed by Bannister and Mairms , as a measure of the
comparative readability of alternative map formats. His results were sufficiently encouraging to suggest that the
technique may be worth trying in other map-evaluation contexts. McCleary’s approach to large scale mapping for
tourist guides was based on evidence on cognitive mapping and on the effects on behaviour of differences in the map
user’s image of his environment (McCleary 812 ; McCleary and Westbrook8”). This variable, the user’s cognitive map
and his image of his environment, has not been included in studies of aviation maps and it may warrant examination.
The extent to which the choice of routes is influenced by past experience is not known, nor are effects of previous
disorientation experiences on mental maps and route selection. Standardised symbols for tourists’ maps have been
proposed by Ostrowski8t5 . Whereas standardised symbology can obviously benefit the tourist in a foreign country,
just as it is essential for world-wide use of aviation maps, some authors (Fishers”) have argued that realistic, pictorial
symbology is an important factor in the success of large scale urban maps and street guides if the features shown are
locally recognised land-marks. The principle of portraying pictorial land-mark symbols is well established in aviation
cartography.

Relief Maps

One means of improving the user’s image of the environment is to examine how alternative conventions for
representing terrain can enhance the formation and efficiency of his images. Many of the possible ways of depicting
terrain were described by lmhof’~’ who also discussed the role of contours as an example of isolines joined equal
measured quantities within the dimension of height (lmhof~”). Various methods can be employed to provide a
direct image of terrain. Tanaka’~’ outlined a scheme for obtaining visual impressions of relief on maps by illuminating
contours so that they gave the illusion of shading under oblique lighting. YoeliM3 compared three different kinds of
illumination to produce relief shading, and concluded that hand drawing of shaded relief gave more successful effects
than photographs of relief models, because drawing was more flexible, and the appearance of hills and valleys did not
depend so critically on their orientation in relation to the northwest. Jenks, in a series of studies (Jenks and Steinke ’35),
examined three dimensional maps. He explained how they could be constructed by anamorphosis, and advocated their
more extensive use (Jenks and Brown”2). He offered guidelines for selecting favourable viewing positions for looking
at three dimensional maps (Jenks and Crawford8t8 ). He applied three dimensional techniques to marine mapping by
constructing a three dimensional bathyorographic map (Jenks and Crawford8t9 ). He expounded the role of three
dimensional maps as teaching aids to facilitate the understanding of terrain depiction on topographical maps (Jenks
et al.’27). Computer drawn cartography may also permit three dimensional viewing and rotation of surfaces (Peucker ’~°).
The legibility of relief on topographical maps has been studied by various authors including De Lucia’45 , Shaw and
Maclagan°30 , Hopk inTM0, Taylor~’°2’’4’, Phillips et al.26’ and Potash et al.”5.

Thematic Maps

Maps intended for specific rather than general purposes are termed thematic maps. The main criterion for testing
their effectiveness is the successful communication of the information the designer intended to convey. However , the
designer’s intentions are not always known. Gerlach480 listed ten factors with a fundamental influence on the
effectiveness of thematic maps:

