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DEVELOPMENT OF A HUMAN PERFORMANCE RELIADILITY!
DATA SYSTEM

David Melster
Bunker-Ramo
Westlake Village, Calllornia

and

Robert G. Mills
Humon Engineering Division
Aerospace Medl.al Reccarch Laboratory
Wright-Pattarson AFD, Ohio

ABSTRACT

A study was porformed to detormine the roquircments
for anu the elements of a humun performance reliability
(HFR) data system. The heart of the IIFR eyatem is &
taxononic etructurce for clussifying tehavicral studies.
140 studies from a variety of sources were coded using
this tuxonomy. Tec test the efficlency of thie data
brink tu provide answers to ayosiem development quasiions
@ number of tesls were performed to determine the rele-
vunce of the data roirieved to the queations asked.
The rosulta of thena tests lndicated that {t is possi-
ble to expand the HPR date base provided one is not
restrictnd 1o & probabilistic metric.

JNTRODUCT ION

The primary purpose of this study was to determine
the feasibility of cxpanding the amount of data mvail-
nble for predicting men-machine performance and to de-
velop a methodology for performing that expansion.

This study 1o purt of o larger program to develop an
HPR system.

We have used the term "human performance reiiability"
or NPR to denote a metric for the prediction of mun-
machine performance. In general, that prediction re-
fers to the anticipation of any type of performance ef-
fact resulting from the combination of men and machinea.
One way of conceptunlizing man-machine prediction is
a6 the application of performunce data in order to hu-
man englneer design. In the more traditional and ree
stricted relisbility sonse, man-machine prediction le
the mpplication of probabilistic date to man-machine
ralationships to establish a quantitative figure of
merit, o.g., 9978, Cor those relationships., We alao
distinguish betwecn the HPR data system and the data
bank which is onu element of thut sysiem. The term
HPR refers to the system, not to the dats bank.

Obviously, HFR prediction ls only as effective as
the body of quantitative data on the basis of which one
predicto. Hence the necessity for s substantlal data
hanke The inedaquacies of presently avaliable HPR data
bLanks have been pointed out repeatedly by workers in

the HPR £1 . +1., Melster, 1964, Swain, 1964, and
Altman, 19c"-  Attempts have becn made to remedy the
deficlencie. *-. such efforts ns ihe Anerican Inetitute

for Research (AIR) Data Store (Munger et wl, 1962) and
by compilations made by Blanchard et al. (1966), Irwin
et al. (1964) and Hornyak (1967), but all of these with
indifferent success,

An adequate data bank must be both comprehensivo
(1.e., tmsud on & pufficiently lioge number of sludies)
and relevuni to sysiem development goals. Onc might
assume thal in view of the thousands of behavioral

1
This puper 18 basmi on the final report for contract

F33615-70-0-1518, porformed for the Human Enginecring

Division of the Aercspace Medical Research Laboratory
by Bunker-Ramo.

sources In the lllerature there would be no 4ifficulty
in cstobl iohing a comprehensive dain bank. However,
present dota benks are not comprehenuive, the AIR Data
8tore (the onc moot generally used) being bused on only
164 studies,

One reason for prensent data bank deficiencies is that
there ls a difference botween the avnllability of data
sources und the avalluvility of data for use in an HPR
date bank. Deupite the large number of behavioral data
sourcen, the data they contoin are not neceasarily rele«
vant to the spoclalized requiremonts of HPR. Becsuse of
thio we diatinguilsh baotween the gencral behavioral 1it-
erature, which may be more or lous reluvant, and vhat we
cul) mun-muehine~opocific literature, whleh one wouid
aosum? to he highly relevant.

Man-machine rolevance iv directly related to the de-
gree of pimilarity between the task characteristlcs
found in putentisl data sources (the studies) and the
characteristico of the tasks employed in operationul
systems, By touk characteristics we refar to!: the be-
havioral functions of the tesk, the nature of the atimu-
11 and the rceopronse equipment, the nature of the indivi-
duals performing the tasks and the physical and task en-
vironment In which they perform., The more each of thesa
reoemble thugse found in operational sycstems, the greater
the relevance of the study.

Becaune each of these task characteristics muat be
conoidered, it is not enough tor the subject matter of
the study to appuar relevant, for even in this case the
data within the study may not be completely relevant;
and even if tho data are relevant, they may not be in a
form which makes them readily usable for HFR purposes.

The task of dala bank development is thersfore not as
simple a5 it might appear on the surfaca. Later we
shall discuss in detail the speclal requirements of HPR
and the implications these have for the development of
an uppropriute datu bank. For the moment it is enough
to say that HPR hus two genersl requirements: to predict
the performance of pergonnel performing in a wman-machine
context; und to help in the solution of design problems
in & manner that will maximize that personnel perform-
ance.

Deuplite the problems that have been cited, it seems
reasonable to ascume that & leurge amount of data oxists
in the general behavioral litersture that might be used
to oxpand availablo HFR data banks. It therefore makes
sensc to try to extract those data from the literature
and to put them into a form usable for HPR prediction.

The study hed three phasas. In the first phase an
examination was made of the kinds of syatem development
questions which an HPR date system should be capable of
answerling. There would be very little point in develop-
ing o system vhich hud only theoretical use by research-
ers. The firot phase also required the development of a
methodology which would permit the expansion of the HPR
data base. This methodology wes conceptualized in terms
of u schome for claseifying the behavioral research in
HPR turms (1.e., o taxonomy). Phase I concluded with
the development of a detailed specification for an HPR
data oyotem (what it chould consist of).

The necond phase Involved the application of the
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taxonony toe wtud!er extracted from the literature to

furm # preliminary HPR data teak.,  This duta bank wms to
DU pudtily eapus due shal, e SO0V S50 omanne of toaaring
the feanibllity of the gugrented methodology. The do-
volupment nd validation o o comprehennive HPR daua bank
woere mani{-6tly beyond the seupe of a alngle study.

Tn phane 11T the prellminary HPR data bank wan ap-
pliad to the solutlon of 4 number of ayutem development
problems cr questions suggosted by wn nmctual syotem de-
velopuent project, fhe guccess of this test would India
cate how promising the proposrd methodology wue,

MELHOD

Nature of the Probtlom

‘o mnke use ot the data In the general behavioral
Itevature, Lt {0 necessary to integraote data derived
from a varlaty of studles, each of which used different
methodn, different cquipmints and Investigated different
variablen.

The data, whether eypressed in the form of crver
or timc or wiy other measurs, pose relatively 1{t-
tle problem for the developer of the HPR datu sysiem.
The difficulty the latter encounters lies in the fact
that the study clements in the gencral literature either
do not deooeribe man-muchine operations, or do so only in
part. If 'he teok clements In the general liternturu
adequately doseribed these man-machine operations, their
anta could be used falrly readlly.

The problem, therefore, becomes ovne of clasellyling
the elements of tehavioral studies in terms such that
they nerec with the clements depceribing man-machine ro-
latlonshipo. If behaviorsl task element X is def'lned ay
equivalent to man-machilne tosk nlement Y, data describ-
ing tne former can be combined with data describving the
latter,

It iy reasonuble o astume that general behavioral
and man-uachine tucky are related at some higher order
luvel. Obviously the performance of a man-machine task
involves gome behaviorul foundation. ror exumple, to
read a meter Involves perceptios, no matter what else 1t
involveos., When a cubject in u poychological atudy reads
cards as hip exporimontal task, tils too involves pers
coption. The problem {u, how can we squate readlng
cards with rewling u meter {(or resding any displsy, for
thut matter)? The stimulus characterlstics diffor In
the two canes and 1t ls rowsonuble to assume thal thede
characterlotics ulso affect the manner in which ihe
function (reading) 1 performed. Nevertheless, 1if one
could In some fashlon equale the two funcdons, the data
in the behavioral activity could be used to predict the
performance of the man-machine activity,

The Proublem of Clussification

Before we ran equuate or otherwlsae relate two or more
thenomena, however, they must be classifled. The need
for 4 clacaiflcatlon system- o human performance taxono-
my- hag been recognizcd for years (see, for example,
Melton and Briggs, 1960). A number of taxonomics have
been developed for varying purposes. Classification gy~
teme huve been proposed In Lerms of (1) the behaviors
capuble of bveing observed durlng task performance; (2)
th behaviors, functions or processes presumibly re-
quired during that twek performance, but which munt be
inferred from performance; (3) the abilities the opera-
tor musy possers lu order to accomplish tasks; (4) the
charactoristics of the tapk In terms of ite stimulus and
response propertles (eg., complexity, sequence, cte.).
At the present time a mnjor 5-year effort is btelng une
dertuken by Fleishman and hls co-workere (ses Chambers,
1969) wider ARPA sponsorship to develop a human perform=
ance taxonomic systom.

Taxonomies differ, however, 1in accordance with the
purposy fur which the taxonomy ia designed. Previous

workurc have talked of the taxonomic problem as if
there were only one taxonomy. and 'f that one wera de-
valnpad. it wnld nolue a1l difficultica. Tuis 18 not
true. Therc wrc almply e nunber of possible taxoncmies
for Hdifrcrent purposca loading to Aifferent conse-
quencan nnd oulputs.  Since the HPR vlaessificatiog
vhruciure s digecled sl the ategration of data from
widely different gources, it will probably dlffer
materially from other clessification systems.

