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5. The entire experiment was repeated on the same subjects after a period
of one month as a ocheok on the reliability of the procedure. A detailed desoription
of ratiomale, experimsntal precedures and results is given im Appendix I.

C. CONCLUSIONS:

6.

The following oonolusions are dresmg

&« Errors are less frequent for the largsr and more finely graduated
dials, and for reading instruotions that emphasise acoursoy.

b. Speed of reading is faster for the largsr and more finely gradusted
dials.

0s Time soores are more diffiocult to desl with in analysing the date
than are error soores. .

d. Por the dials and subjects used, there were very few errors greater
than one unit, that is, greater than one peroent of the full seale. The percent of
total readings in error was 10.1. The peroent of total readings im error by more
than one wnit was 1.3.

e, Numeral design may bs responsidle for large dial reading errors
since partially ooncealed numbers may be confused with othere., Army-lavy Aer-
oneutioal Design Standard for mmsrsle, AND 10,00, permits ready oonfusion of tie
numeral 5 with the numorsl 6 for thé. ;ointers used in the sxperiment and for dials
whioh place the numeral fiwe at the bottom of the dial.

f« Until more is known about them, preotice effects must be recog-
nised as wariables of importancs. In this experiment they resulted in a drop of
twenty to twenty fiwe peroent in error soores from test to retest and a chamge
in the importance of some of the intereotions.

To A number of conolusions are drawn concerning methodology im legibility
These Are summarized in the Appendix. -

research.

D. RECOMMENDATIONS:

Prepared by; avs’ A
Princeton University

Wond.w-%zz-%é’ L Approved by,
Chief, rmlwioq‘nr;noh




mgin. Div. MR No. TEBAA-6OL-1L
20 Ootober 1947

DIaTRINTION
Asro Medical laboratory Library, TSEAA

Psychology Brench, TSRAA-8 Msrooautiocal Chart Servics
Asro Medical laboratory (50) Gravelly Point, Washington 25, D. C.

Air Doouments Division, TSRED Secretariat, The Asromautical Board
"wlease” (2) Room 1 160 s, Navy Department Building

Washington 25. D. C.
Communioation & Navigation Laboratory
Attn; Mr. C. 8. Franklin, Chairmen Bureau of Aesromautios, BAGR-CD
Instrumentation Team puilding 11

Wright Field, Dayton, Ohio (L)
pDesign Branch, TSEAC-L

Aroraft laboratory Chiof of Naval Research
U 8 Navy Department
Instrument & Navigation Branch, TSEFE7 Washington 25, D. C.
Bquipment Laboratory Attn; Msdiosl Soiences Division

™mtaon laboratories Speoial Devioces Division
Red Bank, New Jersey Port Weshington, long Island, N. Y.
At MLENG-12 Attn; Human Engilneering Ssotiom (2)

Cambridge Field Statlon R ¥awval Research laboratory
230 Albeny Street Anacostia Station, Washington, D. C.
Cambridge, 39, Mass. Attn: Psychological Section (2)
Attn; Dr. R. F. Nicholsom, Chief
Visual Design Laboratory Aero Medioal Equipment laboratory
Naval Air Experimental Station
offios of the Air Surgeon Naval Air Materiel Center
USAY, Washington 25, D. C. Philadelphia, Pennsylwania
Attn; Psyohological Section (10) X
RAP Delegation
USAP 8chool of Aviation Medioine Box 680
Randolph Field, Texas Benjamin FPranklin Station
Attn; Department of Psychology (2) Washington, D. C. (2)
Atta; Wing Comdr 8. R. C. Nelson
Office of the Surgeon .

ligs USA® Training Command Civil Aeromautios Administration
Barksdale Fisld, Loulsiana Vashington, D. C.

Attn; Psyoliological Seotion (2) Attn; Dr. Dean R. Brimhall

Assistant for Research
Psychological Research & Examining Unit

Sqn B, Indoctrination Division Arfrase & Equipment Engineering Division
alr Treaining Command Civil Aeronautics Administration
San Antonio, Texas (2) Washingtom, D. C.

Attn; ¥r. O. R. Patton
Offioce of the Surgeon

USAF Se¢rategic Air Commnd Aeromautics Division
Andrews Field, Maryland Library of Congress
Attn, Psychelogical Beotion (2) Washington 25, D. C.

afa




Engin. Dive. MR No. TERAA-OL-1L
20 October 1947

Office of Techmiocal Service
of Commeroe
‘.Mm 25. De co.
Attn; Chief, Bibliographio and
Reference Division

Instituts of Aeromautioal Scisnoes, Ino

2 Bast Giith Street
Mew York 21, New York
‘tﬁl. Mr. Welmmn A« Shrader

Department of Psyohology
University of California
Berkeley, California
Attn; ' Dr. C. W. Brom

Department of Psychology
Denison University
Granville, Ohio

Attn; Dr. W. C. Bisl

popartment of Psychology
Indiana Uriversity
Bloomington, Indiana
Attn; Dr. D. G. Ellson

Departnent of Psychology
Lehigh University
Bothlehem, IMennsylwania
Attn; nr. Adelbert Ford

Nemrtmant of Psyohology
University of Maryland
Gollege Park, Maryland
Atta: Dr. R- Y. Walker

pepartment of Psychology
¥iami University

Oxford. Ohio

Ating Dr. Clarke Crannell

pepartment of Peychology
Princeton University
Princeton, New Jersey

Attn; nr.W. B. I'.lppluf (10)

Departmant of Psyohology
thuiversity of Roohester
Roohester, New York J
Attns Dr. §. D 8. Spragg

Department of Payohology
Tufts College

Medford, Maasachusetts
Attn; Dre Je Le M

Department of Psychology
University of Washington
Seattle, Washington

Attn: Dr. R. B. Loucks (2)

Department of Psychology
Northwestern Uniwrsity
Evanston, Illinois

Attn; Dr. Domald B. Lindsley

Department of Psychology
Johns Hopkins University
Baltimors, Maryland

Attn; Dr. C. T. Morgan

Departaent of Psychology
University of Illinois
Urbama, Illinois

Attn; Dr. A. C. Williams, Jr.