(I) Correct titling of the map.
(2) Omitting inessential data.

~~~~~~~~~~~~~~ (3) Selecting the best map scale for its usage.
(4) Avoiding visually prominent map framing.
(5)  Using white as a colour.
(6) Using legible and meaningful symbols.
(7) Minimising styles and sizes of type.
(8) Using cartograms rather than maps where appropriate.
(9) Showing dynamic changes by mapping.

(10) Designing each map to convey information effectively.
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Many of these factors are equally relevant to other maps. A further factor relevant to the design of thematic maps is
figure-ground ratio (Crawford’20). The various types of thematic map, and methods for evaluating them, have been
reviewed by Board and Buchanan’” and Board and Taylor’58.

Keates ’2° grouped thematic maps under the general heading of special-subject maps, and included statistical maps
in the same group. These deal with statistical data , and introduce several illusory perceptual effects which can lead to
misinterpretation (Clarke258 ). Problems in generalisation and in selecting class intervals for statistical maps were
described by Jenks”9 and by Jenks and Coulsen820 . Basic texts incude those of Dickinson82’ and Birch’81, and
Monkhouse and Wilkinson’39 illustrate various kinds of statistical map. They share many problems with the
representation of relief on topographical maps, particularly in the choice of symbology, and in the limited knowledge
which users may possess about the conventions being employed.

Studies of numerous kinds of thematic map of borderline relevance to problems of aviation maps can be mentioned
only briefly here. In common use are chloropleth maps, based on statistics , and depicting average values for unit areas.
Muller’22 has described recent studies on them. The experiments of Rhind et al.5t9 dealt with geochemical maps and
the use of wind-rose symbols. Connolly’23 studied contouring on weather maps. Ratajski498 , criticising the excessive
number of symbols on maps and the lack of world-wide internationally agreed standards for them, was primarily
concerned with economic maps, although his strictures apply as forcibly to most topographical maps. Anderson824

reviewed user requirements for nautical charts, and called for improved techniques in their production, particularly by
applying computer methods to keep the information on charts more up-to-date. Kirby769 has contributed a general
review of the functions which maps are expected to fulfil.

Transportation and Road Maps

Road maps are the subject of continued research. The road traveller’s expectations about his maps were described
by Morrison’82 who noted that there was insufficient evidence to judge how well they were being met. Astley65’ also
studied road users’ requirements, and noted that users preferred folding maps to atlases, and often compiled their own
route guides. Questionnaires have been employed to obtain views on the value of various road maps for route finding
(Sheppard and Adams”°). Experimental road maps depicting probable road travel speed have been developed by
Morrison5t4 and evaluated by comparing them with conventional maps for selecting the best route. Cost-benefit analysis
techniques were used to judge what was best , and to show the savings which would accrue from using speed maps for
route planning.

Transportation maps and tourist guides place less emphasis on spatial accuracy and more on design than do most
aviation maps, because the users’ requirements are very different. On transportation maps the user is mainly concerned
with identifying the correct route for his journey between a given starting point and destination. Navigation between
these points is either self-evident or carried out by someone else. The user needs to know to correct order of stations,
staging points and intersections with other routes, but accurate information on distances, twists and turns is usually not
needed and places an unnecessary constraint on the designer who is mainly concerned with providing legible symbology.
It is only when the user wants to relate the transportation system to other information, such as a street plan, that spatial
accuracy may be needed. This is a separate task usually carried out before starting the journey or at the end, and it
should be performed on a separate map. Maps of Underground Railway Systems in cities often sacrifice spatial accuracy
in favour of legibility, retaining only the general direction and positioning of routes.

In most forms of aviation cartography, accurate positioning of symbols is of paramount importance for accurate
and safe navigation, and the generalisation achieved at different map scales is normally sufficient to reflect the varying
need for accurate representation. Deliberate, exaggerated generalisation may be justif ied on perceptual grounds for
some tasks, such as the identification of airfield runway patterns or town shapes, and most maps contain many examples
of co-located features that have had to be repositioned to permit discrimination. Simplified representations of routes
and airways are used on small-scale charts for en route radio navigation where accurate navigation is achieved with
reference to instrumertation rather than map reading. Passenger information displays, global route maps etc , need not
be spatially accurate and other design considerations such as legibility, conciseness and attractiveness should take
preference, particularly when small scales introduce the characteristic inaccuracies of various map projections
(cf. Chapter 2).

Resumé

Among the extensive cartographic literature unrelated to aviation problems, certain common themes emerge which
apply to aviation maps also. Ideas of users’ needs and of how maps are in fact used are generally hazy. Problems in
choosing appropriate meaningful symbology are endemic to all maps. The role of computers is still in the process of
being worked out , since technical feasibility has out-stripped financial resources, data storage and practical computer
skills. Maps tend to show too much, in ways which are insufficiently self-evident for the user. Logical ways of
integrating them with, and relating them to, other material, such as photographs and models, are still being sought.
The development of map images in children and the extent to which the images can be modified, refined and changed
by learning and training remain uncertain. Cartographic portrayal is still highly dependent on intuitive processes.



-

187

lSb CARTOGRAPHIC ANNOT ATION OF AERIAL PHOTOGRAPHS •

In cartography, aerial photographs have been considered mainly as an aid to map compilation and interpretation,
and as a substitute for maps where none are available (Dickinson’04). Studies have been most concerned with the kinds
of cartographic information, and the quality of that information, which can be gleaned from vertical air photographs,
and, to a smaller extent , with the less severe problems of interpreting oblique air photographs. The physical properties
of air photographs have been examined in some detail, particularly in those respects where they differ most from maps,
and various tools and techniques for plotting map detail from air photographs have been developed. These are themes
wh ich D,ckin~on’M deals with. Taking measurements of air photographs is called photogrammetry, a technique now
uscd et lensive ly in map making. An introduction to techniques of photogrammetry is providing by Spurr825 , and

covers associated map production processes.

The topic of aerial photographs shares, with others which consider visual search and pattern perception and
Interp retatton for aviation purposes, the difficulties of relating the extensive laboratory work to practical operational
problems . On the whole, the basic laboratory work cannot be presumed to be app licable to real-lif e prob lems. Solutions
which rely solely on such evidence may be wrong, because crucial factors present only in the operational setting invalidate
the lahora tory conclusions. Positive efforts are made from time to time to bridge this gulf (Morris and Hom e’”), with
dubious success in that the avowals of closer collaboration associated with these efforts are generally ephemeral, and
each protagonist continues on his own way thereafter, much as before. The propensity of laboratory studies to examine
variables n isolation, or in highly controlled contexts , also limits the applicability of laboratory findings to operational
environments where the contexts and the tasks are much more interactive and less controllable (Heath147). Findings
such as that of Thornton et al.258 that an individual’s perceptual style, as distinct from any attribute of the visual
stimulus itself, influences significantly his ability to identify targets on aerial photographs correctly, introduce further
complications in assessing the validity of laboratory findings in applied contexts.

Wick land’61 , dealing with new map forms, was mainly concerned with the Pictomap , which denotes photographic
image conversion by tonal masking procedures, It was derived from standard photomosaics, with the addition of
symbolic and alphanumeric data, and the example showed its main advantages and also its problems, such as contour
elevation and variable contrast with background levels. Radlinski’26, comparing in general terms orthophotomaps and
conventional maps, noted that there were no fixed criteria to define the content and format of overprinted symbology
for orthophotomaps, and he suggested that intended usage should largely determine what should be chosen, although
the addition of a great deal of over-printed information would not only cause clutter but would be costly and thereby
negate one of the main advantages of orthophotomaps. He could not therefore cite valid evidence to provide guidance
on how to make the best use of orthophotomaps. He was not primarily interested in their applications in aviation.

Hill’”’ 309,816 , ~~ conducted a series of experiments on the usage and annotation of orthophotomaps for military
purposes. He traced two previous studies, those of Berry and Horowitz5t8 , and of Wheaton et al.504 . The findings from
the former seemed tenuous when subjected to rigorous statistical scrutiny, and the findings from the latter were judged
to have limited applicability because of the nature of the tasks employed. Therefore Hill309 concluded that these
findings should not be presumed to apply to orthophotomaps in general.

One of Hill’s first findings from his own studies was that simple linear annotation of features such as roads and
railways produced significant improvements in object identification, from which he concluded that the identification
of these particular features on unannotated orthophotomaps would be inadequate. It was possible to suggest other linear
features prominent on the orthophotomap, such as field boundaries and hedgerows, with which the annotated features
could readily be confused on an orthophotomap though not on a conventional map, on which they would not normally
appear. Performance at object identification tasks was better with a conventional map than with any of twelve
orthophotomaps, varied by a combination of six kinds of reprographic technique with two levels of cartographic
annotation. Hill5t6 employed a variety of map reading tasks, including object location and identification, terrain
visualisation and height estimation, intervisibility estimates for simulated indoor map tasks, direction and self
orientation, and tield-to-map location and orientation, simulating map tasks in the field. Confidence and preference
judgements were also obtained. These proved to be important by demonstrating that for orthophotomaps stated
preferences were of no use as a guide to objective measures of efficiency.

As might be expected, performance with the orthophotomaps depended on graphic treatments, on environmental
(day or night) conditions, and in particular on what the map was used for. Annotation was generally worth having in
terms of efficiency, to the extent that Hi115t6 recommended that “one important aspect of an orthophotomap which
should receive specific attention in future evaluative studies is that of cartographic annotation”. His studies were
primarily exploratory rather than definitive, and succeeded in identifying topics for further study, without aiming to
provide any final solutions or recommendations.

Smith”5 studied point symbols on orthophotomaps, as distinct from Hill’s linear ones, but he also concluded that
it took longer to extract information from an orthophotomap than from a conventional map. Leos82’ found little to
choose between photomaps and conventional maps in the performance achieved with them by military users, but he
also remarked on the map-task interaction whereby some tasks were performed better with one map type, and some
better with another.
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Some of the psychological processes associated with photointerpretation (Hempenius et al.’04) apply to orthophoto-
maps, and the expectations which they generate in the user may be different from those associated with a conventional
map of the same region. The distinction drawn by Gamezo and Rubakhim’2 between two kinds of imagery, dealing
respectively with images of terrain in two or three dimensions or with schematic reduced elementary models of terrain,
was considered by them to apply to aerial photographs, topographical maps, and imagery derived from memory or from
imagination. It would be expected that such individual differences in imagery and in thought processes would not only
influence the way the individual actually uses an annotated air photograph but also influence the ways in which he is
capable of using it.

The difficulties of annotating air photographs for operational use reveal that many of the problems studied for a
long time with conventional maps have still to be tackled for orthophotomaps. The choice of symbols and codings
including colour, the selection of features for portrayal, the need to maintain adequate contrasts of annotations against
the whole range of orthophotomap backgrounds, the fact that different tasks require different annotated information
and therefore that a multipurpose orthophotomap will tend to become overcluttered with diverse annotations — these
present problems which cannot be resolved adequately on existing evidence. Insufficient research has been done on
orthophotomaps, and the human factors findings about displays must not be presumed to be applicable to them.
Symbols and alphanumerics suitable for conventional maps cannot be applied to orthophotomaps without vertification,
and probably cannot be applied validly at all, since orthophotomaps and conventional maps differ so much in their
coding requirements and in their conditions of use.

Standard procedures should suffice for evaluating orthophotomaps to ensure their effectiveness. A job analysis
is the best means to ascertain what annotation is necessary. Display and coding principles can be used for the detailed
formulation of appropriate symbology. Evaluation is necessary to verify the operational efficiency of the resulting
annotation. Most of this work has yet to be done.

I Sc THE PERCEPTION OF COMPLEX PATI’ERNS AND FORM S

There is a very large literature on the perception of patterns and forms (shapes), much of it testing theoretical
concepts. Its extensiveness owes more to the ease of conducting experiments on pattern and form with a minimum of
resources than to the scientific importance of the topic. Many earlier findings have now been discredited, and many
theories discarded. The simplicity of the experimental material proved to be deceptive. So many interacting factors
influence the perception of patterns and forms that predictions of performance can be difficult even with the simplest
material.

Maps are complex visual patterns: the study of patterns and forms should therefore be relevant to maps. The
longstanding relevance of pattern perception to many military procedures is reflected in a series of monographs
relating the two (Hake’9; Wulfeck et al.’°’; Weiss et al.211; AGARD212 etc.). Map reading is often classified as a pattern
recognition problem but few studies of pattern and form perception are designed to produce results that are directly
applicable to map reading problems. There are three main reasons why the numerous laboratory findings have proved
to be generally useless and often misleading in practical application.s such as maps:

(I) Real-life conditions cannot normally be replicated in the laboratory, and laboratory conditions are seldom
encountered in real-life: perhaps vigilance tasks demonstrate this most clearly.

(2) Experiments conducted to test theories do not seek to include variables of practical relevance, so that if the
theory is shown not to be general, little of practical value remains: there is no universally accepted theory,
and new concepts and frameworks are still being introduced (Gibson”; Haber’28).

(3) Almost all the findings about patterns and forms are now known to be highly task specific: the concept of
an optimum pattern or form for a multitude of tasks has been discredited. No single shape is more
discriminable than all others; no simple index of discriminability has been found; almost all findings are
not absolute but relative, critically dependent on environmental conditions, on tasks , on the visual context,
and on attributes of the individual. These conclusions, at least, probably remain true for maps.

Theoretical studies may or may not employ forms with intrinsic meaning: practical contexts almost invariably
require meaningful forms which can be readily and unambiguously verbalised, whether they are simple familiar shapes,
such as circles or triangles, or shapes for which a meaning has been learned, such as a swastika, the four suits in a pack
of cards, or alphanumerics (Hitt204; Smith and Thomas040; Smith et al.241). Theoretical studies are often concerned
with simple forms at or near the visual threshold and errors are deliberately sought as a measure of performance. Applied
studies can never tolerate high error frequencies, and seek to establish the conditions to be fulfilled to ensure that errors
will be negligible. These different kinds of study may lead to different findings and there is no reason to suppose that
studies of simple visual forms must necessarily yield evidence relevant to maps, with their complex symbology, back-
grounds and contexts.

The complexity of form perception can be gauged from a text on the subject (Zusne2 6 ), or from reviews of the
relevant factors (Hopkin04). Some concepts can cause confusion. Zusne and Michels’2’ found that their notion of
geometry was equated with regularity and with familiarity by their subjects. Sleight”° found that in a sorting task the
disc riminability of a form was not closely related to its simplicity as a gestalt. Figure-ground relationships influence form
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perception (Weaver ’3t); therefore identical forms in different parts of a map may not always be perceived as the same.
A complex spatial integration mechanism may operate when forms are superimposed (Bagrash et al.’32 ). Dimensions
within a form may not be perceived as equal, though they are (Sleight and Mowbray’33 ), nor are the quantitative physical
relationships between length, area, and volume correctly perceived and interpreted (Ekman and Jones ’04). When verbal
labels have to be learned for a set of forms, as in maps, this may improve their differentiation and aid the development
of a categorising process (Hake and Eriksen2”). The more the information needed to specify a particular form, the more
probable it becomes that it may be confused with others (Hochberg and McAlister104).

Baker et al.835 asked subjects to searc h for specific target forms embedded in complex arrays of varying resolution.
Search time increased with the search area to be scanned, and both time and error scores increased as a function of the
difference between the resolution (blur) of the reference (briefing) target and that of the target embedded in the display.
Increased target size reduced errors and times. The important finding was that the absolute resolution of the forms
was of little significance, as long as the resolutions of the briefing material and the search display were matched. This
has obvious relevance to the provision of radar prediction strips to facilitate in-flight radar interpretation; for radar map
matching it would seem to imply that as the map is normally a high resolution image the resolution of the radar imagery
should be correspondingly high. Thurmond and Alluisi’TM concluded that the effects of task variables were large enough
to place serious limitations on the generality of studies of visual form perception.

Form recognition studies are usually concerned with the recognition of cific features, whereas pattern recognition
involves the perception of some overall configurations (McCormick’°’). However, the distinction between a complex
form and a simple pattern is not clearly definable. Compared with a form, a pattern is generally more visually complex.
less readily labelled as a whole, less easy to specify, and more likely to possess internal visual texture. Tasks with forms
usually differ from tasks with patterns, since the form is treated as a gestalt , but the pattern is examined for its internal
details. Thus, findings about forms seldom generalise to patterns, or vice versa , because of task and other differences.

Sekular and Abrams23’ showed that the concept of visual sameness was task dependent. If whole patterns had to
be matched, a kind of gestalt processing could be used, but a different strategy based on serial processing was necessary
to find patterns with the same elements in. The size of the set which includes a particular pattern influences the time
taken to discriminate it (Clement and Vamadoe538), but even when both task efficiency and instructions require single
element processing of patterns , subjects may nevertheless be unable to process them except as visual entities (Clement
and Weiman ’39). It is a mistake to presume in experiments dealing with visual patterns that co-operative subjects will
always be able to obey instructions.

Bush et al.2t7 simulated map matching with radar or infra-red displays in a pattern matching task which required
subjects to search four comparison patterns for a specified standard pattern. Response times were quicker when the
standard pattern was less complex than the four comparisons and slower when the standard pattern was more complex
than the comparison patterns. This means that when a particular target (standard) pattern is being sought in a dynamic
visual field or visual display, generalised briefing aids such as maps are likely to be better cues for search than highly
detailed material such as aerial photographs which are at least as complex as the comparison scene. One explanation
of this finding could be that detailed targeting material places a larger perceptual and memory load on the observer,
than generalised aids, such as maps. Maps display only the most salient topographical features and omit much redundant
and irrelevant detail. Maps reduce the amount of processing of the targeting material that has to be carried out by the