Definition of the HPR Datu System

Although thls study was directed primarily 1o the
dovulopment of a method for oxpanding the HPR date bank,
such n duta bunk can ba thought of meaningfully only
ai purt of wn overall dats aystoms 1t is therefore
necaosury 0 ppocify whal that system should consist
of.

We use the term "HPR data nystom” to represent the
followlng:

(1) besic ncoumptions and goals underlying the
systoem;

Eg definltions of data elementsn;
j) & structure for clasoifying the dota elements;
h; procedures for developing a data bank;
9) procedures for deriving date from the bank;

6) procedurcs for utilizing thase data to satiofy
pyetum roquirements.

In describing tihe HPR data pyatem it is neccosary to
examine (a) the functions the system should perforw;
(b} the oystem development questions it should answer;
Ec) the clements that the data system should {nclude;

d) the requirements the system must satisfy. ‘These
arc deserived below.

Functions of the HPR Date System

Befure developing an HPR system it is necessary to
ask what wo expect the system to do for 1ts users. To
solve the various problems encountered by system develd
opers and the operational upers of such systems, the
HPR syatem should possess both desim and predictive
capabilitica, (It should be pointed out that if tho
only people who were expected to use the aystem wers
human factors specislists and rellability engineecrs, it
might be unneccosary to require HPR to huve & design
cnpability).

1. Design Capabllity
A+ Ald 1n the allocation of functional respon-
uibilities between men and machines, theroby
suggesting the manner in which a man-machina
configuration should be desigmed.

B. Aid in the choice among alternative man~
wachine configurations and characteristics.

It ip avgumed that if the system developer lmows
whit human performance can be expected as a function of
the manner in which the man-machine configuration is
designed, an appropriate choice can be made between al-
ternatives.

Assuning that certain system functions must be per-
formed, the designer conceptuslizes various waye in
whi:h these functione can be implemented, The APR datu
ayuten should be able to indicate the performance ex-
pected of the personnel in each slternative. If human
performance ie Insufficient to satisfy system require-
menta, the function must be implemented Ly cquipment,
If haman performance In two or more alternative config-

rationg will both satisfy system requirements, then,
knowing the antlcipated human performance in each con-
friguration, the dereloper can select the coufiguration
which will produce the more efficient operator perform-
ance.

2. Predictive Cuapability
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A. Prediect the performancm of one or more opers
ators and maintenance men performine n vuri-
ely of behuvioral functions in reiution to
speciflcd equipmmt and syslem conf.yura-
tions; ull of this at various levels of ays-
tam complextiy.

B. Indicate the relationship of operator per-
formance to overall aystem outputs. At uny
time during systom development the developer
should be avble to pradict what the perform-
ance of system personnal will be with u
given man-machine configurstion. Hc¢ nendo
to do this for several reasons:

(1) To compare alternative man-machlne con-
figurations as in the deslgn capabllity
function denscribed above and to <deter-
minc which design characteristles need
modification;

(2) To compere unticipmted human performe
pncoe with that required by the syotom
to determine whore system modificutions,
1f any, smuot be made;

(3) Whore changes in system performance are
required, to detcrmine where theoe
changus should be made, 1.0., in which
system clemonts, the equipmunt or per-
sonnal.

The HPR dnta system alsc implies (even though it may
not be stated explicitly) certuin measurcment characteris-
Lles., Uy speclfying the glements that influenced pers
sonnel performance, the system implico that thesc arc
the elements which should be meamoured or which should
be taken into account during the measurement process.
For axample, the KPR nystem ruquires a specification of
the characteristics of the stimull and tesk performance
charactnristics found in the measurement situation.
Pherefore, in any moasuremeni sltuation which is to bve
used to provide data for HPR, or whose data are to be
comparad with a prodletion based on HPR, 1t lv necess
nary to dederibe these alementa. If this 1o not done,
the date gathercd cannct be integrated with HPR.

The reyuiremant to eld design solutions and to pre-
dlct performance levies certaln requirements on the HFR
data systems In order to uid design the enowers oup-
plied by the HPR system must be translatable into de~
sign recommendations, i.e., must be usable by designers
and developers, 'This weano that performance values sup-
plied by the system must be acsociated with not only an
equipment type {ced., types of controls and displays or
internal components) but also with attributes or dimens
slons of thosc nquipment types. One must be sble to
predict porformance not only as a function of meters,
but mlvo as u function of the scale on the meter, the
size of the meter, cte. The designer wishes not ouly
to know which control/displsy component he should se-
lect but slsc, and even more importantly, the charac-
teristics he should include in that component, Thig
problem has been recognized before; if one looks at the
AIR Dats Store (Munger et al., 1962), one eees that the
performance velues have been partitioned among indivi-
dual equipment characteristics.

Aspuming that performance data are mssoclated with
individual equipment characteristics, a second problem
ariges. FRgquipmonl ic usually sclected not on the basio
of the indivldual characteristic, but rather a combina-
tion of characteristics. Assuming, pursly as & lLypo-
theticel example, that characteristic A had an operator
performance probabllity of .95 associated with it and
characteristic B a performance probability of .87, what
will be the performance probability associatod with an
equipment which has bouth characteristics? What is the
effsct of characteristic A whon combined with charace
teristic B It is unlikely that the two characteristices

are completely independant of each other, vhich nuggests,
as Swnin (1967) hee pointed cut, that. & gimple maltipli-
cullve relBLIOUBRLIP WOUWLl He Lo S LnpLIct i

The uyntem configuration the dieveloper ic lealing
with requires not only the specification of equipment
ccmponenta, but slso number and types of manpuwsr, the
proceduras they should employ in rmaning the fyutem, de-
termination of training content and duration and the
speeiflention of work-rest cycleu. 'To choose wmong al-
ternalive mn-machine configurationt, when these include
learning, manpower, cte,, means thut the APR system must
provide data relatod to thewe paramctors.

In addition, silnce the system the developer works
with involves nol only the single operator intoracting
with Lla cquipment but groups of operators and equip-
menis, to be maximally efflelent, one musl cupply data
rolevunt Lo multl-man groups, For tha pame reason, the
predletlon one svecks 1o a prediction of parfurmance of
all syutem personnel functloning to uccomplish the sys-
tem goal; hence HPR must be able to combine individual
prediction values to develop s prediction of that goal
accomplishment.

Obviounly then HPR must supply anawers et various
leveln af intorrogntion, ranging all the woay from com-
ponent attributes und components to cubsystems und syas-
temn; nnd, In teran of the behuviors involved, from task
alemento (Lhe slnglo swileh-throwing sclivity) all the
way Lhrough tacks, provedurcs and flnully Tunctions,

The fact that total system output ls not necreesarily
aquivulont to the performance of o single operator or a
single functlon/task requircs HPR to dndicate the relae
tionshipu lo syctem output of the perCormance of the
ginglo tusk, tho single operator snd of all system per-
gonngl, Tho rules for combining purformance datu from a
lower lovel (ceg., task oclement) to supply o higher level
(esgsy taok or functlon) parformance prediction are quite
obscure, but HPR must contain them Lf it 18 to be effec-
tive,

The HFR gystem doveloped au the output of the pres-
ent study obvloucly cannot contuln all the featu: .8 deds
vribed abuve, olnee considerably more work muat br done
bafore prubloms guch ng the combinalion of task predic-
tione and the prodiction of group parformance can be
solved.

Bystem Development Questions HPRK Must Answer

Since we aouume that HPR exdsts to supply answers to
questions raiucd during system development, it is ncces-
sary Lo explore these.

l. What is the operator's capability

ne To perform various functiong
b. Under various taok and orivironmentasl condi=-
tionc?

The quastion ls the baslc one asked carly ir system
development, when the problem of function alloeation a-
rises. Glven specific system requirements to bve ful-
f1lled, will the operator be eble to satisfy these 1f he
18 agsligned the function? Assume that § messages will
be reccived ln a given period of time. If the operator
is glven the responoibllity of recelving these messages,
will he be able to do sot Answers to this question will
to a great extent determine whether particulaer functions
are allocated tu an operator, because if he cemnot per-
form Lhe function, an nquipment oolution ia automatical-
1y roequlired.

Obviously the question cannot be answered if we
think only of & gencral function such as message recep-
tion. What aboul mepsage duration?! Massage format?
The mannor in which messages musi be rocelved f.g., vise
ually or aurally?). These imvolve task and environmen-
tal conditions which must be linked with the bahavioral
function to make the functional data meaningful.

It 1n apparcnt that no task element In HPR really

[ .
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has much meaning by {ioelf, It one verv to usk, what ig
tha offecl of messog: formar on operator performance,
the wnower would be polatively meaningless unless velas
ted to olner Interactive task charactoristics such as
resgage length, mode ot precentatlon, ete.