Department of Psychology
Purdus Uniwrsity
1afayette, Indiana
Attn; Dr. J. A. Bromer

Department of Psychology.
Uniwrsity of Iows -
Iowa City, Iowa

Attn; pr. J. 8.

Department of
Conneotiout College -
Bew London, Connecti
Atta: Dr. Robert R

Kolleman Instrument '
80-08 ;5th Avenus
llﬂmrlt, Ne Yo
Atto: MNr. Henry

The Psychologiocal (d
522 Fifth Avenus
Yew York, New York
lthu Dr. Mk e




sngin. Div. MR Wo. TSEAA-69L-1L
20 October 1947

Bendix Aviation oration
Bolipse-Pioneer Division
Teterboro, New Jersey
Attn; USAF Repressntatiwve

Sperry Gyrosocope Co., Imo
Great Neck, lLong Island, . Y.
Attn; UBAF Representative




%)

APPENDIX 1

REPORT 0. 3 from the

Departaent of Psychology
Princeton University
Princeton, N. Jo

Amm.omcnmmormmmo

Prepared for the

Asro Medical Laboratory
Division
Adr Materiel Commund
Wright Field
Dayton, Ohio

v

Contract # W 33-038 ao 1Lk80




A METHODOLOGICAL STUDY OF DIAL READING

In a‘large number of situations, including that of the aircraft cocke
pit, it is necessary that circular scales be read with the greatest pos-
sidble accuracy and speed. !qt. the conditions that lead to optimal mman
performance in dial reading have recsived only a minimum of psychological
attention. This psper is ths first in a seriss that will describe sys-
tematic experimentation upon some of the mary variables affecting dial
reading.

Dial reading is a complex perceptual process which may do affected bty
a host of variables. These include: 1) the characteristics of the
scale, e.g. its sise, number of graduations, numerical valus of scale in-
tervals, contrast of markings to background, stc., 2) similar character-
istics of the pointer, 3) ‘the characteristics of the general situation,
8¢ go the illumination, whether one or many dianls are being read, the in-
terrelation of dial to dizl, roquiremunts for spced and scouracy, etec., and
4) the characteristics of the reader. If it could be assumed that thess
variables acted singly anc additively on dial reading, research planning
would not be diffioult, -The likelihood is, however, that some of the vari-
ables interact, .Under these conditions, only a serisa of carefully
planned experimental studies can sstimate the significance of each of tho
possible variables and producs the basic information required for the
rational design of dial faces, -




As an introduction to such a seriss of studies, a preliminary inves-
tigation has been comple‘ed. This preliminary experiment was undertaken
with four objectives in mind: 1) to develop a standardiszed tost situa-
tion for ths study of dial reading, 2) to obtain a rough measure of the
range of srror and time scores in dial reading, 3) to explere methods of
snalysing the offects of any given variable in relation to other vari-
ables, and }) to obtain an indication of ths effects of attituds and prac-
tioss Ths experiment and this report are thus primarily methodological,
They are not intended to yleld dofinitive information on dial design.

OENERAL QUESTIONS OF EXPERIMENTAL PROCEDURE

The results of thres previous studies may bo used in the planning of
new research on dial design. These nro the studics of Loucks (2) (3) (L)
(5), Yernon (7), and Willisms (6), which show that there are considorable
diffsrences in tho accuracy with which differont dials or scales are read,
The frequency of error, varying in part, of oourse, as a function of the
oriterion of error, rangcs from less than one percont of roadings undor
some conditions up to eighty or ninoty percent of roadings under other
conditions, The oharacter and rclation of mumbsrs, tho frequency and
spacing of graduations, the general “clemnlinecss® or simplicity of the
dials, the amount and the character of the illumination, the oharacteris-
tics of other scaleos in the scries, all appeer to have samo offcct, It is
also cluer that subjeots diffor considerably fram one another and that




praoticc has a marked effect, Tho expuriments werc not dosigned to give
convinecing evidonoo of tho possidble interaction of variabloes.

" Mot only do tho oxporiments of Loucks, Vernon, and Willismme provide

useful information about dial reading performance, but thay represent
trials of particular oxperimontal procedurca. Their romarkn or resultn
rolating to mothodology can bo of asaistanco in supplomonting the usual
criteria of convenience or purposo which any now experimenter in tho fiold
might use in choosing his mothods In daveloping a procedure for now
rosearch in dial design, thoro are at loast five quostions on which deci-
aions must bo mades .
1) How will tho cxporiment take cognimance of subjoct=to=-subjoot
difforoncos? This muy be done by comparing the aversge performence
of one group of subjects in t.h; test nmituatlon with that of other
groups of suhjcoto in ather test situationn. (Williams used proups of
twenty in thin way) Or the same group may be adserved in twe or moro
situations, group avernpn scorcs again being compared. (Thin was the
procedurc of Loucky and Vernon,) Or, lastly, cach gubject may Lo
tested in a sufficient number of trialas to gut a rolistile moasure of
his performance in oach oxperimontal situations As wo soo it, the
first two procoduros ora sntiafrotory only vhon looking for
genoral effoctu, Tho lant procodurc usually makes it necesnary to use
a smallor numbor of subjocts, but, since it recognizos the pogsibility

of subjuct differences and interactions, it denorven attontion until




subject effects are well known,

2) What will be the procedure for presenting the dials and ovalua-
ting the performance? Altornativo procedurcs here ares {(a) using a
tachistoscopic presentation and sooring errors anly (Loucks and Ver-
nan), (b) oxposing dials singly, timing roadings and scoring for
errors (as Williams did with admittedly orude resulta), (c) presen-
ting a bank of dials to be read in immodiato succession and deter-
mining crrors and total timn (as Vornon did in tho second half of her
experinent), and (d) presenting the dial reading tesk as part of a
more general task (as tho job of flying a plane) and scoring for err- .
ors and timo, Method (d) is fundamental to the final validation of
dial dosigns, but for initial studics it is timc consuming snd incf-
ficient in terms of thc mmbor of readings obtained per interval of
resoarch time, For speocd in assumbling data and for more scnsitive
time measurements, mcthod (c) secms to offor the bust possibilitics,