observer, they reduce individual differences in information attended to, and they classify the information into readily
remembered topographical categories by cartographic coding. Thus, pictomaps, orthophotomaps and other forms of
image-based product generally prove inferior than line-maps in comparative assessments using realistic field tasks , and
substantial cartographic annotation is needed to produce near comparable performance (Wheaton et al.504 ; HillSt6 ).
McCormick’°’, referring to Bush et al’s experiment, incorrectly reported that performance was superior when the target
pattern was more complex than the four comparison patterns. Consequently, his conclusion that adding information
to maps (i.e. increasing map scale) is more deleterious to performance than additional information in the aerial view
(i.e. reducing altitude) does not readily follow from the original results, and should be treated with caution.

A satisfactory means of specifying subjective pattern complexity has proved to be as elusive as a satisfactory index
of subjective density of cartographic information on a map. Payne”4 proposed than an objective index of complexity,
based on sequences of elements within the pattern, could be equated with subjective complexity , but when he tested
this hypothesis he found that subjects did not use the same criteria: some used only the main psychophysical variable
of line segments, some used higher order concepts of symmetry and recurrence, and some used both. Cabe’” equated
patterns for statistical information content and showed that they were not judged to be equal in complexity.
Kantowitz 83’ concluded that concepts of pattern, as measured by discrimination and by recognition, were not a simple

• function of information content. Fitts and Leonard’3’ were concerned with pattern recognition, and examined the
effects of learning, redundancy, complexity , orientation (Taylor”7), and visual noise. French’s’04 finding that target
recognition is impaired by increasing the complexity of visual noise may be applicable to maps, but needs confirmation.

Self’04 criticised the detection-recognition dichotomy as an over-simplification. Contrast may influence detection
• time rather than the probability of detection. Contrast , and even resolution, may be unimportant with certain tasks

and instructions. The target background is a critical determinant of detection time, as is the subjective probability
• estimate of the target’s likely position. As a result , initial search patterns may be very inefficient and detection or

recognition prediction models must be complex to be of practical use. They must include some reference to the classes
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• of objects chosen to be fixated during search, and the criteria, such as colour, guiding the sequence of fixations
(Williams20t ).

For certain search tasks, colour coding is beneficial (Smith804); for others it may not be (Smith5”). Stereoscopic
acuity may be poorer for coloured targets which tend to be seen at different visual distances depending on their colour
(Middleton and Parker”°). Colour may not provide a remedy for decreases in legibility associated with overprinted
information (Smith”2). and the effects of colour interact with those of other coding dimensions (Smith and Thomas240)
and are very task dependent (Christ 572).

Williams209 suggested that target location during search depends mainly on target conspicuity as it affects scanning,
and on rate of presentation of the display to be searched. These findings are compatible with those of Enoch52’ on the
effects on search of image degradation, and of Richman et al.”9 on time limitations for searching. Their experiments,
and others, were summarised by Enoch and Fry”. Symbols vary in their recognisability when other information has
been superimposed over them (Williams and Falzon”3). Symbol recognition is impaired as display movement increases,
and impairment may occur first with vertical movement (Williams and Borow”). The rate at which impairment occurs
must depend on the detailed perceptual nature of the moving displayed material and of the target. When the patterns to be
searched are primarily pictorial (e.g. Lipkin and Rosenfeld’9°), it is insufficient to treat the process simply as a learned
visual language (Hochberg”’). The problem of how someone learns to see pictures in a complex one, and any models
of the process, for purposes such as studying and understanding photointerpretas~ion, must account for such factors as
expectancies, methods of observation, filtering, and checking (Hempenius et al.604).

A few studies of maps have contributed towards knowledge of patterns and form perception. Jenks’9’ has
examined the perception of clustering and of proportional increments in the size of map symbols. Dent S~ examined
map reader’s generalisation of geographical shapes in order to understand how the meaning of cartograms could be
conveyed more effectively. The studies of map symbols by Kaponen et al.29 , Lichte et al.” and Ekman and Junge”°
have been acknowledged as contributions to the literature on symbology. Olson5t’ has applied the concept of
similarity to maps. Clarke258 and Makowski573 have dealt respectively with illusory and aesthetic attributes of maps.
Many other examples could be cited. Just as caution is necessary, however, in suggesting that findings from studies of
patterns and fonns may be applicable to maps and should influence their design, so it is necessary in considering whether
these findings about map symbology may apply to other patterns.

I Sd PRINCIPLES OF GOOD DESIGN

In so far as cartography may be considered as both a scientific and an artistic endeavour (Yanosky 874 ), good design
is aligned with art rather than science. Design in cartography is sometimes equated with the artistic impression of the
whole map, and sometimes used to refer to graphic design or attributes of symbology. Robinson’09 complained that
the undue emphasis given to the artistic qualities of maps had led to excessive reliance on subjective aspects of map
design, to the neglect of objective visual tests of the functional utility and efficiency of putative design principles.
Crawford”2, who develnped this theme, noted that progress towards objective map design principles had often been
confined to designs for specific symbols, at the expense of the design of the whole map. There has sometimes been too
much emphasis, in cartographic training, on the technical details of map production, and insufficient exposition of the
nature of graphic communication and of the role of design in facilitating communication processes.

Attempts have been made to provide cartographers with some basic instruction in the principles of graphic design
(Ferens”3), and to relate map design principles to the processes of visual perception (Wood ” ). Choha’” had to
conclude that the graphic arts had failed to rise to the challenge afforded by the design of efficient aviation maps and
charts, and, despite the technical developments in graphic design which he outlined, there seemed to be no major effort
to convert graphic design from an art to a science.

Easterby”3 distinguished the role of the experimental psychologist, who seeks to understand the processes used
by observers in assimilating in formation from visual stimuli, from that of the graphic designer, who ensures that certain
stimuli are effective at conveying information. In a subsequent paper (Easterby551), he examined the proliferation of
graphic symbols, and concluded that efforts at controlling and manipulating symbology in order to convey meaning
and information had not been successful. He noted that graphic design as a discipline is in its infancy, and therefore it
is unreasonable to expect pat solutions to design problems. In designing symbols, an optimum balance has to be struck
between meaningfulness and pictorial quality.

One possible approach to design problems is to examine how people learn to see symbols, which is much more
practicable than trying to study how they learn to see whole pictures or whole maps (Hochberg”’). This approach may
be extended to study how meaning is imposed on symbols, and how judgements are learned of what constitutes a good
or pleasing symbol. Almost certainly, in view of culturally determined aesthetic preferences, judgements of good design
are a matter of learning, mediated by judgements of aesthetic quality which are themselves culturally determined and
hence I 1. Relevant factors may be figural goodness and figure-ground relationships (Hochberg and McAlister8M),
and pe. ~al clarity (Dodwell’25 ). Design must be related to function, and in considering, for example , the design
of typefa ~s, it is necessary to consider the various functions of map lettering (Bartz”). In many cartographic contexts ,
the way colour is used has a dominant influence on judgements about the map design (Makowski573 ; Yanosky5’9).
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Mental images of maps (Gould045 ) might be expected to have some influence on judgements about map design, in
that a good design might be one in conformity with mental images and subjective thought processes about maps. The
influence of mental imagery on concepts of good map design does not seem to have been examined. Studies of the discrim-
inability and meaningfulness of symbols do not normally take cognisance of principles of good design. It is serendipidous
if symbols selected for their discrimitiability also please. The problems of quantifying and assessing the factors which
contribute to good design, and of establishing how universal the concepts of good design are, have still to be solved in
relation to maps.

I Se PSYCHOLOGICAL THEORIES

Psychological theories are potentially of great value, but actually of very limited use, in relation to maps generally,
and to aviation maps in particular. It would be reasonable to suppose that theories of perception, of learning, of• attention, of memory, of information processing and of communication would all be most helpful, and that other more
specific theories, such as signal detection theory and personal construct theory, could provide useful frames of reference
and insights on how maps should be designed, or used, or evaluated. But the fact remains tht the practical assistance to
cartography afforded by psychological theories has been negligible; it there fore behoves the psychologist to account for
this failure, and to indicate the circumstances under which psychological theorising could make a worthwhile contri-
bution.

Some of the explanation lies in the methods of theorising. Psychological theories are built on evidence which is
generally obtained in the laboratory and not in practical work environments. The relevance of psychological theories to
practical situations is therefore curtailed by the same factors which Chapanis”2 identified when considering the relevance
of laboratory studies, and which can be summarised as an insufficiently close approximation to real-life. However, the
litter of discarded, discredited, abandoned, or inadequate psychological theories points to a deeper malaise, which has
led to critical examination of theorising as a process, and to a questioning of the intentions of psychology as a discipline.

Psychological theorising seems wayward, to the extent that it deliberately eschews practical evidence from real-life
environments and relies on data gathered in articifical iaboratory settings, thereby posing the dilemma that any theory
will be applicable to real-life environments only if their commonality with the laboratory can be demonstrated. Psycho-
logical theories adopt an analytical and simplistic view of behaviour, with the result that theories deal not with man’s
entire behaviour pattern but with fragments of it, so that concepts like map reading or visual balance are too complex
for many theories to handle. Theories generally give an inadequate account of both the unity and the continuity of
behaviour.

Theoretical formulations which specify man in the same concepts as machines saddle the psychologist with the
logical problem of having to explain, within such formulations, why pe3ple and machines are not constantly confused
with each other, and they reveal the inadequacy of the formulations by demanding recourse to concepts outside them to
explain something so simple. In the practical world men and machines are very different behaviourally — in speed, in
errors, in mobility, in data handling, in innovation etc. — to the extent that communication between them poses major
difficulties. Consequently, any theory which describes man and machine using the same concepts must be out of touch
with many practical problems. This is not a discussion of the age-old puzzle of man as wilful or deterministic, having
a free will or not. It is to state the practical point that if man is himself a machine he is not like the machines which
men make , and psychological theories which suppose he is are barren of practical application.

Much psychological effort has been devoted to ptediction and control rather than understanding. Reported findings
are expressed in terms of their signitic~nce ‘i. iich refers to a statistical association, and does not necessarily imply any
causal connectior or the oirechj n of such connection, although unwarranted causal links are often imputed to the data
from exiaerimcnts. General answers are required, and individuals whose behaviour departs from the rule are a nuisance
of an irrelevance, but not a stimulant to greater understanding. Thus, even when a finding becomes generally accepted,
predictions may be made from it, and control over behaviour may be exerted by using it, but little attempt is made to
understand it more deeply, or to rt.late it to man as an innovative initiator of events rather than to man as a receiver
and processor of information.

Mechanistic modelling of behaviour is falling out of favour in some circles, partly because such models often have
the wrong logical structure and partly because simple temporal and spatial transformations are inadequate to account
for some known phenomena such as the persistence of a recognisable visual pattern through changes of size and
orientation. Some phenomena, such as imagery , are essentially subjective, not wholly explicable by behavioural
deduction or theoretical analysis (Sheehan252 ; Downs and Stea 290).

Although the utility of current psychological theorising for solving or providing enlightenment of cartographic
problems therefore seems severely limited, nevertheless a brief review of some theories of potential relevance may not be
amiss. Cognitive mapping, originally an aspect of learning theory (Tolman’8), has been broadened to embrace perception
and decision-making (KaplanSto) and adaptation (Downs and Stea 8tt ), though the concept of a cognitive map is some-
times a linguistic convenience rather than one which can provide guidelines for compiling conventional graphic maps,
though this transition is possible (McCleary ”3; McCleary and Westbrook”4 ). Cognitive maps may be related to concepts
of geographical orientation and navigation (Oatley276 ), and to non-visual sense modalities (Griffin”). Theoretical
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explanations are commonly sought for empirical findings on cognitive mapping (Hart and Moore297’ 298). M c h  of the
literature on environmental perception has been reviewed by Kameron”8.

Of all the theoretical formulations used in psychology, Information Theory has had probably the widest application
• in cartography so far. It has been used to derive theories of cartographic communication (Board”’ ; Kolacny”3;

Muehrcke47t ; Ratajski”’), to provide a means of measuring the information content or capacity of maps (Srnka476 ;
Sukhov478 ; Balasubramanyan204 ; Frolov and Maling’”; Molineaux477) and to measure the information communicated

• by map symbols (Taylor” tOO). Alternative theoretical models exist, such as those based on Venn diagrams
• (Morrison473”4 ; Robinson and Petchenik459). These are claimed to be more appropriate to cartography, but their

interpretation relies much on the use of terminology from Information Theory, e.g. information, information transfer .
redundancy, noise. Information theory has generally made only a limited contribution to understanding the process of
map perception for the reasons expressed by Green and Courtis”. In order to apply Information Theory to analytical
procedures there must be an agreed alphabet of signs with known objective probabilities of occurrence, perceived in a
known linear sequence. One can analyse symbols viewed in isolation (Taylor” iso ) or one can impose a linear sequence
on the perception of the map, but both completely distort the normal situation and therefore have limited predictive
validity. Analysis of the information content made by superimposing grids and counting filled cells (e.g. Sukhov”5;
Taylor and Hopkin’8t ) may provide an index of information density but this totally disregards positional information
and offers no solution to the problem of equating the information content of one symbol as opposed to another
(Robinson and Petchenik’59 ).

Pictures do not lend themselves to theorising as well as patterns do, and therefore have been studied less by
psychologists, although it could be contended that they are of greater practical interest. Gibson”’ attempted to develop
a theory of pictorial perception, and some studies have emphasised the importance of perceiving edges and surfaces in
seeing pictures (Hochberg”’). Gibson~t came to believe that the layout of surfaces relative to the observer and to one
another constitutes what is perceived; for terrain, the amount of optical texture corresponds to the amount of perceived
surface; perception relies on the persistence of visual discontinuities through time, and it implies movement by the
perceiver within his perceived environment. The implications of these conclusions for map design merit detailed study.
His ecological approach to perception has implications for the contending inside-out or outside-in view of the environ-
ment (Stea and Downs92 ; Kelly et al.”9).

A promising application of psychological theory to maps is in the basic psychological laws of discrimination
(Stevens ”6), and their posited extension into other realms (Stevens’04). The question of the validity of these laws has
become enmeshed in a theoretical dispute on facts and their interpretation, where it matters little in practical terms
whether the contending theories are right or wrong (Wagenaar”1). The theories have been a hindrance rather than a
practical help, since either can be considered as a practical guide, provided the effects of context are acknowledged (Ross
and DiLouo”°). A better guide is the work of Williams829’ “s’ ~~°, and the practical studies of Wright ’8t , Crawford”3
and Lund788 . Perceptual theory has been used as a basis for designing practical symbols (Easterby23t ) but is not
regularly applied in this way.

Psychological theories have been greatly concerned with search and detection. From the point of view of map
design, most of the studies on which various theories are based relied on visual material so much simpler than maps that
the validity of the theories must be dubious in map contexts. Attempts to quantify and specify stimulus dimensions do
not manipulate the same variables as those in maps and can lead to inconsistent results (Brown and Michels’5t). Basic
axioms of theories of discrimination learning (e.g. Trabasso and Bower’82) have proved to be too simple to account
adequately for observed discrimination behaviour without considering stimulus interactions (Spiker’53). Searching for
positive (present) targets or negative (absent) targets gave results which did not fit theoretical predictions (Brown and
Chick’”). When tested , the meaningfulness of symbols did not prove to be related, as expected , to their visual
complexity (Farley ’58), but the relative meaningfulness of symbols may lead to differential search times according to
the meaningfulness of the symbol that is sought (Organi”'). Searching is also a function of psychophysical variables
such as contrast (Bergstrom and Franzen851), and search time is influenced by information density, coding and the
presence of irrelevant information (Landis et al.”3; Krueger’88). Sometimes redundant information may facilitate
processing, perhaps by parallel processing of different coding dimensions (Biederman and Checkosky ”5). Symbol
recognition is influenced by the size of the symbol set to which the required symbol belongs (Royer’59), by the extent
and nature of any symbol degradation (Sternberg”’), and by the required task , such as deciding whether symbols are
the same or different (Nickerson304 ). Some theories of search include the effects of search strategies (Howard and
Bloomfield”°).

A further theoretical concept concerns the relatedness or independence of symbols. Perceptual independence
may relate either to stimuli which are perceived as independent of each other (Gardner and Morton”’), or to stimuli
which have been processed independently in terms of their information content (Leeuwenberg”3). Independence
may be influenced by the expected interference between sequences of retinal events , because of the relatively slow
receptor response to rapidly changing inputs, and the mechanism required to achieve perceptual clarity (Dodwell’25).

As stated at the beginning of this section, it would be expected that numerous other kinds of psychological theory
would be pertinent to map design, but they in fact are not , mainly for the general reasons indicated. It is therefore
potentially misleading to select further theories and examine them for their potential relevance to aviation maps, since
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the choice of theories would be in some respects arbitrary, and those which may prove useful have been considered where
they are likely to be most pertinent , for example in relation to maps as a language.

1Sf FINDINGS FROM OTHER DISCIPLINES

The theme of this volume, and indeed its title , is multidisciplinary . In the future , most accept able solutions to
problems of aviation cartograp hy will probably also be multidisciplinary. Each specialist has trouble enough in keeping
his own theoretical knowledge and practical skills up-to-date , without trying to achieve this for the disciplines of others ;

• yet each must understand other disciplines well enough to appreciate their problems and their scope , and to relate
successfully to them. The human factors specialist without adequate cartographic support , and the cartographer without
human factors support are both handicapped thereby, compared with those who can call on interdisciplinary effort. It is
rare nowadays for any one person to know everything that is relevant to the solution of a problem. An interdisciplinary
approach does not entail a surrender of responsibiitiec , or a usurping of others’ functions, but an acknowledgement that
each discipline represented has a contribution to make in its own right, because of its specialised knowledge.

As the ramifications of a problem become explicit, the range of relevant disciplines is extended by additions and