A8 1 consequence, performance yalues aceecisted with
Tunltvidunl equipmont, tark e pgetom attyibuten repres
tent only ahutraetlond from an experimental Ltest.  What
dous it mean when one puys that performance as a fune-
tion ot certuin genle characteristios 1a 087310 For
convenlunce we mny phrage L that way to perult calculu-
tion f that performanes ertfect in internction with
othar perfurmmnce effects of individunl charocteristics;
hut whnt we really mense le that the etfoct of altering
neate churacterist ten In o purticular way is to ruduce
br alter oprrator pertformance on a glven task with a
plven equipment. by 1 esrtaln woonnt, cgr, 0037 or
J0LB.  Chango the tagsk or change the equipment with
these same acale choractertoticn nad the nrfect of thona
eharncterivtion op performance will be 21117 or .00003.

In order to provide u meaningful anawer to tho user
of tne HPR ayatom wo munt therefore assoclate a data
item with aB complete a desceription ao poosible of tho
ent ive lask performance contuxt. It aloo means that
that datum La valid only for Lhat performance contoxt.
In other wordy, Lt Is necesnnry that o glven human per-
formunea {0y 0743 0or 5 errors in 100 trialo or 19
irtale to learn) be unsocinted with all of the tnuk
charactevigtics refrrred to previously: the behaviroal
functlon performed by the human, the nature of the
equlpment used, the environment, the nature of' the otim-
ull and thelr charactorictlics, the chnrarteriotive of
the subjJert porforming the tnoak, cte. This has malor
implications for the dovelopment of an HFR tuxonomy, os
ve shall nme later.

It w+ill be objected thot this lmposes an lnordinate~
ly difticult requirement upon the HPR system, because in
effect one newds date for an oxtremaly large number of
porgible combinatlons of the above tesk elomonts. Als
though this io trus, we see no way out of the dilemma.
flowever, it is not supposed that one has to uocure nll
the necevsary data at once. Morcover, a consldureble
amount. of data 18 uvailable thut con Le used for HPR in
1ty deolpn caparity, oven It they cannot be uged to de-
velop & quantitative f'lguee of merdt,

The point Lo Le remembercd e that behavior 1o net
componal of responscn to disercte entities like ucales,
Juystlek lenglhe, ule.; these nre ahstractionuj nor can
once reconntitute muuningfully humogeneous pexformance by
syntheslzing Lhe performance vialues associated with
theae abotrucllions.

All of the preecding suggests that to be optlmally
efficient HPR must provide data at varylng levels of
system complexlly, vurying precision end in terms of
vurying mengures, The particular mcasure selected is
fmplled by the nnture of the functlon/task performed.
It is concelvable that more thuan onu measure cun be ap-
plicd te a particudar funetlons From the standpoint of
HPR roquivemente, 1t ts undeslrable that only o slogle
motric be available te HPR. Thia is particularly true
in relatlion to ite deslgn capabllity. Morcover, that
metric must be mewningful <o the system develop:r vho
ures HPR.

. What 1y the offect of varioun types of cquipment
characteriytlcs on the operator's performance of
specific functlons under specific task/cnviron-
mental condlitions?

Assuming that the system developer hag deeldod to
asslign the reoponsiblllty for pertformiug various fune-
tions to an operatur, hls next major gtep will be Lo
fdentify appropriate equlpment and equipment features te
implement the operator function. For example, in a hypo-
thetlenl Alrborne Command Post aystem Lt has been decided

thal certuin tacticsl and strutegic messagas, e.g., alr-
cral't. lusses, missiles launched, ete. will be displayed
on large screen CRT. Now 1t 18 unlikely that the de-
cleiun Lo employ o large screen UL will Le siriclly o
function of operator performance relative to CRTs, but
glven that vuch a display is to be used, a host of quas-
tionu artue: how large must the symbols be to be viaewed
necurately; whnl 1o minimally scceptable veosolution; how
Inrge shyuld Lhe oereen bej the amount of ambient light-
ing. ctes Note that the answer provided by HPR must be
In reiation to u speciflc function performed relative to
the CRT, becous: the parformance values ons derives from
HPR will differ, depending on whether the cbserver must
Loeabe datn, or updste datn, or wnnlyze the dieplayed
intormation. Thip torces w relatively high dogree of
speeificelty on the upor of PR to phreso his lnquiry
precisely Lf ne 1o to recelve a precise ansver. It also
roquircs of HFR that Lt supply fairly specific snawers
£0 quurles 10 Lhose anawars ave to be uacful.

1. What phyvical and physiolopical limitations does

the oparator impovn on equipment deuign and
tunction/task performance? What environmental

fuctory Influonce design und performanca?

Thase quegtions are askead during detall design, ia
the phase In whleh equipment cheracteristlces are being
duvelopeds 1t 1o well known that there are physicul
(vess., anthropometric) constralnts on equipmont that
mist ba btnken fnto account durdng deslgn. The ulgnifi-
~ance Cor PR of this is that If we pay that HPR mupt be
rupponolve to uystem development quections, it aust ln-
clude a body of data relevant to design even though
these date may nol be formulanted In terms of a porforms
ance measure, Ao a conscequence, HPR might inciude guch
items uo o tnble of recommended control or diupluy wizes,
even though a opecifioc performance equivalent of oach
control/dlopley size might not be availamble,

ba, How “dc'i‘“"teél will the operator perform specie
tic tanks under various taaE?environment&l con=
ditiona?

b. Tow 1o the performanca affactad by varioua
uquipment churacteristics?

This two-part question is un extenaion of question
(1) which dealt with operator capebillty to perform mora
general functicna. Quostion (La) deals with tasks; in
the mory detailed supoets of design HPR answers phrncod
in function terms (as they would be for question (1))
would be fhudequate.

5. What ic the effeoct of different amounts of man-
power on performance of an individual tackt Of
multiple tasks?

One of the problems the system developer encounters
is the roquirement to deteruine the number of persounel
needed to perfori individual or combinations of tasks.
Doecs a syatem requlre o two-man crew or threa men? Al-
though the detevmining factor in solving thia problem 1d
the olructure of the system and the task, HPR might help
in vorifying whatcver decision (as to crev size) is made.
The sume man-machine configuration with two different
crew aizes could be compared in terms of thc performance
1o Le vxpucted with cach crew size.

6. How does the performance of one task affect the
porformance of B second tuok which occurs either

concurrently or sequentially? How is this task
performance Interreiationship affected by variows
typed of tacks and tack conditliona{

Thie deseription of HPR requirements has until now
dealt largely with individual hehavioral unita (aither
functiono or tunks) but obvioualy such a limitation vev-
ercly reduces the usefulnces of the HPR aystem. In or-
der to predict totul gystem performance (the goal of
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HPR's predlctlve rapability) it will be necesuary to
combine tamrk and equlpment performance values.

The typae of combinntlons the final HPR oystem
enould Le ahle to hundle ure:

a. multiple aquipment characterintics within the
same oquipment;

b, multiple task clementno within the vame tuok;

¢, the intersction of equipwent and bhehuviornl
functlono 1n a slngle Lanks

d.  the Internctlon of multiple coneurrent and nn-
quentinl tasko;

m.  the interactlon of moditying tank conditions and
aingle and multiple tacks,

Tha queations the combilnatorial process should be
ahle to answer wre:

e, What i Lhe effeel off performlng Lwo or more
1usks concurrently nnd the ronultant performance value?

be For any verles of intorrelated Lighaviorul unlts,
what I8 the performarce valuo to bu expected when the
serien (o aompleted by the oparator? -

¢o  What 48 the veloebionohip between the expocted
porf'ormance of any bobavioral unit and the flnal per-
formance value found ir (b) abova?

The systom developer will find thls information use-
ful 1f, for (a), he is trying to declde whether n glven
behavioral unit should be performed concurrently or ge-
quentlally; for (b), if he wantn to determine whebher
oporatnr performunce of the entlre system will satiufly
system requirementi; for {¢), if he wants 1o know wheth-
er modlfying any ningle bebaviors) unit will produce a
highor or lower cyitem outpuls

The optablivhment of combinatorial rulee Lo the moot
vomplex tusk required in the devolopment of the ultimate
HPR oystems We do uot protend to have anowered this
quastion in the preosent eiudy.

‘f+ How doon Lhe operstus’s performanco vary as u
functlon of rcpouted friuvls ini s) Iearniug o
parform Lhe tuoky h) porforming the loarncd
tusk (eeg., rutipuc)?

During detull dosign the developor is faced wlth the
problem of deturmining how much training should bo pro-
vided the operator. Training duration is i{nfluenced by
the highust degreo of porformunce which ona can oxpect
as & function of ropeated lowrning irials. The muwximun
proficlency expoclued of the operator can sloo sorve ag
& performance stundard which will ussidt in cettlug up
pystom requiromonto.