Avoided by method (o) is the necessarily spocded attitude of the
subject in a tachistosoopic experiment. The natural situation in dial
reading 1s for most roadings to be pacod by the subjoct himself, BEvon
whon readings do have to bo hurriod in accordance with the demands of
the task, tho dial reader is usually froe to cheek himself by a second
glance if he foels it important to do so,

3) How will tho "truo" dial setting be cstablishod? The limits of




orror or variability of the "truc® sotting which can be toloratoed are
a function of the purpose of tho experiment snd the proc. sion of the
reading which is tc be required. If high roading precision is re-
Muﬂt@awdﬁaﬁuﬁhhcﬂmuﬂﬂlwﬂﬁch
might affect precision cnly st strict limits, then the settings used
for each presentation must bo acourately known. Bocause one of our
objectives 43 to sstablish the limits of roading procision, wo rejec-
ted the following two mothodss (a) sotting the dials manually for
oach trial (which requires a recordod check of cach setting) and
(b) setting the dials by means of an autamatic control system (which
is subject to a variasble crror). In preferonce we chosc the method
of using previocusly prepared photographs, each photograph composed of
a set of twelve similar dials, These keep t'.c task constant fram sube
Jeot to subject and can easily be checked for accuracy of settings

4) What particular dial scttings will be usod? Will ssttings at
every unit be used on ovory comparison for every subject? Or, will a
selectod but identical group of settings bo usod on overy camparison
dial for overy subjeoct? Or, will it bo adequato to use a scleoted
group of scttings choson by some randomising method and thus not the
same for overy cosparison dial? The first altornative may bo exhaus-
ting, The second, we thought, might bocome obvious te the subjects
in the oxperimont (e.g. that the roading 22 roours but nover 23), We




therofore choss to use a restricted randomising schemo and selccted
a different set of sixty readings for sny one dial dosign, A4s it

Mm,memWhth!wm-wdmm
offects, but for tho analysis of specific sourcos of errar it may bo

unsatisfactory (see page i below)e

8) Will tho material bo presonted to single subjects or to groups?
To this time, rosearch has favorod individual test procedures rather
than group tosting, Individual testing permits simplor methods of
timing performance.

After oconsideration of tho problums describod above, the following
experiment was plannod to permit a preliminsry study of all major effects,
interaction effcots, and any offects attributablc to practico, fatigue, or
warm-up, At the risk of overemphasizing the limited data obtained, the
discussion below has beon cxpanded to give a thorough treatment of methods
and probloms of analysis.

AFPARATUS

A simple two-compartment structure providod tho basic experimental
situation, This structuro is chown in Figuro 1, In tho top half of the
figure is the subject's campartment. The subjcct was scatnd in a chair of
adjustadblo he:l.gi:t with his forchead against a solid hoaderest. In the for-
ward wall of the compartment and on the subject!s horisontal.linc of regard




was a circular hole in which a sample dial cuuld bo exposed by the expori-
monter, Dimt.h below the cample dial was an sperturc, eleven by fourtoen
inches in eise, within which thc experimenter exposad the stimulus diale.
Thocc ware on cards showin;; twolve dials each. The top odge of this aper-
ture was fifteen dogrees bolow the horisontal line of cight, Within the
aperture tho ctinll;xa card was tipped co that it would be perpendicular te
the depressed line of sight. The center of the card was 30 inchec from the
subjectic eyes,* The stimulus cards were moved into viewing position by
the experiaenter by means of a cliding carricr (see lower half of Figure
1).

The sample dial was illuminated by one of thes three lipht sourcec
shown in the figure, The light sources consisted of Masda lamps in canse
The cample dial was so illuminated that the Wilie rarkings were 5 foot
lamberts on a background of 6 foot lamberte, For the stimulus diale
these valuec were § and .6 foot lamberts respectively. Brightnoss moasuro-
ments were made with the Macbeth Illuminometer,

A master switch on tho experimenter!s table controlled the illuming-
tion of the dials, In one position of the switch only the cample dial was
1lluminated; in the other position the illumination of the sample dial was
off and the illumination of tho ctimulus diale was on. The change in
lighting marked the beginning and end of the reading of a stimulus card,

*For future work this has been modified to 28 inches to be in accord-
ance with the new standards for visual recearch(6).