sub-divisions. Starting from human factors and cartography, the value of contributions by aircrew map users is
evidence, and also the role of planners of future aviation systems. System requirements point towards a useful role
for system analysts and for operational research specialists. Developments in display tecltnology and in map production
technology , indica te the relevance of engineering science;electronic , mechanical , chemic al and aeronautical, and various
subdivisions thereof. Further developments introduce computers, with hardware , software , mathematical and physical
spec ialists. Human factors contributions may become multidisciplinary, including not only psychology and physiology.
bu t extending to specialists in lighting, in modelling, in design, in typography, in languages etc. Cartographic
contr ibutions are expanded , to include various kinds of geographer, and those with specialised knowledge of geology,
geometry , topology etc. A useful contribution can also come from those concerned with scientific methods,
explana tions, and logic.

While it is obviously quite impractical, and unnecessary , to call on so many specialists every time an aviation map
is designed, there is an implication which is often overlooked: sources of relevant information are very widespread and
dispersed. Data pertinent to aviation maps may be found in the publications and professional journals of a large number
of disciplines. The role of other specialists may be to understand mapping problems sufficiently to recognise and draw
attention to this information, which otherwise would be lost. Potentially relevant journal articles and sources can be
numbered by the thousand. Key word indices are of limited value, since many disciplines do not share the sam e key
words. The references in this volume both illustrate the diversity of relevant sources, and demonstate the impossibility of
tracing them without specialised help and interpretation. The present authors therefore have settled for brief descriptions
of potential sources of useful information, since a detailed evaluation of each specific source is beyond both their
resources and their competence.

If a human factors problem related to aviation cartography is proving difficult to solve, a wider search for relevant
information may be fruitful. It should, however , be accompanied by an informed specialised interpretation of the
information, since a rationale for demonstrating its relevance to a particular problem in aviation mapping is necessary,
given that findings do not usually remain valid in different contexts. It is also necessary to acknowledge that some
problems may have no solution, and the inability to devise or discover a solution to a human factors problem should
not be treated as an admission of failure if all reasonable procedures and searches for a solution have been exhausted ,
but should be accepted as pointing towards the ultimate conclusion that no satisfactory solution may exist.

Aviation

One definable source of pertinent information lies in other branches of aviation, not normally concerned directly
with maps. These include the following:

I - 
(I) With aviation medicine, many of the issues which affect aviation maps are discussed in relation to other issues.

Examples include colour vision requirements, endurance and fatigue, the effects of the physical airborne
environments on performance, and items of protective clothing and equipment which affect map handling.

(2) Reports of accidents or incidents during flight, and subsequent discussions in the flight safety literature,
may indicate failure in map design, reading or interpretation as contributory causes of navigational errors.
and alert the cartographer or the human factors specialist to deficiencies in map specification or production,
in map training and understanding. This presupposes the selective dissemination of the appropriate flight
safety reports.

• (3) During flight training, conversion courses , and other occasions when aircrew are under instruction or being •
assessed, numerous events may reveal inadequacies in map usage, or incompetence on the part of map
users. The cause may lie in the map itself, in the way it is explained to users, or in the individual user. The
body of evidence obtained from numerous instructors’ reports on navigation exercise may assist in assigning

• the cause and in proposing the remedy.
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(4) The general aircrew literature , and numerous aviation journals, provide guidance in articles and correspondence
columns of attitudes towards maps, and towards cartographic and technological changes which affect map
usage. They may also reveal whether general attitudes towards the job or its conditions extend to maps, and
whether attitudes , favourable or unfavourable, apply to all maps or only to a particular series or a particular
role. It may be pointless to interpret adverse comment about a map as requiring urgent revision of the map, •

if the adverse comment is not specific to maps at all but calls for much more general solutions.

(5) The wealth of evidence about the surface of the earth now being gathered from satellites (Estes and Senger”2;
Harris~ 3) may provide a new visual frame of reference against which maps are judged. Users may come to
expect a map base which looks more pictorial or photographic, and presuppose that a highly symbolic map,
being further removed from their notion of the real world, must therefore be less efficient. They would not
normally be aware of evidence that such a supposition would probably be wrong.

Cartography

A further source of relevant evidence may be new approaches to cartographic problems or developments in other
disciplines which may affect cartography. These include the following:

• 
(1) The approach which Bartz80’ applied to typographic legibility in relation to maps could be extended to other

topics, such as colour coding, linear perception, symbology, or information density. Her critical appraisal
of the literature on typographic legibility led to the conclusion that most of it was probably not applicable
to maps because reading a map was very different from reading a text. Similar conclusions could probably
be drawn for other topics.

(2) A psychological appraisal could be made of cartographic design standards and of the scientific validity of the
processes by which they are reached. It may be profitable to gauge the extent to which certain aims of
design standards, such as the visually layered separation of information within the map (A bms490), are in
principle attainable.

(3) Modern computer methods could in theory be applied to cartographic data to derive or interpolate
operationally significant information not normally available for mapping. One example would be the
derivation of ridge lines, and their depiction. Such interpolated data may require different conventions
for its depiction, either to denote that it is interpolated by computation, or to give visual guidance on its
quality and on the reliance to be placed on it.

(4) The urge to seek explanations for maps, their functions and their design principles, is an aspect of a search for
explanatory concepts among the geographical sciences, epitomised by Harvey’s text 465. Ideas on the role of
maps may be developed by speculating about them (Robinson and Petchenik’59), or by viewing them in
relation to recent geographical literature as a whole (Harris~ 3).

(5) The scientific method may employ a variety of languages, often with a mathematical basis. The artificial
languages of science, as distinct from natural languages, employ many abstract concepts and rigorously control
their usage. Each sign in the language has a fixed function which should bç unambiguous, not subject to whim
of interpretation. Such signs are used to build systems of relationships, which need not have empirical
equivalents, but which are intended to be universally valid. Artificial languages are therefore unambiguous
in themselves , but may become ambiguous if subjected to unwarranted or extended interpretation. A map
is the geographical equivalent of such a language, and therefore should possess its main characteristics, and
be amenable to study as an artificial language (Harvey”3).

Human Factors

Relevant evidence may also be gleaned from human factors probleiiis not normally related to maps, and from
• technological developments which generate problems analogous to those of human factors. These include the following:

(I) Algorithms for the generation, recognition, analysis and classification of patterns by computer, and the• conversion of patterns from analogue to digital form, suggest methods for describing patterns and forms in
quantitative terms, and for specifying quantitatively the similarities and differences between them. How far
the consequent magnitudes of change accord with subjective impressions would have to be established if maps
were subjected to these procedures, and it would be expected, from the conflicting evidence on Fechner’slaw , that the relationship between objective and subjective changes could not simply be expressed as a linear,
exponential or geometric transformation. Nevertheless, starting from computer specifications of patterns,
it might be possible to derive rules for quantitative relationships which would predict discriminability, search
performance, or recognition probability sufficiently well for operational performance to be deduced, or for
judgements to be made on the pattern and form specifications which would be necessary for a designated
level of operational efficiency in task performance to be achieved.

1~ - -~~~~~~~~~
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(2) Patterns derived frotn other sensors also have to be analysed and interpreted. The advent of many new sensors,
in aviation and elsewhere, means that principles for their interpretation have to be defined and taught. Some
may employ principles which are shared with maps, or with collateral material used in conjunction with maps.
Some may illustrate failings or limitations in pattern perception and interpretation , which may be genera l and
apply to maps also.

(3) Occasionally, maps are cited as analogous of other processes, or as having affinities with them. An example is
Bartlett’s” use of sectional map reading as an analogy of scientific experimentation . In his consideration of
adventurous thinking, he illustrates common decision making proccsses in scientific experiments and map
reading, and compares some conditions, where all the information available is pertinent to the decision, with
ot hers, where the available information may not be fully adequate for the decision. Such studies, though not
intended as a contribution towards the study of maps, may nevertheless be a sourc e of useful insights and
hypot heses in map des ign , usage and evaluation.

L
(4) The human factors literature, in dealing with the aetiology of errors, seeks general practical solutions to

problems, but must also be concerned with the conditions which may lead to an increase in errors in the
individual. Some individuals may simply make more errors than others, in map reading as in other tasks , due
to differences in ability, in interest , in persona lity , in knowledge , in experience , in age, or in other attributes.
But the propensity of an individual to make errors, or to show other performance decrements such as delays.
omissions or a lack of accuracy, precision or consistency, is broadly associated with other variables which
can usually be related in some way to time, and expressed accordingly. More specifically, an individual’s
performance can be expected to depend on how long he continues to do the task without a rest , on the
nature , length and distribution of rest pauses, on the scheduling of work-rest cycles, on their interrelationships
with circadian rhyt hms, and perhaps even on biorhythms of longer duration. Optimum work scheduling
depends also on the nature of the task and on how demanding it is, but normally performance of map reading
tas ks would be expected to relate to such factors , in the individual and generally, and to have some potential
for enhancement by optimum times scheduling of work periods.

(5) The processes of reasoning, problem solving, and designing in map making and map reading can be studied
as psychological processes. The decision making processes in arriving at a map specification are themselves
amenable to study, with a view to assessing their logicality, objectivity and efficiency. The factors which
apply to other kinds of decision making would be expected to apply also to decision making in mapping, so
that decision theories may not only be applicable to studies of map content but may also be valid for certain
stage s in map specification , production and evaluation. The psychologist’s met hods for measuring decision
making, problem solving, and other functions may be applied to the many cartographic activities in which
these functions are represented, and may enable an optimum to be established so that the efficiency of
various activities can be measured, and sources of inefficiency identified.
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CHAPTER 16

THE APPLICATION OF HUMAN FACTORS PROCEDURES TO AVIATION MAPS

l6a STAGES OF HUMAN FACTORS CONTRIBUTIONS

In general, the most significant applications of human factors knowledge occur early in the evolution and design
of a product , before major constraints have curtailed the decisions that can be taken. This is as true of maps as of’ other
products. However , the timescale for producing maps is long, and changes to existing maps are more difficult to
introduce than changes to most other items. In many other contexts it is possible to change an inadequate display,
control, communication link or other component and leave the remainder of the system substantially intact , whereas
most changes to a map require the whole map to be remade, and a large part of the production cycle to be followed
again. If new evidence becomes available at a late stage in the production cycle, it may therefore be unusable until the
sheet is due for revision when the information may already be out of date. It also follows that the evidence must be
correct , since it may be impossible to retrieve the consequences of faulty evidence once it has been incorporated into
the production process, particularly when the printing stage has been reached. Careful planning and co-ordination of
amendments with revision cycles are nec~ssary to maintain an up-to-date accurate product and to prevent wastage due
to over-production.

The most influential human factors recommendations must necessarily be expressed in general terms since they are
made at a stage in the design of the map when none of its details have been settled and there is not yet anything specific
to make recommendations about. Although much of the practical knowledge gleaned from theoretical and applied
experimental studies is quite specific, these more general decisions will determine whether it could ever become relevant
at all.

An aviation map is intended for a purpose, or , more usually, for many purposes, Its specification must, if possible.
meet operational requirements . Effective human factors advice may be tendered during the formulation and development
of operational requirements. It is pointless to write an operational requirement which cannot be met because of some
fundamental human limitation , and the ca rtographic implications of any proposals should be explored to ensure that
the requirement does not entail any tasks or procedures which are beyond human capabilities or which require carto-
grap hic support which is unattainable. At this stage also, research needs can be identified early enough to complete
experimentation in time for its findings to be implemented in the final product. Sometimes it will not be possible to
state whether a specific task could be done or a satisfactory solution to a given problem could be found. Currently, for
example , in relation to the problem of reading maps through image intensification passive night vision goggles, the
levels of performance that could be achieved with optimised mapping and training cannot yet be fully stated , because
many intervening problems have yet to be solved. Similarly, cartographic solutions to the problem of interpreting
combined radar and map displays can be devised and proved, but without any great confidence that the best solution
has so far been found. During the formulation of operational requirements which need ca rtographic support , the human
factors consequences of the proposals have to be identified and made as explicit as possible. General knowledge about
human capabilities and limitations and about principles of information display needs to be combined with more specific
relevant findings to permit conclusions and deductions about task feasibility and research requirements .

After this stage has been reached, and the objectives of the operational requirements have been accepted as feasible ,
human factors advice becomes more concerned with how they should be met. The emphasis changes from stating what
knowledge could he applied to actually applying what is known. At this stage, the question may still arise of whether
a map is the most appropriate means of fulfilling a requirement , and the map should be viewed as one of a series of
alternatives. For example , it may be envisaged that the operational requirement must include some form of continuously
generated display of the terrain over which the aircraft is flying, e.g. a TV monitor picture, a side-scan radar or an infra-
red Iinescan. This in turn may require some form of collateral material and preflight briefing information to facilitate
in-flight interpretation. But it may not be clear whether , for greatest operational efficiency, this collateral material
should be cartographic or photographic in origin, and , if cartographic, what information should be selected , how it should
be portrayed, or whether it should he in paper or projected form. The implication however is that the problem can be
solved. The aim is to find the best solution or, at least , an operationally acceptable one.

Initially, the main emphasis is on human abilities and limitations, and on methods for utilising potential and
circumventing limitations. At each stage , it is necessary to decide whether a particular task is feasible, before progressing
to detailed considerations of how it should be done. It must be established that a man could perform each task in
principle, before there is any point in devoting effort to deciding his information requirements. It is futile to provide
information without ascertaining that it is in a form which the man could use. If the interpretation or understanding of
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the portrayed information requires specialised training or knowledge on the part of the user, he must be able to acquire
the necessary skill. Even though a map specification and the resulting product are intelligible to a cartographer , it does
not follow that aircre w will appreciate all the coding distinctions and meanings that have been judged to be necessary
for the task. Therefore , to some extent , one human factors contribution is to bring the point of view of the user to
the design stages of the map.

A further contribution is in testing the soundness of proposed solutions to cartographic problems, using empirical
methods rather than relying solely on expert opinion. This is not to decry the cartographer ’s opinions, often well-
founded on a basis of detailed knowledge and long experience , but it is to recognise that such opinions may become
entrenched through time and tradition, and that technological advances may reduce their validity. If the opinions rest
on a basis of sound fact , they can only be strengthened and vindicated when they have been certified empirically.
If they do not have a basis of factual evidence , then their value for the user, and his efficiency when using them, must

be impaired and it becomes essential to discover how they are justified. A forthrightly stated opinion may be backed
by no evidence. This can be a particular difficulty when attempts are made to reach international agreements on map
specifications which require hitherto incompatible cartographic traditions to be melded , and subsumed under a
common standard . He who voices the most insistent opinions may be listened to most, but this is not a satisfactory
way to produce a good map.

Differences of opinion among human factors specialists on how they can help to solve cartographic problems are
not large, and agreement can normally be reached on whether a given finding about maps should be treated as valid.
Because the human factors specialist is not directly involved with the aviat ion map as the cartographer and the user are ,
his advice about its design can more readily be accepted as impartial, since his role can be seen to deal with establishing
facts and applying them objectively , rather than defending an entrenched conviction which may be impossible to sustain.
The human factors specialist can therefore contribute a great deal by remaining scrupulously impartial , and by being
seen to be so.

1-luman factors evidence on the user’s requirements often comes in the form of a task analysis. This includes
deductions on the functions which the map must fulfil, the information it must contain to fulfil those functions, and
the formats needed to ensure intelligibility . The task analysis must consider not only the tasks which are done with
existing maps , hut further tasks which could be done if appropriate cartographic information could be provided in useable
form, or which are implied by new operational needs, new display technology, or new cartographic developments. This
process can be quite straightforward if a map is intended for one task only or for a limited series of functions. It becomes
more complex as further envisage d functions are added, requiring ever more information to be shown on the map. Each
task will r’ quire a different selection of relevant information from the total information portrayed, much of which will
he irrele’ ant for sonic tasks , though essential for others. Consequently, not only does a multiplicity of tasks lead to
a high density of information on the map, but the differing information requirements of differing tasks mean that
simple principles for conveying the relative importance of information for the user cannot be followed for every task.
Either some information vital for certain tasks will lack adequate visual prominence , or a loss of visual balance will be
associated with excessive visual competitiveness of various information categories. The task analysis will serve to
demonstrate any universal information priorities, common to all tasks , and it will reveal when the required functions
have become so numerous that the resulting cartographic problems of density and portrayal no longer have an acceptable
solution.

A task analysis may be conducted at various stages during the planning and production stages of a map. During
early stages , though it cannot be detailed, it may provide guidance on the kinds of task which could be done, and give