In many oystum upplications the developor is coi-
rorned about Lhe effeat of fatigue on performunce, par=
ticularly in termns of detormlning an optimal work-rost
cycle. Fatigue may be reflectod in increasing perform-
wee variobility, inereased crrors, etcs Since perform-
anco dograden os o function of time, HPR should speuvlfy
the amount of thut degradetlon that can be expcetud,

It is apparent that to supply unswers to all tho
questiono which one would wish tu mnswer great manoos of
data munt be enteroed into the HPR system, Mmnifoctly
prevently avalluble HPR dale banks cannot supply thooe
dnta; hence othar sources erc needed, whlch ls of course
the point of the prevent atudy.

HPR System Elements

A reviow of thu system devolopment quostlonu which
HPR nmupt enswor suggosts the slements that HPR muot con=
tain, These include

l. Definltlong mnd taxonomic categorizaetions of
a. bohaviors;
b. eguipmonto and equipment characteristics;
¢, stimulug characterictics;
d. modifying parumceters;
e. rcuponve mochunioms and meauures;

f« convironmerital factors;
e perzonnel characteristlicn.
2+ Performance dats deseribing the ftemc listed 1in
(L) avbove. Ifis 1B thC HFU udle oank,
4 A mutriec or wvay of expreuslng HPR cutputs.
4, Rules of opeorations for
a. LIlnterrogatling the HPR datn system;
b, retrieving datn from the HPR ocystum;
v, outputting IIPR date;
d. combining performance valuen)
u.  uvxlrapolating or gunerallzing nev data from
alrsudy avaliable date.

HPR dystem Requiremsnts

The lollowing list describes thuse requirenents
vhich the HPR oyoton must satiefy If Lt is to provide
the funetlong eof'orred to provicusly. No purtleular or-
dar ol priority i lmplind,

1. Porformnnce datu, in e variety of appropriste
motries, munst be capable of being uwssociated
wlth a variety of combinatiocne of man-machinn
olemento .

2+ VPR dalu must be capsble of belng retrieved for
ecach nuch man-miching combloation., 'he retrie-
val proensn must not be lnordinately lengthy.

3. Dulinit ons and cutegorien nf Lthe system ele-
mentn must be in terms that aro meaningful to
nystem developmant users.

I Entry to the HPR nysten must be relatively emsy
unid must, bo cupabla ol being nccomplished for
ench osystom element and element combination.

5, The system munt contwin rules for comuining pers
formance vuluen to devaribe total system output.
Tt must pospess rules that permit wodiriration
of performsnce values for nome system elements
by the inclusion of other elements in the behav-
iorul unlkt, cu@s, dntermining the afle~t of sub-
ntarndard lighting on performance of n leglbllity
Latiics

6. 'The syotem must accept data Trom a variety of
sourcos including the general behavioral litar-
utura,

‘fv Ultimntely the system should have the capability
of' gunerating udditionul duta untrles to its
store by extropolating from or otherwise modify.
ing duta already within the system.

8. Ultimatoly the eystom should huve the capebility
of statlatically snalyzing {ts dath in response
Lo requento,

9. At lowunt part of the HPR data must be capable of
balng comblned with equipnent, reliability pre-
dletive duta.

Alternative PR Data Bank Formuts

A Jgta bunk la not olmply a dota bank, although that
lmpresulon lag developsd over the ycars. It io posaible
Lo dlolinpulsh five typos of banks and two types of us-
ers of those bunks,

The firnt {ypr of datua hank is what can be termed a
robubility ntatement of tunk performance. A semple
E'Eem MLt bo: Ge probauill l.yn?)f‘ throwing s duuble-
pole, doublu-throw swlteh correctly 1s .9965. Note that
this statoment says nothing sbout the characteristics of
thut swlteh, other then 1ts designetion, end does not
B8pply o probablllty stutement to those characteristica.
Table 1 (token from Blunchard at al., 1966) reflects
such o data bank,

A sovond type of duta bank would consist of proba-
bility statemonls nusoclated with specific equipment
cluracturistics. For oxampluy, The probubility of
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'nrractly operating a juystick control of stick length
6" -9" 18 4+99679; the probabllity of corr ctiy opcrallng
that lovetieck with 5210 1ha. contrl resiatancn s
«9999, etc, Note that there in no slugle performunce
probabiiity assoclated with the task of Joystlek oper-
ation, only with equipment characteristies, althourh

el cnnets iy 1l Ean 1 sy Ve
there 16 nu feasdn Wy bhe bwo cuuld bob b combined.

.The classin cxampl:r of such a date bank 1s the AIR Daty

Store, ueveral items from whleh are shown in Tuble 2.

A third typ2 of Jdata Lank could vonsist cf the raw
performance valucs nssoclated with particular parame-
terg, Table 3 presents an illustration of such a date
bank format. Note that the data shown in the table are
not preasected in a probabllistic fashion, although the
error data could precumnbly be traasformed into probse
bilitles.  Presumnbly data woild be selected to 1llus-
trate thr deairablility of selecting one or the other
derlgn chnrarteristic. For cxample, in the item deal-
ing with TV rescltution, 1t would seem recasonable tu the
deelgner that it one wished near perfect observer res-
ponse, between 7.8 and 13.5 scan lines would be requir-
ed with symbcls 10.2 minutes in size,

A fourth type of data bank could conslst of gquanti-
tative, non-probabilistlc stutements related to speci-
1 equlpment characteristics. For example, a sample
1tem might be: display format X will produce 1.658
times more effective parformance thun digplay format Y
(X and Y differing in specificd ways). The statement
can be quantltative or qualitative; could use an arbl=-
trary et of scale values to represent relative per-
formance; or one could usc a rating scale or renking.
Table 4 prusencs o sumple cel of data bank items of

nla type.

A fifth type cf dato bank format and cune which is
personally most appealin.: on purely heuristic grounds
would combine mll the characteristics of the preceding
formate., Such a format wuuld provide to the user all
the date nvailuble in whatever form it could be provid-
ed, whether or not the data could be formulauted proba-
bilistically. Thus, probabilistic values would be ag-
gceiuted with certain tasks and task characterisiics,
where such values were avallable; raw performance deta
for other task parameters would be supplied when prob-
abilistic Information could not be supplied. Table 5
presents an illustratlon of such a data bank item.

The two types of customers who might make use of the
various data banks are, besides the human faciors spe-
cialisi, relisbility engineers and design engincers.
Historically the concept of the HPR data bank was de-
veloped out of the reliability engineering tradition
wvhich has emphasizcd prediction- hence the need for
provabilistic statements., The design englineer, how-
ever, 1s not so much conc. rned with prediction as with
the gelection of one design concept cx' characteristic
rather thar another. What this means is that he consi-
ders a number of uslternative deslgn characteristics and
decides that one of these will give him more effective
performance. He does not require probabilistic state-
uents because his cholces are all relative.

Gettirg back to the data bsnk formats, ihe first
tyrc of deta bank is not likely to be much use to a de-
sign englnecer becuuse 1t does not speclfy equlpment
characteristics, which is what he 1s interested in,
Data bank types 1 and 2 differ, moreover, in thc ease
with which they can be secured. The first type of data
can b securcd from almost any kind of testing in a none
luboratory environment and requires no special control
61tuation. The second type of data bank can be derived
in two ways. It can be derived from the non-laboratory
test situation in which the first type was secured, this
can be done only if the oprrator's performance can
be partlalled cut to reflect the individual equipment
characteristics he is responding to; or if e sufficient
number of different equipments, each one representing &

distinet cquipment charecteristie, can be tested. Then
one can develop the second kind of data bank. Howevar,
thir In very diffirnlt tn do in & relatively uncantrol.
lad non-laboratory situation, since the operator res-
pond: to the entlre cquipment, rather than to an isolat-
~d equipment characteristic., Moreover, in the opera-
Lioiel perforvance sllaabion the nunber of dlstinctly
different ~quipments that can be tested is limited. It
nppeart therefore that 1t would be difficult to secure
the second klnd of data uank from non-laboratory teet-
ing.

Auother way of securing data for the second kind
of duta bank is from laboratory studies, if the experi-
menter has gpecifically set up controlled situaticns
that contrast two or more different equipment character-
istics., "The experimental situatlon must therzfore be
dirceted at the individual characteristics being zompar-
ed, rather than at the equipuent ms a whole, This is
precisely what a laboratory situation is designed to do.
However, the inadequacies of present data banks reflect
the fact that many (1f not most) laboratory studics do
not roontrast all itho degired equipment characterlatics.

Onc can use the second type of data bunk for design
decinions, but the engineer does not make use cf thr ab-
solute valae of the probability statement for this pur-
pose. If one joystick length gives .9968 performnce,
whereas a second length gives ,8068 performance, then
the designer implicitly or explicitly ranks the two
characteristica (lengtihs) and selects the one with the
higher probability. It would make no difference to the
dealgner 1f the absolute performance probabllities were
different, as long as the two lengthc rotained thelr re-
lative performunce standing, nor would it make any dif-
fersnce to the designer If the two characteristics were
simply ranked 1-2, although he would probably want sup-
porting data to back up the ranking.

Data for the third and fourth types of data banks
can be seccured from the uvallable results of experimen~
tal studies and are morcover casier to develop than ei-
ther the two previous banks becguse they do not require
that their data be transformed into probabilistic val-
ues. Unfortunately much of the general behavioral data
cannot be adapted to provabllistic statements because
they use such msures as reaction time, response dura-
tion, triale to learn, etc.