Figwe (. The experimental eitestion: ebeve, subject’s compertment;
below, experimenter’s sompertment, which le en the reverse elde of
the rear well of the eubject’s eompertment,




The lighting switch also controlled two stopclocks for timing tho roadings,
These were Standard Eleotric Timers, 8-10, which time Intervals up to one
thousand seconds in steps of one tenth of a second,

Stimvlus Materials

Thres dial designs, i 3a Vipes igas veuw: sipilayed 1n We Gpen)-
ment, The designs are shown in Figure 2, As shomn in the figuro, the
designs differed only in the number of subdivisions, The dial at tho upper
16£t 4n Pigure 2, hereaftor called the 100 x 10 dial, read to ane hundred
muw&mmnnmnwutepu of ten units each, It illus-
trqtu the smallest siszo, 0,7 inches scale diamoter, i.o. diameter of the
irmer one of the two bounding circloss The dial ai tho upper right, 100
x S, resd to ane hundred wnita in steps of five un!ts, ovory tenth wnit
being numbered. It illustrates the 1,4 inch sise. The dial bolow, 100 x
"~ 1, was subdivided to the unit with overy tenth unit being numbered. It
illustrates the largest size, 2,8 inches in diamcter, The dimensions of
markings are shown for the 2,8 inch dial, For the smaller dials all dimen=
sions were reduced proportionately as tho diameter was roduced, iumber
dimensions were chosen in accordance with Army-Navy Aeronautical Design
Standard, ANDIOLOO, and other line dimonsions were taken as a rough average
of line dimensions in a variety of dials inspectcd by us.

The three dial designs were originally prepsrvd as master drawings,

twenty inchos in dimnctors The naster dreowings wore roproducod photo-







graphically in a nmber of seven-inch oopise. For each dial design in
turn, twelve copies were furnished with moveble pointers and acunted on a
large panel in three horisontal rows of four dials each, the déal oenters
being 9 inches spart in the horiecntsl dimension and 9.5 inches spart in
the vertioal dimension, ¥When the pointers of each of tho twelvs dials had
been est to prearranged values, the bank of dials was photographed on a
fourety-five inch negative, Photographic enlargement of cach nozative to
the three appropriate sises provided the material for the etimulus oards,
The photographs were mounted on Presdwood boards, 11 x 1l inches in sise.
A ompleted stimulus oard for the dials of intermediste eise is shomn in
Figure 3. '

8ince the same type of errors may be expected to appear in eetting
diale as in reading then, great carc was exercised to insure accuracy of
ostting. It was decided that the dials should always bo set as nearly as
possible to sn exact wnit, 1.0. never intentiomally at fractiomal valuse.
While this decieion entailed a relativsly "wmnatural® stimulus eitustion,
it greatly simplified analysis of resulte, The scourssy of sottings of
the 100 x 10 and 100 x 5 diale was increased by the use of a hand scale,
marked to the nearcst soale unit. The acourscy of setting was ohecked by
mjuttuthom-tiyuotthﬂinluﬂummhsuptonduot
twenty one inchse and reading the settings with the aid of a hand scale
graduated to the nearcst tonth of a acale unit. Tho average error of est-
ting proved to be 0,08 acale units, 0.07 scale units, and 0,02 scile units
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for the 100 x 10, the 100 x 5, and the 100 x 1 dials respectively, The
errors weres symmetrically distributed around sero, and, with a single ex-
eeption, all setting errors were less than 0,2 socale units. For this
single exception an error of 0.) scale units was cbserved, These data are
given in this detail becauss for similar photographs of othor types of
dials, intonded for reading to the nearest unit, wo have found avarage
errors of as much as 0.3 scale m;itu. with many ssttings in orror by 0.5
or more scale units, and sometimos with a strong bias. Theso obsorvations
suggest that the accuracy of the original dial settings should be speci-
fied for any experimental study of the precision with which quantitative
data cen be read from a dlal or scale,

A total of forty five stimulus vards was reproduced, Each of the
nine kinds of dials (three designs x three sises) was representod by five
oards, S8ince sach card showed twelve cettings of one kind of dial, there
was a total of sixty lﬁtl;l‘l for cach dial design in all the_au'mlu
oards and these sottings were repoated for all throo sises of a given dial
design, The polnter settings were derived from a table of random mumbers
following, howevor, two restrictionss ° 1) in the scriecs of sixty settings
for any dial type no initial or final digit was proposcd te oppoor more
than six times, and 2) in tho twelve settings on any one card no initial
or final digit was propomcd to appoar nioro than thrco tincse It will bo
observed in the discussion below that this procedure was probably inad-
equato for oertain oontrol of tho ease or difficulty of tho settings ap-




pearing on any one oard or in the sct of fivo oards for each design., In
future experiments additional restrictions will be imposed,

SUBJECTS

8ix male subjects, ons undergraduate student, throe graduate studentus,
and two faculty members, all from the Princeton Department of Psychology,
served in this experiment. All profasssd to have normal visual acuity

(oorrected or uncorrocted).
PROCEDURE

FPor each subject the axperiment bezan by seating him oomfortably with
his forehead against the forehead-rest, A sample dinl of ths design to be
exposed on the first stimulus card was illuminated, Tho sampls dial was
always 2.8'1mhe. in diametor and had no pointer. As the subjcct adepted
to the illumination conditiona, and inspoctcd the sarple dial, the experi-
monter read aloud one of three sets of instructions., Tho instructions pro=-
vided for reading the dials 1) to tho nearest unit under an accuracy atti-

tude, 2) to the nearcst unit under a spcod-andeaccuracy attitudo, or

8) to tha nuarcst round fifth unit (e.g. 5, 30, 4S5, 0, 85, ete,) under a
speed=and-accuracy attituds, Since data obtained under the last instruce
tions arc not analysed in this rerort, no further referenco will be made
to this procodure or to ths rcsults obtained by it., For the accuracy atti-
tuds,. tho instructions to tho subject wore:




"&...l;:d aloud each dial to tho noarest unit as accurate

axtremely
to result in future correct computations eeees Remember,
dials to the nearest unit and read them as acourately as possible.”