an early warning of functions unlikely to be fulfilled. Later, during the production stages, its purpose has changed
since design modifications are no longer possible, but specific detailed recommendations on functions for which the
information on the map will prove to be inadequate can then be made. At intermediate stages, the conclusions from the
task analysis become progressively less general, more specific and more detailed, as the information which will appear
on the map becomes more closely defined in content and format . In principle, the task analysis can be used to show
what information needs to appear in a useable form on the map if functions are to be fulfilled, and can also be used

-• to list the functions for which an existing map will or will not prove to be adequate. The reason why this is possible
only in principle is that the task analysis must to some extent assume that the problems of finding an adequate means
of information can be satisfactorily overcome , and that the user will be able and willing to acquire the necessary
knowledge , training and skills to make effective use of the information. The task analysis can go some way towards
identifying the skills and abilities which the user should have , but it will not normally provide sufficient information
for a training schedule to be devised on the basis of the task analysis alone.

It is necessary to establish what information is needed before finalising the methods for its port rayal. Occasionally.
difficulties of portrayal may pose insuperable display problems, particularly visual clutter , which may warrant some
reappraisal of the tasks to be performed and the information needed, but a main criterion of successful portrayal is that
it meets operational needs, and if possible it should do so. One human factors contribution is to relate what is known
about principles of visual information display and interpretation to cartographic production methods, conventions,
and traditions. Knowledge of the meaningfulness and d’~scriminability of various coding dimensions can guide the
categorising and subcategonsing of cartographic data. Principles of perceptual organisation can indicate what will be

• perceived as a visual entity, as visually related , as figure or as ground. Coding dimensions can be assessed for their
suitability for fostering desirable visual similarities and differences. Errors in the transmission and interpretation of
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visual data can be examined in relation to map information categories. The impressions of quality and accuracy of
information, which symbols may deliberately or inadvertently convey, can be set down, and the method of coding can
be adjusted to avoid any potentially misleading consequences. Principles of visual interactions and interference can be
stated , and their cartographic implications explored, and even compensated for. The extent to which meaning is
conveyed by coding, and the extent to which it is attributed to a coding, perhaps wrongly, by the viewer , can be defined
to minimise such errors of interpretation. How much the user needs to know and remember in order to interpret the
map correctly can be specified, and to some extent the map may be designed to aid his memory, if the resultant training
and memory loads are judged to be excessive.

The visual portrayal of information may be adjusted to facilitate the performance of non-visual tasks revealed by
the operational requirements and task analysis. Tasks with a major memory component are an example where symbols
that are easily recalled may be preferred (e.g. pictorial symbols). If it is envisaged that the user must send or receive

• cartographic information verbally, then verbal representations may be preferred (e.g. place names). A further aim may
• be to help the user to develop accuracy and speed in map usage . If visual tasks require matching the map with other

displays, the map design may be modified to facilitate matching. Sometimes existing knowledge will prove inadequate
for practical recommendations, either because it does not exist or because of uncertainty on how far apparently
pertinent findings can be generalised.

A further stage at which a human factors contribution can be made is in the collection of relevant evidence to
enable a decision to be made on the most appropriate method of cartographic representation. Human factors brings a
knowledge of valid methodology for measuring and assessing the performance of individuals, and their capabilities
and limitations. It also brings a knowledge of the nature, extent and causes of individual differences. Thus, not only
the kinds of measures needed to provide a correct answer can be stated , but also the commitment in experimental
resources which would be needed to obtain experimental findings at an adequate level of confidence. The experimental
material required to obtain an answer within the limitations of cartographic technology can be specified. The relevance
of alternative kinds of data — performance , subjective, physiological, etc. — can be assessed. Alternative techniques
experimentation , modelling, psychological tests, questionnaires, etc. — can be compared and evaluated. Theoretical
frameworks — decision theory, information theory, signal detection theory , gestalt theory — can be examined in terms
of their descriptive and explanatory value. Specifically psychological techniques — projective testing, semantic
differentials, repertory grids, operant conditioning — can be appraised.

A final human factors contribution can be made towards the assessment of the map in use. Its usage may be
evaluated in relation to its objectives, be treated as a factual descriptive process, or be examined in relation to proposed
extensions of use beyond the original objectives. Usage also depends on the physical environment , and on the skills,
training and knowledge of the user. Usage may be examined in relation to a particular development (moving map
display), a particular constraint (severe vibration), a particular type of mission (low speed low level at night), or an
envisaged map revision. Data on how the map is used can assist the planning and evolution of new map series for
future operational ro’es requiring maps, where the questions of whether cartographic information is necessary , and
if so what form it should take , sta rt another cycle of human factors contributions to the development and evaluation
of aviation maps.

l6b SEQUENCE OF CONTRIBUTIONS

The application of human factors principles to maps typically requires a sequence of specialist contributions to
each map. In practice, the human factors specialist can expect to be working concurrently on severa l maps. Therefore
at any one time he deals with several problems at various stages in the sequence of his contributions, as each stage is
reached with each map. However, the sequence of human factors contributions is best understood by considering
a single map, and describing his contributions to it in the order in which they are made.

Identifying the Objectives

Any map, whether in paper or other form, has a series of objectives to fulfil. The first contribution that human
factors can make is therefore to the statement of objectives. These are derived from operational requirements. and
interpreted in relation to operational experience with existing maps , particularly those with comparable objet ~ves.
The feasibility of any proposal is judged according to known capabilities and limitations of users. These may be
expressed by fundamental concepts, such as perception, attention , learning, memory, skill, and information processing,
but it is also necessa ry to estimate and take account of the probable enhancement of abilities following appropriate
training to gain relevant knowledge and skill.

Known attributes of the user may be related at this early stage not only to the map itself, in terms of its design
and content , but also to the circumstances of its use as stated in the objectives or implied by them. For example ,
if the map must be projected, interpreted in relation to briefing material , used with a collateral display, viewed under
red ambient light or through goggles, or employed in a vibrating environment, such factors may profoundly affect
the feasibility of producing a map to meet the required objectives. They must therefore be thoroughly appraised 

•while the objectives are still fluid. If the available coding conventions are severely curtailed, the map may retain
little practical value. A monochrome map, for example , cannot have comparable levels of detail to one with full
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colour coding, without incurring severe penalties in the time required to interpret it , in the unlikely event that the
resultant problems of portrayal can be circumvented.

A t the earliest stages, therefore, human factors may advise that the objectives envisaged for a map are unattainable.
Obviously, there is no point in devoting time and effort to evolving and writing a specification for a map, if the viability
of the whole project is suspect. Its viability is established by using general existing knowledge on human abilities in
assoc iation with evidence derived from cartographic design and practice and from practical guidelines on display design.
coding, communication , information processing, and display interpretation. This existing knowledge includes not only
what the users can do, but also what they could ultimately learn to do. in the light of what is known about their existing
skills, training, knowledge and experience , and the magnitude of individual diffe rences between them. At this stage , there
is no map. However, this stage is emphasised here because in practice it is so often undervalued. With hindsight , if a map
has failed to meet its operational requirements , it is often realised that this could have been foreseen if the opportunity
to deduce the human factors implications of a proposal had been seized , and the consequent human factors problems
had been identified, stated , and shown to be insuperable. Thus the first human factors contribution is to say whether
a proposed usage is viable at all.

Defining the Objectives

If a proposal seems to be viable , then the next stage should be to ensure that the objectives are written in a way
which takes cognizance of their human factors implications. This again sounds self-evident , but it is seldom done. In
particular, it is usually possible to identify at this stage topics on which more information must be gathered , either by
experimentation or other methods such as task analysis or consultation with proposed users. It may not be possible
to say whether or not an objective is feasible , or, more commonly, to what extent or under what circumstances it will
remain feasible, but it usually is possible to be quite specifi c on what the elements of uncertainty are . These should be
defined as early as possible, since the time-scale for gathering the relevant information to establish feasibility may be
quite long, and it is essential to do so thoroughly before too many resources have been committed. This constraint
can be particularly important if any experimentation with cartographic material is envisaged as necessary to obtain the
data , since the design and preparation of special cartographic material is itself a protracted process . There may . however ,
be no alternative means of settling the issue validly.

A statement of proposed objectives should include the details of the envisaged operational conditions under which
the map will be used and the functions it will serve, to enable deductions to be made about the human factors implica-
tions and the consequences for map content and design. This analysis should also be made as early as possible, before
or soon after the statement of objectives. It is necessary to know what a map is for before it is possible to state what
information should appear on it. It is necessary to know the complete range of envisaged uses for the map, before the
information needed to fulfil every role can be adduced. And it is necessary to adduce all this information before judging
whether the implied level of cartographic detail is excessive or not. If it appears to be, then several alternative actions
may be taken , and these can be stated. They include using a larger scale of map to enable all the required detail to be
accommodated , though the map production implications of such a choice are formidable. They also include a
reappraisal of the objectives , with a view to revising them until the resultant cartographic information requirements
are no longer excessive. They include a reallocation and regrouping of objectives, so that they are divided between
diffe rent series and are all fulfilled, but not all by the same map. A variant of this is to introduce a series of related
maps with common base data but with a choice of overprinted material specifically for a single operational role or
a group of roles. The feasibility of these alternatives can be established by the same basic methods - - examining the
tasks , deducing the necessary information and consequent problems of portrayal, and checking the feasibility of
each task and each possible coding against known human abilities and limitations. More specifically these are usually
concerned with search , identification, route planning, navigation and similar tasks , but the value of the map for liaison
or for reorientation after becoming lost may also figure prominently among operational objectives.

The above earliest human factors contributions are the most important, but made least often. A mistake at these
early stages cannot normally be redeemed later. A failure to realise when an objective is unattainable, that a task
cannot be done in the time available, or that a map will become unreadable under certain environmental conditions
may mean that the user is provided with a map unfitted for its purpose, but it is then too late to do anything about it,
except start again and make another map.

Designing the Tasks

A human factors contribution can next be made towards gathering information relating to the user’s envisaged
tasks, towards establishing their feasibility and towards interpreting existing information in the light of new tasks and
objectives. This involves a thorough knowledge of sources of pertinent information, of the kinds of information that
are of potential relevance , and of methods for gathering and interpreting valid additional evidence. This implies a
broad knowledge and an eclectic approach on the part of the human factors specialist. Otherwise, some pertinent
evidence will be overlooked. It also implies informed judgements on the probable applicability and generality of
findings, and on the value of theories, constructs and models.

S
Experimentation on an empirical basis may sometimes be necessary . Alternatively, it may be fruitful to test the

explanatory or predictive value of a particular set of theoretical constructs. The potential relevance of many general
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psychological concepts and methods should be assessed. Usually they are claimed to be of general relevance and
applicability~ often they fail to fulfil their promise when applied, but sometimes they may account satisfactorily for
evidence which would otherwise by puzzling. Information theory and its derivatives, and the principles of information
display, should have relevant concepts to offer. In so far as cartography is a language, it may be possible to adapt
concepts such as semantic differentials and repertory grk techniques to study aspects of maps. Theories of stochastic
processes, decision theories, and signal detection theory , may be pertinent for tasks with probabilistic aspects , such as
searching a map. Mathematical approaches, such as control theory and fast-time simulation, may have relevance.
Principles of perceptual organisation and structuring should not be violated in map design. The design should not assign
meanings which are difficult to reconcile with the intrinsic meaningfulness of pictorial attributes of the symbology .
Learning principles, the processes of acquiring skill, and practical aids to memory, should not be ignored, but
incorporated and utilised where possible in specifications for map content and design. The skills and abilities of
those who use maps and those who make them can be treated both in general terms and in terms of differences between
individuals. On all the above topics, and on allied ones, a knowledge of the basic concepts, their nature and their
applications, and of where to find out more about them, is essential if a full human factors contribution is to be made.
Competence in experimental procedures is also essential. Some knowledge of aesthetic factors and of attributes may
also be helpful in relation to map design and map acceptability.

Designing the Map

Human factors contributes at the stage of analysing the tasks and of deducing what information should appear on
the map. These stages, though they constitute a lot of work , are quite straightforward; they do not call for innovative
techniques, but for the thorough and painstaking application of techniques already established. The result is a list of
functions to be performed, and a list of the essential cartographic information, initially classified by function, but
subsequently compiled in categories of cartographic information. Given this, the human factors contribution towards
the design of the map, its format and coding can be made. Human factors is usually associated with map design but
the main decisions with human factors implications have been taken long before questions about methods of represen-
tation and symbolisation arise.

In dealing with design issues, the amount of information to be portrayed has to be considered first. The severity
of the human factors problems to be resolved depends to a considerable extent on the density of information to be
included on the map. Human factors can advise on the implications of various cartographic practices for the user. Map
generalisation, with its smoothing effects, may alter the general impression of the nature of the terrain which is conveyed
to the user. Whereas hill shading may give a false impression of the coarseness of terrain, contours may give an impression
of smoothness, continuity, and gradualness of progressive transitions which is belied by the real landscape which the
map purports to represent. Human factors can also advise on the appropriateness of methods for conveying the accuracy
and precision of the data presented. In particular, methods of portrayal should seek to avoid spurious implications of
precision.

Analyses of map tasks in terms of criteria such as their frequency and operational importance permit deductions to
be made on the emphasis that should be given to different categories of cartographic information in the overall design.
Sometimes this leads to conflicts which have to be reconciled with traditional cartographic practices. For examples, on
topographical maps relief is traditionally depicted as the background, with man-made features as the foreground. But
for tasks where the terrain has greater importance, such as nap-of-the-earth flight or radar map matching, it may be
necessary to give more prominence to relief portrayal, at the expense of other features. Novel solutions may be proposed,
such as the prominent depiction of ridge lines, but these must be compatible with survey methods and the requirements
for accuracy. Nevertheless a human factors contribution is to propose and test possible solutions to such practical
difficulties, always within the constraints of effective portrayal.

Human factors knowledge can be applied to determine the discriminability of symbols, but it is necessary to do so
with caution , because findings from non-cartographic contexts do not generally transfer, though the principles on which
they are based are of general applicability. For example , recommendations on the legibility of typefaces do not transfer
in detail , although more general findings about the relative merits of alphanumeric, geometric and pictorial coding
conventions remain relevant. Data on colour discimination , for instance, remain valid in all contexts although their
detailed nature is modified somewhat by the visual complexity of cartographic backgrounds and the multiplicity of
colour codings employed.

Experimentation to discover the application of general visual coding recommendations to maps is also straight-
forward, although it may require specially prepared materials, produced within the contraints imposed by map
production technology. The number of visual dimensions can be specified, and the number of levels or intervals within
each dimension. Also the discriminabi lity and logical interrelatedness of subcategories of symbology is amenable to
testing. Discriminability can be tested also for particular conditions, such as projected moving map displays or low
or coloured lighting levels. Hypotheses needing to be verified in a map context can usually be found in the general
displays literature . It is often simpler and more effective to check the validity of existing general display recommenda-
tions for maps than to embark on a major experimental programme as if no other evidence about displays existed. As
a general principle, existing findings should be treated as hypotheses, requiring verification for maps.
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The formulation of codings to be tested draws on human factors data, on traditions of cartographic coding and
meaning, and on logical principles of vision and semiotics to convey the required variety of meanings, show their inter-
relatedness, and ensure that visual categories and subcategories correspond sensibly with required nuances of meaning.
Alternative coding dimensions - - size, shape, colour and so on may be considered, and also alternative visual forms for
the same information - - symbolic , pictorial, alphanumeric, and so on. Human factors guidance is used to ensure that only

- serious and sensible alternatives reach the stage of experimentation. Other less satisfactory alternatives with a serious flaw
have to be identified and discarded, with the reasons for doing so clearly stated. At this stage in the sequence of
contributions, experimentation is orthodox , employing conventional designs and statistical treatments, with a careful
selection and definition of the conditions studied within each variable. Less orthodox is the interpretation of the
experimental findings: although the design of the experiment may be a standard one, any change in a map which affects
the portrayal of one ca rtographic information category has interacting visual effects with many other categories,
affecting contrast , discrimination, balance, visual similarities and differences. Consequently the effects of a simple
visual change can become very complex , and a human factors contribution is to define the full range of effects resulting
from a single simple change on one category.

4

Evaluating the Product

The last human factors contribution is to the znap in operational use. At this point , very little can be done to change
it, although it may still be necessary to reconcile environmental conditions, such as cockpit lighting, with cartographic