All things considered, the third and fourth types of
date banks sre easler for the design engineer to usa,
they will provide meore back-up information, and one can
build up a larger data store, because data from the lite
erature that could not be used for the other more re-
stricltive types of data banks could be used for this one.

We do nut suggest thaet one must accept elther prob-
abllistic or non-probabilistic data/statcments. It is
concelvuble that both are needed. It is posslble that
the delermination of human capability to perform and the
comparlson of slternative men-machine configurations in
terms of mission requirements will require the tradi-
tional kind of probabilistic HPR data. On the other
hand, the identification of equipment and the selectionm.
of most desirable equipment characteristics will not re-
quire probabilistic data but can take advantage of many .
other kinds of data.

It would seem that a reasonable compromise smong the
potentinl deta bank formats would be that shown in Teblae
5. This formut takes maximum advantage of all posaible
data sources end includes all the nossible data state=
menta as they become available.

The HPR Taexonomy

The HPR taxonomy shown in Table & was developed on
the basis of two premises. First, the studies to be
classified should be classified in terms of all their
relevant parameters. Second, the taxonomy should be an
empirical one, bused on the variables actually included
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in the studies whose date are to be extracted. However,
the taxonumy ic not open~ended; & rategory was not add-
ed simply becaune un cxperimenter decided to lnvestigate
1t, but because that category was required to anawer
pystem development questions phrased in HPR terms.

The taxanomy 18 naot asnimed to be comnirta; if a
ptudy is found whose varisbles cennot be classifioed ae-
cording to the taxonomy as 1t now exists, new categories
must be added. The taxonomy 18 not infinite, of course;
ab more and more stidies arc examined, the number of ad-
ditions to the taxonomy becomu [ewer.

The numbering system in Table & 1s somewhat irregu-
lar. The reason for this is that as new categories
emcrged from cxamination of the data sources, they wvere
pimply added to the preceding categories.

The categorics included in the taxonomy are:

A. Perceptual functions (visual scanning).
AB. Auditory perception.

T. Tactile (one study was found that utilized tac-
tile stimulation, and it 1s3 coacelvable that
this sensory mode might be used operationally).

B. Discrete motor tasks (individual, distinct oper-
ations).

C. Continuous motor tunks (continuing, integrated
sequence of control operations).

D. Cognitive functions (higher-order decision-mak-
ing operatione not subsumed under or requived b
preceding perceptual/motor operations).

E. Commnications functions (person to person com-
munication, either face to face or by instru-
menti).

Bach of the above functione may represent a single
teck or multiples of tasks, depending oa the study con-
text. Earlier we hnd tried to differentimte betwven
molecular and molar tasks and to develop e separate
classification for each, but this proved abortive be=-
cause of the high degree of overlap. This may present a
difficulty for the predictive use of HPR, but not far
its design use.

F. Visual ptimuli, or what is displayed to the sub-
Jeet.

G. Auditory stimuli, or what is presented aurally
to the subject,

H. Display equipment, or the sources of stimull in
(F) and (G).

I. Control equipment, or the mechanlsm used to res-
pond.

J. Subject variables (oge, sex, training, exper-
ience, etc.).

K. Response meusure describing the subject's per=
formance (e.g.,, error).

Some of the above variables will be found in every
ptudy, while others may or nct occur in a study depend-
ing on the nature of the experimental situation. How-
ever, the categories below would definitely not be in-
cluded in the classification of a study except where
they were significant factors influencing that siudy.

L. Environmental factors, eg., acceleratlon. tem-
perature, lighting.

M. Stimulus characteristice or distinctive features
of the stimuli which could have influenced the
subject's perfi rmance.

N. Control characteristics or distinctive features
of the control equipment which could have in-
fluenced the subJject.

0., Performance task factors or characteristics of
the tagk situation which either could influence
the subject's performance or which describe the
manner in which the study was carried out. Fi-
nally,

P. Study subject matter, the general theme of the
study to permit its more easy retrieval. For

cxumple, Lf one were interested solely in studies
of flying performance, osuch a classification
would make 1L casdler to refvieve studles on that
subjret.

One thing should be immcdimtely clear about this tex-
vnomy. Ii tu purely descripllve, making nu sssumpiliuas
about underlying processes. Comsequently, in determin-
ing 1ts "valldity", the only criterion is its useful-
ness; one cennol appeal Lo concepts like "construct va-
ldrty".

Threc processcs are involved in the development and
use of the HFR data system. These are:

(1) cClessification (coding).

a. The classification of the study provided by
the HPR developer, i.e., the taxonomic categories aa-
glgned to the actusl date in the HPR data bank.

b. The classification developed by the user of
the oystem when he asks a question which the system is
supposed Lo answer. The guestion for which the data
system 18 interrogated mist be coded with the same tex-
cnomie categories used to code the original data. The
search for a match batween these two classifications
rapresents

{?) The retricval of data from the system.

(3) The combination or integretion of the data.

Development of the HPR Data Bank

The incorporation of any data into the HPR system
obviously requires first the sclection of the studies to
be included. The criteria used 1o selcet studles were
egscntialily eliminative. Thut is, all data sources were
included except those that used infra-humans («,g., rats,
apes) or children as subjrcts; or had no usable quanti-
tative data; or in which the subject's responces were
primarily physiolegical, because we wnnot tie physiolo-
gical responses to equipwent design; or in which subject
rasponses were those required by formal written tests
1ike intelligence tests; or in which stimuli and task
conditions were subjectivoly oriented like personality
studies; or in which it is very difficult to understand
what the experimental procedure wmoj or in which the
number of subjects wes less then 4.

In general, for s study to be used as source material
1t hed to include some behavior vhich was credible in a
man-machine context, that is, the tasks performed by
subjects could conceivably be performed in real life, or
bore on some aspect of real life activity. Of course,
this involved a certain dagree of subjectivity in making
choices, but this was unavoidable.

The procedure for coding a study is systematically to
go through the list of cetegories in Table 6, determine
vhich categories apply to the individual study and re-
cord the alphanumeric designations of theae catagories.

Within any major category (A,B,C, etc.) any number of
subcategories (1,2,3, etc.) can be applied if they are
relevant. This 1s true cven for apparently exclusive
categories where a number of conditions have been inves«
tigated in the same study. For example, it is possidle
10 huve some subjectes who are experienced in the experi-
mental task, whlle others are not. Many of the descrip-
tors for the data in the HPR system contain multiple
subcatcgories, because most of the studies are multi-
variate in neture.

However, the intent is to record only priwary func-
tions and parameters, not merely those that are indica-
ted in the study description simply to supply informa-
tion. For example, the study report may indicate that
viewing distance from a dlsplay was 24 inches. However,
unless viewing distance was & treatment variable and
data were recorded relative to viewing distance, this
informetion would be ignored.

The end product of the classification procese is what
we call a descriptor, eg., A2/B2/FlL/H1/J2/K1/MLL/PT, to
which 18 added the index number of the original study
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abstract.

The pralimlnery HPR data bank developed for this
atudy is based on 1h0 atudies, none of which wns used in
previous data bank:. A COMpICLEe LISUINE O LHE Lludita,
together with the descriptore for euch pctudy. can be
found in the t'inal report which served as the basis for
thia paper.

Use of the NPR Data System

In nddition to the c¢laasificatlon tmposed on the
data 1tems in the HPR date vank, the user of the aystem
impones his owm clasnificatfon by the pre:ieion with
which he framec a questlon to be answered by the systema
The ucer may ack a very global question. e., whab hu-
mon performance can be expected with displays; or he can
frame hie question much more preciscly, e.g., what 1s the
tpend of deleating redar pips on PPI-iype discplay?

Tte- HPR systum must be responslve to both typrns of
qucotions, Of course, the more precise the questlon,
the greater the precision of the information-retrieval
and the more relevant are all the studies retrieved.

The system will obvicusly not accept a question
phraved in English., That questlion must be transformed
into taxonomic ecquivalents. Ad an example, consider the
following question:

How accurately can an operator detect elther
visual wnd/or auditory signals over long periods of
monitoring?
fhis 13 anulyzed as follows:

(1) Detection of a visusl signal 1s coded Al.

%7‘) Detection of an auditory signal is ABl.

3) No motur, copnltive or communicaticnes functions
havi: been specified, go we ignore these, Nor do we have
any 1dew as to the characteristics of the signals, nor of
the display equipment.

(4) Accuracy 1s a rather general measurc. Because
of Lts non-specificity, we have to include & number of
categoriva thut. might apply: K1, 4, 24, 27, 28, 30.

(5) Iong perlods of time have becn specified. This
1s category 0, and subcategories 1, 2, 3, and % might
apply.

(6) The subject matter of the studles tv be re-
trieved in answer to the question is monitoring/detec-
ticn, which 18 category PlO.