For the speed-and-acourscy atuhx;n, ths instructions wora:

"eeooRoad aloud sach dial as rapidly and accurately as pos-

gb-h.;.;m.,“ npi.g m::bﬁ: nearest m:l.t- and read

The instructions also called for the subject to read the stimulus dials by
rmma;n!ruhntoummdtrutoptobotm. Any queetions as
to the instructions were answered and the instructions were repeated until
the experimenter felt certain that the subject fully underetood the task,
Sincs thess instructions are not intended for future use in more defini-
tive experimente, they are not reproduced in furthor detail here,

The experimenter then inserted the first stimulus card in its holder
and after inquiring, "Roudy?®, slid the card into reading position, As
the stimulus card came into position, the illumination was switched to it
and the two clocks were etarted, When the subject had read the first of
the twelvs dials, one of the two olocke was stopped by the sxperimenter,
As the last dial on ths card was read, tho second of the two olocks was
stopped as tho experimenter switchod ths illumination back to the eampls
diale, A reet interval of about twenty seconds followed. A new sample dial
1ike the next group of stimulus dials was thcn put in placo. After the
subject had inspected the eample for about ten seconds, the experimenter
called, "Ready?”, and a new stimulus card was exposcd and so on for a




seriss of nine cards. Detween each series of nine cards, a rest period of
about three minutes intervened. At any ons sitting all forty fivs cards
were presented but the first nins cards (cne of sach design and sise) to be
presented were presented again at the end of the seriss giving a total of
fifty four cards or 648 dials read at the sitting, The readings of the
first nine cards were eliminated from all data® in order to control warme
up effects (except in a specific study of wars-up to be discussed below).
Reading all the fifty four cards under any single set of instructions ro-
quired from fifty to seventy five minutes and oonstituted a single sitting.
For any ono subjoot an interval of one day intervened betwoon sucosssive
sittings,

The experimenter recorded the subject!s rosponse on a previously pre-
pared data sheet, mercly chocking the acorrect rcsponses and entoring tho
actual response in case of an erroncous reading. Tho roading timos wore
entered on the samo record,

The order of presentation of tho stimulus cards was systomstically
varied to balance out practioe and fatiguc effocts, as well as any remain-
ing wara-up effocts, Each design and cach sise of dial appeared once
within ths first nins oards and onco again in every succeoding sst of nine

’Inthomnmotthoupm&ﬂuummepum-tothopm-
oedure regarding this point, For bome subjects the entire first nine
stimulus oards were not ropeatods in some cases (seven sittings out of
twelve) only six or seven oards worc roepoatod. For cards which were not
rop.:;zdmuh for the first readings were used to complete tho basic
o .
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cards. From sitting to sitting, the order of prosentation of the cards
was reversed to prevent lcarning of the series, From subjoct to subject,
the order in which differant instrvotions wore given was systomatically
balancod,

About ons month after the first serics of sittings, the ontire pro-
cedure was repeated for each of the six sudbjects, omitting, however, the
reading of the dials to the nearest round fifth unit. The repetition of
the experiment permitted a study of practice effects and of reliability of
the tast procedure.

The experimental design described above may be summarised Yy saying
that it proposod an analysis of the differences in time and in error
scores contributed by dial sizec, dial design, cubjects, and subjects’ attie
tude toward speed and accuracy, as well as an ana'ysis of interactions be=
tween these variables. The design provided for the control of the effects
of practice, warm-up, and fatigue in the main analysis, and for a rough
study of these factors iu a subsidiary analysis, It alsc established a
factual check on the reliability of any conclusion drasm from the first
series of sittings,

RESULTS

The raw data of the experiment consisted of orror and time scores ob=
tained ty the different subjects, each under the same varying conditions,
We shall consider first the analysis of the main factors in the experiments




attitude, design, and sise, Later the subsidiary questions of types of
errors, practice effects, warm=up and fatigue, and digit and eector diffi.
culty will be taken up,

Raw Error Data

The main factorz must be considered in terms of errore and time sep-
arately, For the detailed error analysis we have considered all errore,
regardless of magnitude, to be alike, Thus, an error of onc unit in read-
ing counts just as much as an error of, say, ten units and we are asking
our subjects to read the dials to an accuracy of bettor than ons percent of
full scale. The raw data for all errors are prcsonted in Table 1, The
table gives the nwber of errors observed for ench subject while making
sixty readings on dials of each design and sise and under each condition of
obux-nucu. Mean valuoce for all subjocts are also given, Considoring
all subjects and conditions, it is apparent that the incidence of error
ranges from scro to 28 for eixty readings. Individual subjects diffor
considersbly from one anothor, the error frequency being consistently high
for swme subjects and low for others,

The data of Table 1 are presented in somewhat simplifiod form in
Figure ke For this figurc the averages for all subjects in the original
mzmdtherﬂnthlvcbemcubinduﬂmsummtomot'pmmt_
of roadings in error. Separate pairs of ourvos arec givon for oaci: dial

design (100 x 10, 100 x 5, and 300 x 1) showing how errors vary with sisc

-

s
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TABLE 1, ﬂnmdnrdrnuu:mcnu.TM.MﬂuuMnﬂumuhru
readings in error for each subject in 60 readings of sach dial, according
:L“ﬁﬂh?"'“uw“'"“t“h Mean values for all subjects are

0
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Test Retest Toat Retest
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(abscissa values)., Yor each design the solid curve shows mean errors
under the speed and accuracy attitude and the broken-line curve shows mean
errors undor the acouracy attitude.-

Figure i clearly illustrates the effects of the three major variablss
in tho experiments attitude, design, and sisc. The acouracy attitude is
superior to the speede-and-acouracy attitude and this conclusion holds for
overy ocmparison, The larger the size of dial, the botter is tho acourscy
of reading. And the 100 x 10 dial is poorer than the othor two dials for
sny single sise coaparison, There is no cloar cvidence, however, of a
differcnce botween the 100 x 5 and the 100 x 1 dials, The statistical
analysis of the significanco of the difforonces will follow below.