legibility. The extent to which the map fulfils its objectives can he assessed in various ways. The users may be asked for
their opinion of it , and human factors advice-will enture that a properly designed questionnaire is used to gather valid
and reliable opinions. The gibe that asking twelve pilots for their opinion produces twelve different answers is usually
a reflection on the professional competence of the questioner. A competently designed questionnaire should not contain
any items which can be answered in so many ways as this would give rise to difficulties in scoring the replies and analysing
them satisfactorily. Respondents may be invited to amplify their answers, and may then do so in different ways, but the
questionnaire itself should be designed to give a limited number of firm clear answers to each question, so that the
interpretation does not depend much on the subjective impressions of the questioner.

In addition to, or instead of, subjective data, measures of performance of various tasks using the map may be taken,
as a means of assessing it. The whole range of tasks envisaged in the objectives should be examined by performance
measures; alternatively a representative selection of tasks may give an assessment which is less thorough but sufficient to
show that the map is unsatisfactory. Performance measurements may also be used to examine a single objective in
detail, if the expected operational achievements are not being fulfilled. In this case, one or more highly specific tasks may
be examined by detailed performance measures. In this context , though not necessarily in others, it is convenient to
subsume eye movement studies under the heading of performance measures , since their intention is to reveal what
information is used to perform a task.

A further approach is to check the information needed according to the task analysis, against the information
portrayed on the map. This will reveal if certain essential information is not present, or if, though present, it is
inadequately portrayed. When the human factors worker is making this kind of contribution, his role has almost come
full circle, since he is carrying out a similar activity to that which is a precursor of a new map design, namely system-
atically examing the deficiencies of existing maps, in terms of their content and methods of portrayal.

4

Usc A HUMAN FACTORS CHECKLIST FOR AN AVIATION MAP

This checklist , in the form of a list of questions, covers issues which commonly arise during the application of
human factors principles to an aviation map, It is intended to aid the human factors specialist and to inform others on
what his contribution should encompass.

The level of detail of the questions was swayed by two intentions. One was to keep their total number within
£ reasonable bounds, without making them too diffuse or vague. The other intention was to pose general questions of

potential relevance to all aviation maps. Although almost every question could be subdivided into more terse and
specifIc items, these subdivisions would no longer be universally applicable.

Objectives

Is the map new or intended to replace an existing map?
Is the map primarily for visual or instrument navigation or for both?
Have all the operational roles of the map been defined?
Are there any further roles, not yet defined operationally, which the map may be required to fulfil in the future?
Do any of the envisaged roles imply requirements known to be incompatible?
Are the requirements of various roles so different that too many different kinds of cartographic information must

be portrayed?
Will the map be self sufficient during each mission or will other maps be needed?
If other maps are needed, will they be compatible with this map?
Will the map be used in association with any other form of collateral or continuously generated material?

______________ 
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If so, will it be suitable for this purpose?
Will the map be used for liaison and serve as a basis for conveying cartographic information verbally?
Will the map be intended to fulfil all the requirements at various stages of a mission, e.g. briefing, planning, in-flight,

dc-briefing, etc?
Are the envisaged scale and projection the most suitable for efficient use considering the stated objectives?
Have the objectives been defined clearly enough for the design and content of the map to be planned?
Do the objectives delineate all the envisaged conditions of use, including the various aircraft types, the different

aircraft speeds and heights, day or night flying conditions if applicable, and the methods of display within the
cockpit?

Do the objectives delineate all the kinds of terrain and all ~~ geographical regions for which the map is envisaged?
Have the requirements for accuracy and revision of the map been stated?
Is the map intended to be produced by a single cartographic agency or by several production establishments?
How have the objectives of the map been defined, and what sources of influence have been neglected in defining the

object ives?

Physical and Environmental Considerations

What physical attributes of the workspace (e.g. flight planning room , cockpit , etc.) will limit map usage?
Is the map intended for use in a vibrating environment and has this been taken into account in its specification?
Has its specifiction been influenced by other relevant conditions of use such as the lighting conditions prevailing

in the workspace?
Is the map adapted for easy stowage and retrieval in the workspace?
Can the map be handled in all required conditions (e.g. when wearing gloves)?
Can it be readily and correctly identified in the flight planning room and in the cockpit , so that it is not confused

with other maps or job aids?
Does it have to meet any specialised viewing requirements, such as being viewed through image intensification night

vision goggles?
Does it have to withstand television and photographic processing and projection in a moving map display?
Es its specification compatible with probable advances in display technology which may influence its use or form of

presentation, initially or in the future?
Is it intended to be used with any superimposed material, and is it potentially compatible with such material?
What tools will be used with it for measurement , annotation, and for adding route plan and tactical information

etc., and can these tools be used under the envisaged workspace conditions (e.g. vibration, wearing gloves, etc.)?
Is it required for national or international use, and what nationally or internationally agreed conventions have to be

followed in its specifiction?
Is it intended to be semipermanent , or used on one occasion and then discarded?
Have several sheets of the series to be used to assemble map strips, and does the specification facilitate this process?
How do the sheets relate to each other, and do they overlap or facilitate alignment under adverse conditions?
Do the sheet lines take into account the major routes and main airfields and areas of flight?
Is the map intended for use by one person only, by different crew members sequentially or by several in consulta-

tion, and how have these requirements influenced its design?

Tasks

What range of tasks is the map intended for7
Have all thc tasks equivalent operational significance, or should some weighting of their relative significance affect

the map design?
Can all the required tasks be done on a single map, particularly with reference to its legend categories, its scale, its

level of detail and generalisation, and the conventions followed in its portrayal?
Is the ini tial classification of tasks adequate to enable the human factors requirements to be specified?
Are the tasks descriptions speculative , based on deductions, or derived from direct observations of aircrew and of

how maps are used?
Has there been adequate consultation between cartographers, map users, and the planners of tasks and roles?
Can all the tasks , expressed in terms of aspects of the mission such as pre-flight planning and briefing, take-off,

cross-country navigation between checkpoints, reconnaissance , etc., be defined so that their psychological
aspects , such as search , identification, etc. , are clear?

Are the task descriptions adequate to decide what information must appear on a map used to fulfil them?
Is it necessa ry to conduct fuller job descriptions, task analyses, activity analyses, surveys or detailed planning in

order to specify the required tasks more adequately ?
Do any of the envisaged tasks and requirements seem impossible to achieve, or is any of the information which

will be required impossible to convey.
In so far as the human factors problems inherent in the task requirements can be envisaged, do any of them seem

to have no solution? -

Are there any changes which could be made in tasks which would make the solution of map reading problems
much easier?

p
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Users

Who will use the map?
Is it necessary to select users on the basis of map reading performance or other criteria , e.g. visual acuity and

colour vision?
Do the users already know enough about map usage, or will they have to be trained to carry out the tasks?
What training methods will be used, and how will their efficacy be tested?
Do the users need to have any knowledge of the cartographic constraints which have influenced the form and

content 01 the map?
What maps are the envisaged users already familiar with, and are any proposed map design changes or innovations

a potentioal source of errors or misunderstandings by the user?
What information on existing maps is ignored by the users because they cannot understand it or are unaware of

it, and what steps are being taken to ensure that all the information on this map will be seen and understood?
How should the map legend be designed to aid understanding and act as a training aid for map reading?
Are other instructional guides necessary?
What steps will be taken if a significant proport ion of users are unable to make adequate use of the map?
Are major differences expected between different users in the conditions under which they will use the map, or in

the time available for map usage?
Have users been instructed in potential sources of error in map reading and in the quality of the information on the

map, its accuracy , and the trust which should be placed in it?
Do the users know how to use various means such as grid referencing for describing map locations independently

of map contents?
Do the users know how to estimate and measure distances and directions on the map and in the field?
Do the users know the correct terminology for various features and relationships conveyed on the map, and can

they use this terminology correctly?
Can the users interpret the tactical significance of information shown on the map?
Have the users been instructed in the correct way to use the map for various operational tasks , and have the

procedures they follow when using maps been optimised and standardised whenever appropriate?
Are there adequate means for consulting map users, for measuring their perforniance, and for establishing which

tasks are performed to operationally required standards and which need to he improved?

Specification

Can the specification be followed and interpreted without ambiguity by all those involved in the production of the
map?

Should the specification be designed for , and made available to, map users?
Is the specification too rigid, or insufficiently flexible for production interpretation?
Is all the information needed to produce the map and meet the requirement contamed in its specification?
Are the chosen projection scale and sheet size optimum for all the envisaged tasks, or should some tasks be

reassigned to different maps?
Are the format, projection and scale compatible with collateral or superimposed material?

Content

Are all the categories and subcategories of information selected for depiction appropriate for the tasks so that
collectively they provide all the information needed for the tasks to be done?

In selecting categories and subcategories for portrayal, what solutions will be adopted if these lead to very high
or very low densities of features in certain geographical regions?

How are the principles of generalisation applied, and how far has the character of a region been preserved?
What sources of error of inaccuracy have been introduced for cartographic reasons such as generalisation, and how

will they affect task performance and user’s interpretations?
What effects have compilation methods had on the map speci fication?
What information does the cartographer intend to convey on the map, and is his choice of categories and

subcategories adequate in human factors terms to convey that information, assuming no deficiencies in
portrayal?

Can all the envisaged contents be justified on the grounds of relevance to the task(s) and how much information
is redundant or irrelevant?

Coding

What limitations on methods of coding are applicable, and have these led to any ambiguities?
Are all the codings chosen discriminable under the circumstances of their envisaged use?
Are any codings sufficiently similar in their visual appearance to be confused?
Are any codings misleading, for example by being symbolic and appearing pictorial or by looking like one thing

while representing another?
Do the codings logically relate to the categories and subcategories of the map information?
Does the relative visual prominence of visual codings reflect their operational significance? —
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Has the visual balance of the map been preserved and if not, how could it be restored?
Do the codings conform with standard practice and are their meanings always compatible with the codings on other

maps which users may encounter?
What use has been made of redundant and non-redundant codings, and is this compatible with known ergonomic

coding principles?
Is there any coding which is illogical, such as using a large horizontal symbol to depict a vertical feature , and can

this be justified on the grounds of clarity, operational significance, familiarity or convention?
Has the choice of each coding and method of portrayal taken adequate account of the evidence on how symbols

should be portrayed for clarity and efficiency, in so far as this evidence is known to be applicable to maps?
Has the choice of pictorial, geometrical, abstract , alphanumeric, or other coding method been the most appropriate

in the use of each information category and subcategory?
Do the chosen methods of portrayal adequately convey relationships between features?
Does all information remain readable when viewed in projected, CRT and combined displays?
Has adequate account been taken of knowledge on discriminability of brightnesses, contrasts, hues, line-widths,

sizes, shapes and other psychophysical dimensions employed to draw distinctions on the map, so that the
differences are always visible and their relative magnitudes accord with their operational importance?

Have the coding dimensions which are most efficient in psychophysical terms been chosen?
What alternative interpretations might the methods of coding lead to and are these of operational significance?
Does the map succeed in conveying correctly the accuracy of the information on it?
Are the methods of portrayal suitable for conveying how accurate the information is, and do these methods

encourage the measurements which can be made accurately and discourage those which cannot?
Have the aesthetic attributes of maps been considered in the specification, and how important is it that they

should be?
Is the density of the information on the map appropriate for the tasks and has the choice of codings been used

successfully to manipulate the impression of density and clutter?
Are there any map features on which there is disagreement about their meaning?

Assessment

Is there agreement on the levels of task performance which are operationally acceptable , so that scoring criteria
can be devised?

Is it possible to derive a representative range of tasks for map evaluation?
Is it possible to obtain a representative sample of mapping to be used in assessments , and to demonstrate that it

is indeed representative?
Is it possible to derive samples of material for more specific evaluation purposes, such as testing the adequacy of

portrayal of a designated feature?
What tasks must be included in a performance battery for use in evaluation of the map, and how should they be

weighted?
What measures of performance are needed, and how should they be interpreted collectively?
Should subjective assessments be made , and if so, in what form?
What other measures — physiological, biochemical, descriptive, deductive, etc . — should be taken?
What further measures could be derived from, and related to, various theoretical concepts, such as information

theory etc?
What criteria should be used to select measures, and to determine which theoretical frameworks may be apposite?
Is there a role for simplified maps, or for laboratory studies, and if so how may their practical relevance be

demonstrated?
How are the users’ needs assessed, and what is their relationship to what the user wants?
What relevant data can be gathered during flight, and how can such data be classified and interpreted?
In what concepts should the findings from experiments be expressed — the cartographer’s, the user’s, the human

factors specialists’s, the operational planner’s, etc. — and how can the findings be made intelligible to others
who are not fully familiar with whatever concepts are initially chosen?

How should the findings from evaluations be disseminated?
How can their validity and reliability be established?
What steps can be taken to ensure that findings which have been shown to be valid and reliable, are acted upon

and lead to improvements in the map?
What criteria could be used to show that a map is not capable of further improvement?

~~z~r ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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CHAPTER 17

A POINT OF VIEW

I 7a REVIEW OF CURRENT KNOWLEDGE AND TECHNIQUES

The role of human factors in relation to aviation maps is still in the process of definition. Human factors knowledge
gained in other contexts may apply to maps, but this must never be assumed. Some cartographic problems may
ultimately be solved by innovative rather than standard human factors techniques. A few human factors problems in
cartography may have no solution without compromising performance or objectives.

Human factors is a relatively new discipline. In principle, it can be applied to many activities and fields of
endeavour. Its intelligent application requires a multidisciplinary approach, whereby the human factors specialist acquires
a working knowledge of another discipline, the specialist in the other discipline studies human factors, or both work
closely together in harmony. The application of human factors to cartography has been selective and sporadic. A logical
plan of human factors contributions to cartography has not been systematically followed, for such a plan has never been
made. A few geographers and cartographers have examined the psychological and human factors literature and have tried
to apply what they have learned to maps, to be disillusioned on discovering that the firm and unequivocal recommenda-
tions stated in such sources do not possess the universal applicability they had been led to expect. A few psychologists
and human factors specialists have tackled cartographic problems, and been disconcerted on encountering, in the
processing and display of map information, problems of a complexity which their knowledge did not equip them to deal
with. Those who ha~e advocated most strongly that human factors principles should be applied to maps sometimes give
the impression that they have never tried to obey their own exhortations, so unaware do they seem of the practical
difficulties in doing so.

Advice on the need to design maps to meet users’ requirements has also been proferred rather than heeded. Most
cartographers still know little about how their maps are used. Most users do not know how maps are made, and this
limits their ability to interpret the information on them. U does not necessarily follow from defining users’ requirements
that a map can be produced which will fulfil them, but it often seems to be implied that, if the users’ needs could be
successfully defined, other difficulties would melt away.

The amount of human factors research on aviation maps has hitherto been small, and many problems have not yet
received serious study. The prospects of progress in the future are good, given adequate resources, funding and carto-
graphic support. Many human factors issues which can bring major changes in map design and content have not yet
been settled. When they have been studied, much specific work remains to be done. It is probably fair to claim that
there is not a single human factors problem mentioned in this volume on which all the information needed for an
optimum solution is known. For many problems, the extant data are scarcely sufficient to exclude gross human factors
errors from the recommendations.

A few current difficulties can be traced to the long historical development of cartography which has led to the
gradual evolution of many traditional cartographic practices, and to a cautious approach to innovations which may later
prove to be transient or ill-founded. To some extent , cartography views human factors as such an innovation. The
unwarranted overgeneralisation of some human factors recommendations has sometimes contributed towards a proper
ca rtographic scepticism about the value of human factors evidence. The burden of proof does, and should, rest with
human factors as a discipline to show its worth. The evidence on which human factors recommendations for maps are
made must have universal applicability beyond dispute, or its applicability to maps must have been specifically
demonstrated. it is counter-productive to presume that human factors recommendations for very simple information
displays can be applied validly to maps, in the face of mounting evidence to the contrary . To persist in such an approach
is initially futile and ultimately harmful.

Even when recommendations can be fully justified in human factors terms, there may be no practical means of
implementing them because of constraints imposed by map production. It seems trite to expiate on the need for human
factors recommendations to be compatible with map production technology, but past experience makes it clear that
such fundamental advice is not superfluous, in that it has not always been followed in the past.

While it is reasonable for the cartographer to point out the problems of spurious locational accuracy of features
portrayed on a map, it is equally reasonable for him to turn to human factors for advice on how features might be
portrayed in order to indicate some uncertainty in their exac t whereabouts. Currently, human factors has not solved
this problem of how to indicate the quality and trustworthiness of information on maps or on other kinds of

t
4 .