Consequently the descriplor of the question reads:

AL/AB1/K1, b, 2b, 27, 28, 30/01, 2,3, 4/P10
In wttempting to answer the original question, the

HPR syctem operates on the basls of progressive sorting
through the various categories to achieve the clecsest
poneible match with the entry descriptor (the user's
question phrased in teims of the classification cate-
gories). Because all studics not meeting the require-
wents of the entry descriplor are eliminated, the logic
employed is "and/oxr" logic. For example, in thc case of
Bn entry deseriptor like A2/C3/F14/Hl, etc., the system
takes up ecach of the deseriptor elements in turn, For
example, it might start with AZ2. Each of the studies in
the date bank (or rather itc descriptors) would be ex-
amined. All studies not having A2 in 1ts descriptors
would be eliminated. All the remaining studies (selec-
ted because they Included AZ) would next be examined in
terms of' the element C3. All studies not having €3
vould be eliminated, leaving only studies described by
A2/C3. 'These remnining AZ/C-. studles would next be ex-
smined in terms of Flb, and all studies retrieved by
forting on A2/C3 but not also having F14 would be rejec
ted. This 18 the eesence of the "anding" process.

"Ir" loglc is represented by the subcategories withe
in each major category, eg., /K1,2,4f. Wken this ele-
tent descriptur i3 applied to the HPR data bank it mcans
that studies possessing either Ki or K2 or K4 are accep-
table.

By this progressive scorting/matching process the
precise answer to the question asked can be secured,

al 8 assuming that the data bank contains tho reasulta
or studies corresponding to the entry descriptors. It

{3 of course counceiveble that the combination of ele-
mentyg specifiod in the entry descriptor has no precise
countervart in the data bank. In fact, with a emall
preliminary data bank such as the one developed for this
atudy, this is often the cmse, Although one or more
studies corregponding 40 anch elament in the taxenosy
dbviously exlsta In the data bank, the number of element
eomhinations,althoughnot infinlte, 13 very large, and the
precise combltion deglral may nol exist. Under these cire
cumstanced the usar of the system can back off from hisentxy de-
seriptor apd acnopt alase predise answer; he expands the soopn
ahiis quaestlon by adding "or" elements,

RESULTS

The ueafulness of the HPR gyatom we tested by nxercis-
tng the cyulom to debnuine U kinds of anawers it 2ould sup-
ply to reprosentative system develupment questions. Only
the capubilify Lo retrieve relevant data ias being test-
ed here. The valldity of the data retrieved was not
tested.

The method used to exercise the HPR system was:

(1) Develop a number of questions based on problems
arising out of actusl system development projects, the
Titan II Propellant Transfer and Pressurizstion System
(PTPS) and the Bunker-Remo BR-90 Visual Analysis Console.

(2) Code the questions developed in (1) using the
taxonomic categories of Table 6.

(3) Manually sort thruugh the code descriptors of
the 140 studles comprising the preliminary HPR data bank
until appropriate matches are made.

(4) Examine the data output by tne studies retrieved
in (3) to determine their relevancy to the question esk-
ed in (1).

The efficiency measure utilized is what information-
retrieval specialists term a "precisiop ratio" (lLancas-
ter, 1968). This is defined as 100 x where R 18 the
number of relevant documents retrioved in a seurch, and
L 18 the total number of documents retrieved in that
search. In the case of HPR, if 10 studies are retrieved
in & pgiven search, of which 8 ure relevant to the in-
quiry, the precision ratio is 80%.

Relevancy is, unfortunately, a highly subjective mea-
sure. For this reamson two other staff personnel besides
the one conducting the HPR search judged the relevancy
of the retrieved studies. Conflicts in judgment were
compromised by assigning "partial” relevancy ecores. )

Moreover, relevency is not & binary attribute. Rare-
1y does onc retrieve studles which unequivocally answver
the question asked. In most cases the atudies retrieved
provide only partial answers to the problem, The fol-
lowing criterion "as therefore adopted: a study is rele-
vant 1f it contains dats appropriate to the genersl sub-
Ject of the question asked, even though the data do not
completely answer the queation.

The tests werc performed to unswer certain methodolow
glical questions which derive from the fundamental 1issueca
to be resolved with HPR:

(1) Can HPR retrieve dats appropriate to the inqui-
riea nade of 1t?

(2) What 1s the process by means of which appro-
priate data sources are retrievedt

(3) Can data trom the general bebavioral 1literature
be integrated with man-machine-specific data?

(4) what degree of precision 1s required fan formula-
ting a Question to be msked of HPR?

(5) what is the minimum amount of information with
which one must enter the data system to retrieve appro-
priate data?

Ton (10) test questions were developed based on the
PTPS and BR-S0 systems. These dealt with auch toplcs as

(a) the loss of performance efficiency one might ex-
pect over a 6-8 hour shift;

(b) bow rapldly an operator can respond tO au emer~.




gency eituution;

(c¢) what kind of owitch/indicator combiration will
'e most correctly and quickly operated;

(a) whail i uhic wtadmws swbued o8 Symbslc dhot
should be presented on a small CRT at any one time.

The following teut proccdure 1s typleal of that used
in esch test question. The question, what L the miat-
mal size of symbol required to monitor a TV prescnta-
tion, was coded Al,5/H1/M1L,15/P7,10, This wvas obvious-
ly o percveptual funciion, hence category A was appro-
priate. Monitoring may involve either detection of the
cymbol and/or recognition of its meaning. MNence Al,5 to
cover both possibilities. It is a TV prescatation;
hence Hl. Symbol size is involved, hence catepgories MLL
or M15 would be appropriate (since we do not know how
the symbol size 18 to be described).

The retrleval process 18 dascribed by the table. This
table has two parta: the categories with vwhich one en-
ters the HPR system, and the studivs retrieved as a re-
ault of the search. Index Nos. of

Butry Categories Studies Retrieved
(1T AL,5 1,5,11,18,13,16,17, 18, 20, 22, 24,
26, 27, 28, 29, 31, 33,135, 36, 37, 38,

43,44
52; Hl--n-=3 A1, 5% 16,31
3) M1h,15---- H13 16

Study 16 hes & descriptor of AS/EL/F13/H1/17/33,6,10/
X /M3, 14/P3. Study 16 is in fuct the study we want be-
caugse it denls with the identification of symbols on TV
a8 - function of rester scan lines and image size.

The precision ratios producad by each of the 10 test
searches are listed below:

Question

Precision Ratio

OO CoO~1 N\ £l 1O

[

The mean precision ratio is 73.9%.

CONCLUSIONS

The conclusions drawn from the results of the test
situations are:

(1) It is pussible to expand the HPR data buse pro-
vided one 1a not restricted to the traditional probabi-
listic, reliability oriented metric. The behavioral
literature contains considerable data that are useful
for HPR's design capability. However, because of the
variety of measures employed in the experimental stud-
ies, much of these dnta cannot be transformed into pro-
bebilities of accomplishing tacks or partitioned into
probabilities for individual equipment characteristics.

{2) Integration o1 date from the behaviorsl litera-
ture is possible, but not on the basis of statistical
combination. The protlcem with the statistical averaging
of data from oifferent date spources is that it may in-
volve combining apples and oranges. Data on accuracy in
reading alphanvmeric symbols on a CRT gathered in good
lighting concdilions and in dim lighting will produce
distinct diff'erences in accuracy. It is of course pos-
sible to ignore the differences in lighting conditions
pnd to aver \ge the two sets of results, but the answer

Z'This neans that we apply culegory Hl to all studies
retrieved after searching with descriptor Al,5.
3.This means that we apply descriptor Mi4, 15 to all
studles retrieved after searching with descriptor Hl..

received moy well be misleading unless the user of the
dats tndicatea that he deens not ~ere sbout lighting cone
ditiona.

Anothar wav of viewing intedretion of data is in terms
of the application of a common conteptual framawork to
both rrenerul behavioral deta and man-machine-specific
data. In the contixt of this study Lhe HPR taxonomy is
Lhat common conceptual framewerk. [t iz posathle to ar-
aign relationships in thise conceptual atructure tw o
wide varicty of otudies of different types, thus inte-
grating them.

(3) Our definition of integratlon emphasizes making
data nvailable to the user, From that gtandpoint the
HPFR rystem is not only & duta lotegration system but
ulso un information-retricval systcem. PFProm the results
of the test osearches HPR would yeem to be recasonably
effective in supplying ansvers to system development
questions.

(4) The system methodology permits an almost infie
nite number of questlona to be msked, limited cnly by
the taxonomic structure so far developed. 1The system
will answver both gencral and specific questions. The
more precisely the qucstion is phrased, however, the
more precisec the answer retrieved, provided always that
the datu bank contains relevant data.

(5) It is poseible to search the HPR svstem with
only one or two descriptors. Certain descriptors, e.g.,
M,N,0 wre more discriminating than others, e g., J and K.
However, all the taxonomic calegories are necessary ba-
cause it 1s conceiveble that & question involvin thece
categories will be ssked. HPR cen be entered
vith alternative descriptors but in generel the same
gtudles will be retrieved regardless of search strategy.