Raw Timo Scores

!‘horuumumlmonumunmthosmomluumudo'
the raw error scores. Table 2 givos the summed time scores for sach sub-
Joct for each dial and zize under each condition and the means of theae
subject scores for the dial dosigns and sises, For time, as for orrors,
the differencos between subjocts aro oxtreme,

To show the offects of tho cxporimental vm-.blos,thoumdah havo
boen summarised for all subjoots in Figure 5, In this figure, time par
reading for ths original tost and rotost combined is given on the ordimato
and all othor featuros are to be road as they were in Figure 4o At no
point are the time data inconsistent with the conclusions roachod from a




TABLE 2, ‘Raw time scores. Ths entries show the total rounded to
the nearest second) taken bty each subject in making 60 each
dlal, according to design, sise, attitude and test, Mean values for all
subjects are alsc listed,

Speed and Accuracy Acouracy
Test Retest Test Retest

Sigze in Inches Sisze in Inchss Siss in Inches Size in Inches
0.7 loli 2.8 1 2.8 L 2.8 0.7 1.4 2.8

100 88 255 5h7

131 19 3 177
150 129 102 169 138 193

73 66 119 88 118 100

105 103 U9 165

83 70 100 138
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oonsideration of the rew error soores.

In their raw form, as tabulated and plotted ebove, tho data do not
lend themselves to an.analysis of variancos Such analysis requiros the
assumptions that the data are normally distributed amd that tho sub=popu=
lations are hamogenoous in veriancos The orror data may be oxpocted to be
Vamial or noarly soe For the timo scores it is logiosl to oxpoct that
tho variance of a set of sooros from a vory slow subjoot or fram a oondi-
tion produoing general slownoss would bo groator than tho vardanco of
& set of soores fram a fast subjoot or fram fast oconditionss Analysis of
variance thus requiros the transformation or oonvereoion of both the error

soores and timo soores into o new and proper forme

Analysis of Yerianoo on Transformod Error Boores

For the error data, tho angular transformation” mny bo oxpootod to

placso tho data in tho normal, hasogonoous form roquired for tho annlysis
of variances Accordingly, tho individual raw orror sooros fram tho colls
of Tablo 1 woro transformod nooccrding to tho formula
»: (un’)-1 LAl 8
nél
wvhero X = aorror sooro and n s €0,
Tho rosults of tho anclysis of varianco of tho transformod orror

sooros arc glvon in Tablo 8 for tho tost and rotost data soparatolys

o

*Tho angular transfoarmation and its morits as aoppliod to psychos
logleal data of tho typo disoussod agbove aro dosoribod in (1)




Table 31 Summary of Analysis of Variance on Transformed Error Scoree

Variasble
Attitudee
Subjects
Sises
Designs
Attitudes x Subjects
Attitudes x Sises
Attitudes x Designs
Subjects x Sisss
Subjects x Designs
Sises x Designs
Attitudes x Subjects x Sizes
Attitudes x Subjects x Designs
Attitudes x Sises x Deaigns
Subjects x Sizss x Ddsigns

-
Attitudss x Subjects
x Sises x Designs

Total Degrees of Freedom = 107

B e BB B E b owaan b oask

Test

* Retest

Msan Squares Mean Squaree
Lk Sone 248 Lpn
935,054 854, 23%0

12,9220 90553
839, 7l 695. 710

15.83
1,42
6.36
15,99
15.66
19.42
L.81
7.51
23,15
7.1

1o.24

e 12
» 5%

22,16
33.72»
6.85
32.L6mn
LS. 134w
7.83
8.09
16.82
.82
18,03

8.87-

levsl of confidencs
level of confidence




For both the test and the retest all the principal effects were signifi-
cant; they would be expected to occur by ohance alons in less than one per-
cent of experiments. Since the effecte of attitude, siss, and design were
statistically significant when tested against the interactions of subjects
with these variables, these resulte nay well hold fer othoar groups of sube
Jecte. In the original test when the interactions were tested against the
residual terms, none of the interastions were statistically significant,
In the retest, however, three interactions were statistically significant;
attitudes by sises, subjects by sises, and subjects by dosigns. This
change in the results suggests that practico is a variable which will have
to bo.imuumod rather carefully in go far as inter-action sffocts are
concerned,

As an indication of the general roliability of ihe teating progedure,
it should be pointed out that the magnitudes of the mean squares for sises,
subjects, designs, and attitudes follow the same rank order in the test and
retest,

* Consideration of Time Scores

When the time soores were examined it becamo’ apparent that subject
variability did not increase in a linear way with subjcct mean time. The
relationship butween subject variabilities and means was obtained for cach
tost and attitude separately by computing the standard deviation of the
times taken on tho five cards for a given siso-dosign combination and aver-

e3la
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aging thess for all nine sise-design combinations. This average was then
taken as the bost estimate of the variability of that subject for that
test and attitude, Comparable moan times were computed for sach subjoot,
When the estimated variabilities were plotted against their comperable
ym,itmmwnvmmnwimmuodwul.yum-quﬂ‘
of the mean time.

However, a similar plot was made of the relationship betwsen the
standard deviations and mean times for particular sets of five cards,
Such plots were prepared for each siubject, for each test, and for each
attitude, For these plots no consistent relationship emerged between
variability and mean time.

Since there was disagreement between the two methods of studying the
relationship between variability and mean time, wo havs postponed further
quantitative analysis of the time ascores. The key to an appropriate trans-
formation has not yot been found, ' Mcre must be known about ths varisbilie

ty of time scorss before such a transformation can be chosen wisely.
Firet, we must recognise that differences in difficulty from card to card
within a set of fivs have been confounded in our present measures of sub-
Jeot variability in rsading speed, Second, we know from cbssrvation that
subjects tend to pacs themselvss when reading a bank of twelve dials in
succession, Perhaps an interruption of this pace, cansed by the otcure
rence o reveral particularly difficult roadings on one card, is disturb-
ing the relation between variability and mean timo. Thess matters necd




further examination., Until thay are understood more completely, we may
simply note again that the time data do not disagrec with the conclusions
on mejor variables, as formulatod above from the analysis of srror data.