~~~~~~~
“ 

- 
- 

-



V

206

information display, and therefore the solution to the problem must await further research. Human factors knowledge
could be applied to the tasks, skills and physical environmental conditions appropriate for the compilation and the
production of maps, as distinct from their usage, but this has not yet been done.

Although there is much general evidence on human limitations of perception, information processing, memory,
orientation ability and other psychological processes relevant to map reading, little has been done to try and counter
the effects of these limitations on niap use. Two main approaches are possible. One is to design maps which acknow-
ledge and compensate for known human limitations. The other is to explore how far selection, training, and instructions
could circumvent these limitations. The feasibility of operational requirements and of the tasks which they imply must
be assessed by relating the map content to the man’s ability to make use of it. This is particularly important for future
requirements where an attractive and advantageous innovation may reach an advanced stage of technical development
before its cartographic or human factors consequences are recognised. When they are, they may pose difficulties which
seem to be insuperable, or which require extensive experimentation before a solution can be found.

Some of the problems of aviation maps which in principle can be resolved with limited human factors resources
are those associated with adapting maps to the cockpit environment. Problems which derive from cockpit lighting or
vibration may prove to be more difficult to resolve, but those associated with handling, stowage, and the compatibility
of maps with other job aids are less formidable. Methods for the indexing, retrieval, and restowage of maps after use,
require a simple task analysis, and purpose-built stowage can be simply designed that is well integrated into the work-
space. Perhaps of all topics associated with human factors and aviation maps, this is the most suited to the direct
application of existing principles and knowledge. Any experimentation needed to verify the solutions proposed can be
relatively simple, cheap and quick.

The efficacy of maps in the cockpit depends greatly on the compilation of adequate job descriptions, and the
success with which their requirements have been incorporated in map specifications. There is no way of circumventing
the detailed, thorough, painstaking effort which good job descriptions entail. They constitute a major commitment ,
but are fully justified as an improvement on the intuitive speculation which is otherwise the favoured basis for deter-
mining the needs of the map user. There is no substitute for job descriptions, and maps designed without them are
likely to remain unsatisfactory in certain respects.

The map, being an information display, is intended to communicate information. It may look attractive , and its
contents may be portrayed clearly, but these advantages convey no benefits if the map cannot be understood and
related meaningfully to the user’s task. To achieve this understanding, the map has to be designed to portray the
information needed by the user for his tasks, and to meet the limitations of the user as an information processor and
interpreter. Current knowledge is inadequate for these aims to be achieved fully now, but there is no reason in principle
why they could not be achieved in the future. The cartographer needs a greater understanding of how visual information
is interpreted by the user, and the human factors specialist should examine cartographic concepts such as visual balance
in psychological terms.

Human factors, however , cannot affort to express its conclusions wholly in psychological terms, because the
cartographer cannot be expected to translate psychological findings into cartographic practice. He has often attempted
to do so in the past , and been misled by his lack of knowledge of the theoretical context and practical implications of
psychological research. Therefore the conclusions from experiments on maps should be related to categories of
cartographic information (e.g. roads, woodland, power transmission lines, railway stations), rather than to psychophysical
d imensions (e.g. hue , value, chroma, line thickness, contrast , size). Allied to this is the role of human factors in deter-
mining what cartographic information is necessary for the user and indicating its relative operational significance by
differences in visual coding. For some subcategories, the differences in meaning may be trivial for most operational
functions , and it would be a mistake to make these subcategories more visually discriminable from each other than
other subcategories with more operationally important differences in meaning. In this context , the job description
has a vital role in distinguishing what is important from what is not. It is also necessary to recall that maps fulfil many
functions outside the cockpit , such as briefing and route planning, in addition to those within it.