(6) The volume of studies end the number of descrip-
tor clements is such that any practical ude of HFR re-
quires computer assistance. However, cince the system
can be scarched with alternative strategies, some of
which arc more officient than cothers, any -~omputer-aidesd
HPR must retein a marnusl mode and provisions for on-line
dialogue between the computer and the user. BSince the
Judgment of relevancy ls determined by the user, the
user must hive the capability of enlarging or reducing
his entry descriptors at any time and selecting the data
he wishes to ingpect.

(7) The proccas of encoding the user's question re-
quires judgment and practice but is not inordinately
di1fficult. With practice the codlng of data to be in-
cluded in the HPR data bank becomes relatively simple
for the great majority of studies abstracted.

We do not pretend that HPR is at the present time more
than & concept which not only seems feasible but also
has congsiderable potential not only for the user who is
e system developer but also for roseaerchers. Becauas it
organizes the mass of behavioral literature which is
highly scattered and diverse, {t can permit the resear=
cher to determine exactly wvhat information is or 1s not
availuble and thus may render the research process more
efficlent. -

Manifestly considerably more work ls required if any-
thing practical is to be done with HPR. The taxonocay
requires refinement, further testing with s considerably
enlarged data base, and possibly reorganizstion tc make
i1t morc efficient. The problems involved in computeri-
28tion of the system need to be cxplored.

Whether or not HPR devclopmwent is contioued, we can
pay with gsome confidence that the HPR date basge can he
expanded and that it can be made substantially more usee
ful for system developers than 1% has been BO far,
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TABLE 1. DATA BANK FORMAT I

Stimulus Activity

1. Turn rotary selactor swltch and
obtanrve CRT nignal quality

2. Obgerve severn] dials quallitatively
for correct roeudout

3+ Obsorve radar ucope and mark target
porltion with greanse pencil.

L. ‘Prack rapidly moving radar target
with 2 unidimenulonal controls.

Probability of Correct Response

TABLE 2. DATA BANK FCRMAT II

Reliability

9963
19967
19963

19981

9975
+9960

TABLE 3. DATA
Equipment Type: TV

Characteristics
1. No. of raster scan llnes
par aymbol height L.L
2. Symbol subtcnse ungle 6.0
10.2

Symbol Sige (mins

49972
£9973
+9989
+9709
JOYITICK
Parameter
1. Btick length
a, 6-9"
b, 12-18"
e, 2l-27"

2. Extent of stick movement
a. 5-20 degrees
b. 30-L0 degrees
¢, 40-60 degrees

BANK FORMAT III

Percent Correct Response
No. Scan Lines Per Bymbol Height

4.6 6. 1.8 lg.i
66 7% T0

73 9l 91 95
66 87 97 9

10




TABLE 4. DATA BANK FORMAT IV

Fguipment Type:  Larg- Sereen Display
Charncierlatlec Performanee Relatlonships
1. Vertleal vs. horizontal for- G6% more dme 1n spent scanning vertical format
mut.. than 1s spent on horizontal array.
' 72, kffeet of cuding displuy. Menn Lime o lucate coded updaie lofuraebion
l;_ is approximately 65% leas than for uncoded
F updates.
3. Bi'feet of number of stimuli. Response time increases linearly with number
3 of stimulus elements presented.

& 3 TABLE 5. DATA BANK FORMAT V
Bquipment Type:  CRI Displuys

Characteriotics Performonce Relationshipn
1, Probahility of correctly performing L9Th3*
reading and updating functions.
2, With alphanumeric oymbols. +9889%
3. With geomctric symbolso. 19654
4, As o function of resolution:
6 ocun lines 7543
8 scan lines B6ULn
10 sean lines .GOLL»
12 scan lines 9T56M
5. The offect of density .«d display UNCODED =t
exposure time on accuracy. COLOR COOED =0
1900
[ 113
.13
T0p
sop
S0p
o WO
04
20 sge
10 10SEC VIEWING Timg
’ 100 200 300 400
NUMBER OF ALPHANUMERIC CHARACTERS
6. lmprovement in cbserver performance
when displeys ere coded.
Origlnal Outoerver % Accuracy % Response
] Displays Code Type Function Improvement Time Improvement
' Alphanumerica Color locating Ly ————
Alphanumericn Color Counting 86 T2
Alphanumerics Bize Update 50 65
Mup Conspiculty Information 97T amaen
(borders) Assimilation/ and
Extraction 57

*
NOTE: These probabilities are purely hypothetical.
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TABLE 6. THE HPFR TAXONOMY

PN T OATAE TIIMI AT AR

A, Pereeptund fVicual (seannlng dleplays, physical or
nntural ob)ecta)

I o detect or verify the appeariance of atimuli.
Yo To note or debect Lhe movement of ntimull.
Yo To detect i change ba stimult.

he 'Po detect g enang ln atimuluys characteristice,

Ye To l.dl'ntlt}'/('utuﬂorl'.'.‘:/h:(‘ognize stimull in
terms ol known data,

G, Po compure stimulus characteristics.

{. To fdentify stimull that devlate From standurds
or other stimult,

. To lorat: the ponitlon of utimull or objrcts in
terms of nslandard.

9. To chuange the position of stimull.

10, To change the characteristies of stimuli by
motor nction,

1. To counl or cenlenlate gtimuli. D.

12y v introdoce/input new stimull by motor action.

14, 'To delete or remove stimull (reverse of (12)).

th,  'Po read where reading 1s the sole function ine
volved,

A Auditory Prreeption
1. T deteet or verify the appearance of stimuli.
2e To deteet the movement of stimuli.
t-h. Deleted
b To identify/eategorize/recognize stimuli in
terma of known datu.

fie  To compare the characteristics of auditory stime
ull.

7. 'To identify otimull devieting from stundards or
othur stimull.

8. To detucl a change in the stimulue. E.

9. Delcted.

10. ''o rhange the characteristiocs of auditory
atimili by motor actlon.

il To count or culeulate stimuli.

T. ‘'fetile Perecptlon

l. To deteel the vecurrenes of a tactile sensa-
tion.

8. Dluercta Motor Behavlors

l. To activat: controls to positions without dis=- F.
playcd Information.

e To activate controls to positions in accordance
with or ap 4 result of displayed information.

b Deeleted

5, o connect or dicconncet objects elther dircetly
ur with tools.

6, To carry ohjects,

fo Tu open/~lose door or chclosure.

A, T mark position of objects.

9. Drleoted,

10.  To alm at an vject.

tl. To Hft object,

¢, Tu drop object,

C. Continuous Motor Behaviors

. To adjunt position of oblerts without reference
to displgyed information.

i

‘this is nn sbbreviated version of the original taxano-
mys Detniled definitions and examples will be found in
the final report of this gtudy referred to earlier.
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L,
Se

T
8.
9.
10.
1.
12,

13,

4

To adjust position of objects in accordance with
or a8 a rosult of displayenl information.

To adjust poaition of controls to change the
position of moving stimulue.

To record information manually.

To input data by activating controls.

To input date manually.

To walk from one point to snother.

To swim from one point to another.

To run from one point to another.

To throw an object.

To exert hand grip.

To remove objecta from or lnstall them in de-
signated positions.

To file objects.

Cognitive Bchaviors

ls Tu perform quantitative computations.
2. To compare calculated values.
3. To decide between two or more hypotheses.
L, To unalyze information.
5. To hypothesize causal relatlonships.
6. To verify that an hypothesis is correct or in-
correct.
7. To code/decode stimull,
8. To predict the occurrence of an event.
9., To recall{rumember stimuli/events (short tern,
long term).
10 To estimate the occurrence or characteristics
of phenomena.
11. To note a change in displayed information.
Communications '
1. To request instructions/information using u :
device. 1
2. To request instructions/information fact to :
face, '
3+ To communicatc ingtructions/information over )
device. :
L. To commnicate instructions/information face to !
face, i
5. To listen to information supplied by device. '
6. To listen to information supplied face to face.
Vioual Stimili :
0. Stimulus not epecified. i
1. Alphabetic characters, static, i
2. Alphabetic characters, moving. ;
3+ Numeric characters, static. X
4. Numeric groups, static. i
5. Numeric groups, moving. i
6. Alphabetic words, static.
7. Alphabetic words, moving. 1
8, Numeric characters, moving. {
9. Alphanumeric groups, &tatic. B
10. Alphanumeric groups, moving. !
11. Unstructured, static. !
12. Unatructured, moving.
13. Coded (geometric symbol), static.
14. Coded (geometric symbol), wmoving. .
15. Coded, color. .
16. Natursl object. F
17. Photograph of natural object.
i8. Written statements.
19. Environmental (sky, land, water).
20. Deleted.
21. Polnter deflections.
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G.

e

a2,
24,
.,
2h.
6.

TABLE 6.

{rid map.
Oseillopraph truce.
Terrnin map.

Puper chart, trare.
Graph.

Auditory Stimuli

1.

2y

je
.
S
6.
e

Tonea varylng in frequency.

Tones varylng in loudncus.

2A. Tone ncquenced.

28, Tnterruption of tonc.

Complcx nounds varying La frequency.
Complex soundo varying in loudness.
Words.