Claseification of Errore

o

In the foregoing treatment, errors of differcnt magnitude were not
distinguished, Table L shows the frequency of srrors of ome, two, and ten
units and orrors of miscellancous eise. Inthigtablomantnimor
eleven units werc entered both as unit srrore and as ten-unit errors. The
miscellancous errors included eleven orrore of five, twelve of twenty
(plus or minus one), ant ono each of thirty end forty units, Reversal
errors (s.g. reading 37 for L3) were difficult to identify and eeemed so
rare as to warrsnt nc scparate analysins, The tublr shows the dietribu-
tion of tho major classca of errors by dial design, dial size, and atti-
tude, for all subjects and tcst-reteet combined,

Inspoction of Table 4 shows that orrore of onc and two units were
roasonably similar in their distribution, There is a etrong suggestion
that tons and miscellanoous orrars wore dietributed differently than
errors of onc and two, Thc table aleo shows the rarity of ths larger
orrors. In a total of 12960 readinge thore were only 178 orrors of mare
than one unit, and only 149 of more than two unita, For the designs and
eizes etudied, srrors greater than one or two percent of full scalo were
very few in number, Novortheloes, as will be ehown below, even these




designs oould be improvod to afford a marked rcduction in the number of
errors of ten unite.
Tablo Lo Distridbution of orrors of various amounts by dial design, dial
sise, and attitude. Becauso some errors appear twics (e.g. an error of
sleven appears as an error of ten units and also as an error of one unit)
the grand total will not agres with that of Table 1, ¥or each design and
sach siss 1,320 readings wers taken; the corresponding figure for each
attitude was 6400 and the total number of readings was 12960,
8ises Attitudes
Speed Total
and for
0s7- lis 2.8 Accuracy Acouracy Type
63 AT 194 619 m 1150
18 7 L 22 7 29

by W6 29 55 53 19
13 1 6 20 10 X

The Location of Specific Errors
The relative ease or wifficulty of specific dial settings has been
investigated for the presaont data and tho detailed results will contrib-
uts to a later report devoted specifically to the problem of digit and
sector difficulty., Here it should be remarked, however, that certain
final digits and certain sectors of the dial appear to be considerably
more difficult than others. For the different final digits the data do

not opposs ths expected principles, 1) that scttings on stressed scale




divisions are relativsly sasy, 2) that difficulty incroasos as one departs
from a stressed division, and 3) that bisection is easior than other forms
of interpolation, For the diffcrent sectors around the dial, the reasons
for difforencss in diffioulty are not cbvious.

In the oourse of this analysis of errors for specific dial positions,
an ispartant type of error was found for tho sottings 52 and 53, In
reading theso two sottings alone there were fifty six errors of ten units,
nearly half of all the ten~unit errors in the whole experiment, These
settings were read as numbors in the sixties in evory instancs of this

sorts Tho reason became clear upon inspection of the dials, At these
settings the pointer partially obscurcd the numoral 5 and made it resemble

a partially obscured numeral 6 (an cxample is showm in Figure 2). Several
subjeots socmed to be somowhat awarc that they viirc misrcading settings
in the fifties gonerally, but analyzed their difficulty as confusion duo
to_ the memory of tho position of six on a olock faco. Inspection of the
numerals shown in Figurc 2 will suggost that a similar typo of error may
be axpected at pointor positions other than 52 and 53, for inatanco at
88 and 31. Thoso obsorvations suggost that numcral desiens should bo
olosely scrutinisod before adoption, boaring in mind tho relation to
pointer design and to the position of the numoral on the dial face.

Frem ths methodologioal point of view, the existonco of speoifio dife
ficultios indicates ths importance for many cxporiments not only of match=
ing sottings on all dials to bec tested, but even of including all, or




nearly all, possible ssttings in cortain cxperimontal serics. The problem
will be particularly acutc whenever the oxpootod differencos in the cffects
of dial variables are small and whon the experiment is oconcurnod with
ocales which aro graduated to the same numbor of units, Fortunatoly for
our analysis of variancs of errors, the spocific orrors in roading 52 and
53 wore distributed with reasonable uniformity ovar experimontal variablos,
but our procedure of choosing "random® sottings gave no guarantoo that this
fortunato result would ocour,

Practico Effects

Ono purposc of this oxporiment was to study practico offects and, in
particular, to find out whothor tho tcst situction was onc in which
lllmov would have to bo mado for training. For this rcason, readings
wore made bty all subjcets at two poriods, soparatod in time by almost a
month, Vhen tho results of the original tost were comparcd with the
rosults of the retost, it was found that tho orrora woro redused by about

20 to 25 porcent for cach attitudc. Accompanying this shift was tho

appoarance of scvoral statistically significant intcractions as shom in
Tablo 3 aban'. Time scores showcd no similar change, although time on the
100 x 10 dial was considorably slower for the rotest under the accuracy
attitude than for the original tust undor the samo attitude,

In ordor to obtain an indication of tho possiblc within-sorios prace~
tice effects, "work ourvos® were plotted for cach subjcct, showing his




performancs on sucosssive sets of nins stimulus oards throughout the fifty
four cards of a sitting. For the time scores there was a general trend
toward improvemsnt within the test period but little, if any, change within
the retsst. For the error ecores the indication of uth:l.n-!crhu practice
effects was less clear becauss of variability within the series, yst the
same trend probably existed for the tsst period. No sarly improvement
attributable to "warm-up® effects was cbserved in the ourves, The com-
mente of the subjects indicated that temporary attitudinal shifts and
changes in judgment criteria ocowrred in the oourss of some sittings, This
nay have acoounted for some of the variability in the work ourves and, in
the future, attempts will be made to isprove the control of these factors
by more precise instructions to the subjoctse