Investigations of the cockpit workspace include the consideration of maps in conjunction with various forms of
collateral information without drawing conclusions about the information content of the map. Detailed studies of
the compatibility of maps with other collateral information normally require the derivation of a map specification
appropriate for the collateral material, since only the map can be modified to achieve a satisfactory match.

Technological innovations make new demands on cartography. Innovations affect directly the format , content
or production of aviation maps. The advent of computer technology not only may demand drastic re-thinking of
traditional cartographic methods and solutions, but call for equally drastic new approaches to the human factors
problems which it brings.

The problem of the multiplicity of functions of each aviation map may be somewhat alleviated with advancing
technology which offers some prospect of greater choice in the information displayed, by selective retrieval from a
data bank. However a practical limitation on the grounds of cost is liable to remain for some time. A continuing
operational limitation may be the problem of liaison between users performing different functions with different maps.

/
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The accuracy of portrayal on the map should represent the optimum compromise between the operational needs
for accuracy , the level of accuracy which the user can measure and judge at the scale, and cartographic accuracy inherent
in the original data, compilation methods, aod map production techniques. How to indicate the level of accuracy which
should be attributed to the map information, how to make the best use of information at that level, and how to reconcile
true map accuracy with the user’s attributed level of accuracy, are human factors problems for which adequate solutions
are not yet available, though they should not prove to be insuperable,

The attributes and abilities of a good cartographer are largely a matter of speculation. It may be that almost every-
one possesses the potential to become a cartographer, but this seems very unlikely . Rather, a good cartographer is
probably the product of certain fundamental abilities and appropriate training and experience. Flair may be another
important characteristic of the good cartographer, but it cannot yet be described in psychological terms. It should be
possible to achieve a better definition of cartographic abilities in the individual, and to optimise their development and
use by training.

The attributes of the effective map user are almost as obscure as those of the good cartographer. Again, it seems
implausible that map reading is an ability that all possess to an equal extent , or that everyone can be trained to read maps
with equal facility. In aviation, it may seldom be practical to select users according to their map reading ability. Aircrew
are generally selected because they possess other abilities, which may or may not be pertinent to map reading. Improve-
ments in map reading skill must therefore rely on training rather than on selection. Currently there is insufficient
knowledge to make confident proposals on how map readers should be trained, on how map reading relates to mental
images of the environment or to geographic orientation, and on how important it is to make maps compatible with
limitations on human information processing. These topics are amenable to human factors study.

Techniques for the investigation and analysis of map reading often have to be developed. There is a considerable
body of evidence that the standard experimental methods for evaluating displays cannot validly be applied to maps, and
that when the findings from such methods are used in map design they do not guarantee an efficient cartographic
product. Perhaps it is in the conduct of experiments on maps, and in the application of the results of psychological
research to maps, that the clearest demonstration is found that cartography and human factors do not share common
concepts. For many cartographic concepts there is no psychological or human factors equivalent, and vice versa. The
difficulties in proving new evaluation methods are formidable, but it is pointless to insist as a matter of principle that
maps must be amenable to assessment by conventional psychological experimental methods, when often they are not.
Such methods, if valid, are useful, but their validity has to be demonstrated, not presumed. It is important to draw on
what is known about the perception of simple forms and complex patterns, design principles, the communication and
processing of information, and other sources of relevant information, but these are sources of hypotheses and not of
truths.

Human factors can be applied to most of the stages of map production and map use. At present, the main contri-
bution is made towards the study of map use. Human factors has had little direct involvement in the determination of
the specifications for existing map series and makes no contribution to map compilation and the interpretation of these
specifictions by the cartographer responsible for preparing individual map sheets. Human factors e\pertise may be
involved in identifying operational requirements and in carrying out job analyses from which decisions about specification
changes can be derived. More typically, human factors is involved in the conduct of flight trials and laboratory experi-
ments on map use in conjunction with aircra ft avionics, displays and sensors . Otherwise, human factors expertise has
often been limited to questionnaire design and evaluation and surveys of user opinion. Questionnaires are useful but
they are restricted in the kinds of evidence that they can provide. Human factors research tends to show where maps - ~t-

are inadequate or faIl short of operational requirements but fails to make positive recommendations for their improve-
ment.

The general principles of human factors can be applied to aviation maps, as to any other subject matter. The
general attributes of man can be related to map reading, as they can to any other activity. But specific methods and
specific findings must be appraised anew in relation to maps.

17b FUTURE TRENDS AND PROBLEMS

If it could be assumed that maps in the future will remain substantially as they are now, the future human factors
problems would generally be those which have already been identified. Recently however, there have been several
intimations, particularly in the application of computers to cartography and in new display techniques, that many future
maps may be radically different , in concept , design and purpose, from conventional paper maps, and that the human
factors problems which they introduce wilt be new. The prospect is of more kinds of maps, generated in more ways,
used for greater diversity of purposes, derived from digital data banks, produced selectively and quickly for specific
operational roles — all requiring the contribution of human factors effort to realise their full potential and to meet
operational needs. Such trends imply the extension of human factors advice beyond matters of portrayal to those of
selectivity of data, retrieval of information, language and communication, memory and understanding.

• Future mapping may be generated automatically for each mission and phase of flight, according to pre-programmed
rules and mission classifications, in response to keyboard entries or direct voice inputs. Other sources of data may also — 
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be available from navigation systems, from satellites, and from sensors in the aircraft or on the ground. Such information
can be used to monitor present conditions, to compute command information, to predict future states , to relate these
to terrain information and to guide the aircraft either automatically or by instructions to the pilot.

Whether future navigation systems will fulfil operational expectations and will have adequate human factors support
is a matter of speculation. This will depend to a considerable extent on policy decisions about the role of man in
advanced navigation systems, the consequent role of map displays, the allocation of human factors resources , the value
of human factors contributions to map design, and the provision of appropriate cartographic support for human factors
researc h.

Compared with the human factors resources which have been devoted to the design and evaluation of aircraft
instruments and controls, the resources devoted to maps have been negligible. All advanced navigation systems have the
weaknesses that the pilot can still become lost and have difficulty in reorienting himself. Apparently, a map can show
the pilot where he is better than anything else, and for some tasks maps have proved to be essential. Cartographic
information in some form will continue to be essential for navigation and guidance even in the presence of continuously
generated collateral displays, and even for remotely piloted vehicles. At the very least the interpretation of such displays
relies on cartographic support.

In human factors terms many aircraft instrument displays are simple and straightforward compared with maps , but
these displays have attracted far more human factors effort. Despite the extensive literature cited in this volume the
effort devoted to solving human factors problems related to aviation maps in particular, or to maps in general, is small
when judged either by the importance of the topic or by the complexity of the problems. The future should therefore
see greater human factors effort devoted to cartography in general, and the prospect of substantial operational benefits
from such efforts. Designers of cockpit instrumentation can now draw on a large body of relevant human factors
evidence, but designers of maps cannot. This imbalance should be remedied by a reallocation of human factors resources.

The role of human factors in relation to aviation is almost always inter-disciplinary, and aviation cartography is no
exception. It will always be necessary to take account of the needs of the user and it will become more and more
essential in the future to do so formally using orthodox techniques, such as compiling adequate job descriptions to be
used as a basis for defining the nature and form of cartographic support. Inter-disciplinary work will also be necessary
in relation to those who devise operational requirements and those who are concerned with engineering and technological
developments which have cartographic implications. Most vital is the need for inter-disciplinary work with cartographers.
It seems to be taken for granted that research on cockpit instrumentation requires extensive facilities such as a flight
simulator and flight trials. It must be acknowledged that professional cartographic support is essential for valid human
factors research on aviation maps so that experimental maps for evaluation can be produced to professional standards
using representative techniques and materials. The lack of support in the past has resulted in human factors findings of
dubious validity and generality, which have been difficult to in terpret in cartographic terms.

A standard methodology for human factors evaluations of maps is not to hand and will have to be developed.
Present methods represent a compromise between operational requirements, cartographic practicalities, and the principles
of experimental psychology. The tasks of greater operational importance have not always been used in human factors
evaluations. The use of symbol search and identification tasks in evaluation is administratively convenient, provides
simple measures of task performance and allows findings to be linked to the psychological literature, but is not helpful in
deciding how well a map can be correlated with the terrain, how well it facilitates route selection and tactical decision
making or how well the information on the map could be communicated verbally. Batteries of representative tasks need
to be derived which r-~present the range and relative importance of the operational functions of maps.

One consequence of the increased utilisation of digital computers is the emphasis on quantification , and the neglect
of qualitative information. In the future, the greater facility to provide more specialised cartography will entail a better
understanding of the requirements of different operational roles. More frequent revision of the representation of transient
feature s should be possible, together with improvements in the classification and depiction of features based on their
appearances from the air. Allied to this, there should be a more consistent application of the selection ratios for features
in the compilation of maps at a given scale. The need for regionally specific relief representation as opposed to the rigid
adherence to worldwide specifications must be reconciled with increased rationalisation and standardisation of the
specifications for different scales. There are increasing demands for cartographic support for helicopter operations, which
may lead to the provision of standardise d 1:50 ,000 and 1:100 ,000 topographical maps on a worldwide basis.

The introduction of more formalised selection and training methods into cartography is desirable , with the main
emphasis on selection for cartographers and on training for map users . Such developments will ensure increased
knowledge of the relationship between visual imagery and map reading, and of the ability of users to memorise and
recall ca rtographic information.

Future research on map design seems likely to be more concerned with the map as a whole and with the interactions
between symbols rather than with the individual cartographic information or with symbols viewed in isolation. Psycho-
physical studies of the visual dimensions of map symbols have been popular in the past , but there is now increasing
recognition of their inadequancies in predicting symbol perception in real map contexts. Research is needed on the
central problems of map structure and visual organisation, on the complex interactions and relationships between
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symbols, and on the factors affecting perceived information density and visual clutter. A coherent logic needs to be
developed for deriving sets of symbols, which takes account of the relationships between them. Causal relationships
between features should be represented by appropriate visual relationships between coding methods. Thus both in
map design and in map evaluation, more effort is expected to be placed on viewing the map as a whole and on under-

- 
standing the role of structural properties in map perception.

Both human factors and cartography have an extensive literature. Yet the amount of work which co-ordinates
this literature across disciplines and integrates it is very small. It is not clear how far the requirements of each
discipline can be reconciled , or how great the benefits would be in doing so. The initial applications of human factors
in cartography have on the whole been fruitful when there has been an inter-disciplinary approach and adequate
cartographic support. Aviation cartography is one field where major advances can be expected in the future. It is
hoped that the information marshalled for this volume may foster fruitful collaboration between these two disciplines,

I... for their mutual benefit and the benefit of the map user.

I 
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INSTRUMENT NAVIGATION CH A RTS SCALE

En Route h igh Altitude I” = 38.5 NM or 1:2 ,000,000 1:3 ,000,000
En Route Low Altitude I” = 8 28 NM or 1:1 ,000,000 - 1:2 ,500,000
En Route Low/High Altitude 1:2 ,500,000 1:5 ,000,000
Decca and Dectrac Charts 1: 50,000 - - 1: 500,000

VISUAL NAVIGATION CHARTS SCALE
Operational Navigation Chart (ONC) 1:1 ,000,000
Tactical Pilotage Chart (TPC) 1:500 ,000
Low Flying Chart (LFC) 1:500,000
Joint Operations Graphic (JOG) 1:250 ,000

Fig.3 Air navigation charts

Name of faci lity Symbol

Basic radio facility symbol

Non-directional radio beacon NDB 0
VHF omnidirectional radio range VOR

Distance measuring equipment DME 0
Collocated VOR and DME VOR
facIlities ‘OME 

_______

UHF tactical air navigation
- 

facil ity TACAN

Collocated VOR and TACAN VO TACfacilities 
— 

R

Fig.5 I.C.A.O. Standard symbols for radio facilities
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COLOUR PLATES I - 13

These colour reproductions were made by a four colour screened process .
and therefore cannot always match exactly the colour variety or the colour
processing of the original maps. h owever , t hey are a sufficiently close
approx imation to the originals to illustrate the human factors problems in
av iation cartography to which they refer.
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PLATI~ I

rhe functions of this world-wide “family ” of topographical aviation maps are discussed in (‘hapter 4h of
the text. As the map area reduces with the scale of representation the cartographer maintains legibility
and accuracy and preserves t he major characteristics of the region by the principles of cartographic
generalisation simp lification (elimination , combination , exaggeration , displacement ), symbolisation
and classification. Aeronautica l information remains relatively unchanged, altering the visual balance
with topographical information to give greater prominence to aeronautical information at smaller scales.
There is little evidence of a consistent approach to the application of colour coding.
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