Numbers.

Letter nequences.

Dinplay Equipment

1.
1.
N,

10.
11,
12,
13,
1h,
15.
16.
17
18.
19.
20,
21,
27,
23,
24,
25,
26,
27
7B,
79,
30.
3.
2.
33.
34,
35,
6.
7.

CRT (TV type).

CRT, PPI type, standard.

CRT, PPI typc, non-stundord.

Curd, drawing or other paper presentation.

Projected display, static.

5A. Projocnted displuy, dynnmic.

Large nereen display.

Film.

Sound recording.

Natural object.

9A. Physical object not resembling natural
ohJrato.

Tndicator, stcady staic.

Tndleator, blinking.

Dnleted.

Viaual track, dynamic.

31111 photograph.

Internal component.

Displuy panel, non-cockpit.

Cockpit instruments.

Legend light.

Scale indicator, meter.

Genle indlentor, circular or curved.

Sealc indicator, horizontal straight.

Seale indicatlor, vertical straight.

Gecale ipdicator, fixed pointer, moving scale.

Cuunter, direct reading.

Printer.

Plot board.

Matrix board.

Person to person sprech,

Loudspenker.

Bell, buzzer or horn.

Oscillograph.

Switch setting.

Tachistoscope.

Paper tape recorder.

Moving belt containing stimuli,

Earphones.

Electro-pulse stimulator.

Control Fquipment

1,
2y

1.

'S
5.

Discrete control, single, e.g, switch.

Discrete control, multiple, egy keyboard.

?A. Chord keybourd.

Conlinuous rotary control, single, ol dlual,

knob,

3A. Continuous rotary control, multiple, eg.,
"ganged" Xnobs.

Thumbwheel.

Continuous 1lnear control, single,e.g., lever,
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Joystick.
5A. Sldearm controller.
AR. Centar rontroller,
5C. Displacement control.
5D. Preasurn control.

6. Track ball.

T« Verbal response.

8. wWritten response.

9. Control panel.

10. Walking.

11. Running.

12. Swimming.

13, Microphone.

14, Steering wheel.

15. Throwing.

16, Alrcraft simulstor.

17, Dynamometer.

18, Nuts/volts.

19. gdextant.

20. Punch device.

2l. Pencil.

22. Typewriter.

23, Lightpen.

24, FRlectro-mechanical manipulator.

25. Push-pull device.

%6, D-ring.

27. Handtools.

28, Moving table.

Subject Variables
1. Uniknown.
2. Civilisn student (both men and women).
3. Civilisn non-student (alsc men only).
4, Military personnel, undifferentiated.
LA, Military student.
4B, Military reservist.
5. Previous task experience, unspecified.
S5A. NKovice,
5B. Somewhat experienced.
5C. Righly experienced.
6. No previous task experience.
T. Diver.
8. Under 30.
9. Over 30.
10. Pilot.

11+ BSeaman.

12. Maintenance
13. Clerical.
14, fechnical.

15. Shop.

16. Inspector.
17, Women.

18. Police.

Response Measurs

1. Error, number of.

2. Response duration.

3. Reaction time.

4. Accuracy.

S. Trials to criterion.

6. Response variability.

7. Time to criterion or time to learn.
8. Number of subjecte reaching criterion.
9. Distance travelled.

10. Triasls to learm.

11. Target acquisition time.

12. Omissions, numoer of.

13, Errors and omissions combined.

14, velceity.

15. Inch/ounces, torque.
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TABLE 6.

16, Force (1bs.).

1. Number/percent false reporta {detection),

10, Augie, depress/oseconds o aoe,
9. 1llumlnation mensure.

0. Magnitude estimntion,

21, Recognltion threshold.

2. Mme on/off target.

23, Response probablllity,

2. Number/parceent. detrctiona.

9. Poreent/rank prefarenco.

“h. Confidence in reaponns,

*'f.  Percent arrors.

. Percent nccuracy.

79. Triale in error.

j0.  Strokes per second or operation.
$1.  Parcent omissions.

i, Range at which ctimull ars recognized.
{1, Polnt of subjrctive equallty.
she  Budy dimensions,

5. Correlutlion valuea.

tnvironmental Factors

1. Temperatury.

2, Noine.
3. Lighting,
b Vibration,

5. Acceleration.

6. Underwnter.

{+» Sound lntensity.
8, Wind speed.

9. Alr speed.
10. Night.
1. Day.

3ignificant. St.imulus Characteristics

1. gtlmuli grouped.

2. 8timuli ungrouped.

1« 8timulus resolution.

h. Stimulus brightness.

5. Stimulus intcnsity.

6. Stimulus duration, momentary,
Te Btimulus duration, intermediate.
8, Stlmulus duration, prolonged.
Y. 8timulus similarity, physical.
10, 8timulus similnrity, analog.
11, Number of stimulus.

11A.  Frequency of stimulus presentustion,

12, Stimulus Joestion,

13, Stimulus viewing anfle.

14, Stimulus oize, ungle subtended.
15, Gtimulus size. physical dimensaions.
16. Speed of stimulus movement.
17, 8eale graduations.

18, Monaural auditory stimuli.

19. Binaural auditory stlmult.

0. 8timulus mode of presentation.
1. Prendptation.

“r. Gtimulue color/color contrast.
3. Dlsplay furmat verticnl,

“h, Digplay format horizontal.

79, Display format variable,

#6.  Display spaclngflocution.

T Amount of information.

28,  Amount {nformation change.

S Atimelue brightness contrast.
. Flgare/pround relationnhip,
e Deleted,

i7. Stlmalug statle, nnmoving.

e Stimulus moving,

Wi, Large/group displuy.

35, Small/indivldual display,
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36. Stimulus coding.
37. Type of verbal material.
B, T camers fleld of view.
38A. Shades of gray.
39. Slant range to target.
40, Scale orientation.
41. Display advanced or delayed,
42, Number of stimulus channel:,
43, Number of levels of information per channel,
44, Rate of display change.
L5, Number of stimuli to be detected,
46, Stimulus flash rate, ’
47, Type font.
48, 8timulus aperturs size,
49. Stimulus distance travelled,
50. Stimulus presentation speed,
51. Stimulus clustering.
52. Intersensory stimulus combinations.
53. Distance separating stimuli,

Significent Control Characteristics

1. Number of controls.

2. Location of controla in front of operator.
3. Location of controls to side of operator.
Lk, Control opcrated with ungloved hands.

5. Controls operated with gloved hands,

6. Arrangement of controls varied.

7. Control size.

8. S8pacing between controls.

9. Number of parts in intermal component.

10. Control-display relationshilp compatible.
11. Control-displey relationship incompatible.
12. Type of vehicle being controlled.

15. Control panel size.

14, Control panel markings.

15, Manipulator characteristics,

16, Control frictien.

17. Control inertia.

18. Control position relative to body.

19. Direction of control movement.

20. Control force.

Performance Task Factors

l. Performance over successive trials.
2. Performance over uuccessive hours.
3+ Performance over successive days.
s Performunce over Successive shifts.
5. Performance in terms of time of day.
f. Peedback presented.
T. Peedback not presented.
8. Type of feedback.
9. Amount of feedback.
10. Feedback delay amount.
11. Stimulus viewing distance close.
12. Stimulus viewing distance remote.
13. Performance within moving vehicle/umuluwr.
14. Deleted,
15. Distance travelled by cperator.
16, Direction of movement by operator.
17. Defect rate (inspection{.
1TA. Defect type.
18. Rumber of responses controlled by instructions.
19. Speed of responses controlled by Instructions
20. Tracking in 1 dimension.
2l. Tracking in 2 dimensions.
2lA. Tracking in 3 dimensions.
22. Pursuit tracking.
22A. Tracking control break point,
2ZB. Tracking contrcl dead zone.
22C, Target step funetion.
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TARLE 6. THE HPR TAXONOMY - (Continued)

tiedie rnrpet, riunp e L ran,
4.  Compennntory tracklrg.
230\, Turpget step funclion.
23, Tarret 1amp function.
4. Deleted.
25. Pnrformance incentive provided.
6. Alreraft emecgoncy tasks.
2{« Acrodynamic flight equations.
. Macpage lond.
"D Mopnngo bype.
{0 Job aidu.
31« Computer-aided Lnoiruction,
32. Bubjeet hundedncoo.
33« Tracking dynamlea.
| he Tuok cueing.
§%+  Socondury tunk.
He  'Purpgel. Importance vuriod.
{fe Mlaning duta.

k P. Sludy Subjoct Matter

1. Transfor of training.

2. ‘raining/practice.

3¢ Thrashold determination.
. Cude translation,

%« Driving performance.

6. Tracking.

. Controls/displays.

8. Fhysleal eapablilty, ey Gnthropometry.
9. Flying.

0. Monttoring/detoction.
11s Motor capnhillity.
12+ Monlal capability.
13« Targel ldentification.
{ 4. Inspection.
15. Information {ransmission.
16.  Command/control,

I'Te  Stimulus legibility.

18, Work lond.
19, Filing.
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