From this consideration of ohanges in perforuesnce within and between
seriss, it is omncluded that practioce is a factor which must bo regarded
in future experiments. More retest scssions are noceded to doteraine the
isprovemont limits., Thore is a suggestion in the prescnt data, however,
that most of tho improvemcnt in reading may occur in the first ssssion.
If this 48 80, practics effects may bo minimisod by scheduling a prolimine
ary practice or familiarization ssssion for all subjects. This will be
done in forthcoming studios,

Speod of Roading the First Dial on Each Card

In designing the axperiment, it was suspected that tho time of reading




the first dial on a card might not be typical of the time for the other
dials, Were this the case, thore would be a difference botwean tho time
dats ocbtained by William's procedure of reading a singlo dial at a time and
data obtained by the procodure of reading a number of dials in succcssion.
Hence, provision was made for a separate mcasure of tho timo of reading
dial 1 on every card, When the average time for the first dial was com=
parcd with the average time for the othor cleven dials on the cards, the
suspicion was confirmod; avoragoe time for the first dial was 2,9 seconds
as comparod with an average of 2,0 seconds for tho other olevon, However,
the differences botwoon disl designs, aizes, and conditions, which were
described above for data based on all twoulve dials of cach card seemod to

be prosent in the data for the first dials alonc, There was only a

slight, non-significant difforance botween crrors on the first dial and
orrors on the romaining dials, 9% as compared with 10f of roadings, Nover-
tholess, in viow of the longth of tho first-dial times and our interest in
gotting more reliablo timo measurcs, it soomed appropriate to plan future
experiments so that the first dial rcadings on each ocard will be omittod
from all oomputations and comparisons, A somewhat similar line of reason-
ing, although not yet based on factual data, leads us to axpoct that
resulta for tho last dial on any card should also bo climinatod,

Summary and Conclusions

A procedurc has boon dovelopod and tested for the study of procision




of dial reading, It consists ot presonting twelvo dials simultaneously to
an individual subjeot, and scoring his performance in reading the dials in
terms of errors and average time, S5ix subjects were used to test the pro-
cedure in a preliminary study of dial size, dial deeign, reading attitude,
eubject differences and practice effects, All dials were acaled from O te
100 over the full circumference, Siees were 2.8, 1.4, and 0.7 inches
scals dismeter, Oraduation was by tens, fivse, and units, Ths following
oonclusions are dramnfor the data of the axperiments
1. The analysis of all srrors showod that error frequency was lower
for the larger and the more finely graduated dials, and for
reading instructions that emphasized accuracy (ses Table 1, p.
2l)) . Speed of reading was fastor for the larger and more finsly
graduated dials and slower for reading instructions that ampha=
sieed accuracy (see Table 2, ps 27)e The differences between the
two larger dials were not great and the differences between the
dials graduated by fives and hy unite were not only small but
they wore aleo inconsistent. There are indications that some of
the variables atudicd in the oxperiment may interact with one

anothor.

2o Until more eatiefactory moeasures are available for subject vari-
ability in speed of reading, time sceres are more difficult to
analyse than error acorece. In so far as it is possible te analyse
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the time scores by orude methods, the time scores support the con-
clusions rcached from the analysis of orror data,

For tho dials and subjectsused, there were very fow orrors greater
than one unit, that is, grecater than onc percont of the full acale
(s0e Table L, pe 3i). The percent of total readings in crror was
10.1. 7Tho percent of total readings in error by morc than ono
unit was 1.3.

Numeral design may be responsible for large dial reading orrors
since partially ooncocaled numbor: may bo confused with others,
Army-Navy Aercnauticel Design Standard for numerals, AND 10L0OO,
peraits ready confusion of tho numeral & with the numeral 6 for
our pointers as usod on our dials whici: .laca the numeral five
at the bottom of the dial. '

Until moro is known sbout them, practice offects must be recog-
nised as variables of importance. In this experiment they re-
sulted in a drop of twenty to twenty five percent in error scores
from test to rctest and a change in the importancoe of some of the
intcractions.

The following oonclusions are drawn for the oxporimontal procedures

1. Subjooct difforuncca and subjoct interactions (sec Table 3, p. 0)




appear to domand an analysis of the data subject by subjoct
rather than an analysis of group averages.

A test procedurc which requires single dial readings appoars to
result in longer reading times per dial than when readings are
made in sequence, When a bank of dials is read, it is probably
bost to omit the first dial read from the analysis.

Selecting different random sets of numbers for the settings to de
used on different comparison dials is poor practice. This conclue
sion follows from the existence of marked differences in the
reading difficulty of particular dial cettings. Since the origin
of all such specific difficulties cannot be determined in ad-

vance, allowance must be made for them in planning experiments,
Hence, whore dial variablos may be expocted to produce relatively
small difforences in performance, the only ssfe procedure is to
match settings for all comparisons or, if this bo impossible be-
cause of the diffcrences in tho total scale valuea of the dials
to be compared, to usc all or noarly all possiblc settings.
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Experimental results in the development of methodology for legibility studies and a
preliminary investigation of dial reading were obtained from six reading panels of 12
instrument dials and calling the indicated values. Three dial designs, each in three
sizes and differing in sub-divisions, were used, It was concluded that errors are less

frequent and speed of reading faster for larger and more finely graduated dials. Errors

are reduced also when accuracy is emphasized.
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