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UPTLISATION FOSSIBIE DES MACHINES A CAICULER EIECTRONIQUES
DANS LES EXAMENS FSYCHOMATIDUES

Les machines 4 calowler &lectronigues n'ont pas encors até heamcoup
utilizéesn daﬂs lg domaline des tests mentauz; mﬂls les nombreux pragrﬁﬁ que
connalssant prag@mt@m@nm ces machinse lzdssent pr&v&ir guielles 2 appl Lgueront
bientdt 3 de nouveaux domeines. Dans un avenir encors plus Sloigné i1 semble
bien que les automates £lectromigues servivont de plus en plug, non ssulewent
au traitemsnt dez donufes les plus ususlies, mals aussi aux calculs exighs par
les méthodss d°analyse plus complexes aaxquelles gont soumis les rdasultats dea
tests mentavs.,

. i*us&g@ aptusl ﬁ@s machines el@ctreniqu@s d&na les tests mentaux sieal
1imité & des aNALVEEE sxpérimentales. Upe doe premierea real;sationﬁ 8 signaler

Put la coustitubtion €'un Rotmtevr matricisl: sepéeialement designe Dour le
Secteur des Recherches sur le Q@rsaauel {Bureau de 1'Adjudang genbral de 1°Arube
americaine), cet appareil servelv’ a fagiliter la rotatlon grephigqus des a2%¥s8 en
&n&lyﬁa faanoriéliea Des machioss & caloulsr &lectronigues, 4'un type plus
g&n@ral ont servi B déterminmr lss v%ﬁt%urg caractéris&iqu@s at les racines de
plugieurs matrices symét trigues, dauns dea ftudes basbes sur 1'analyse fastoriells.
Frederic Lloxd uwiilisa la machine Whirl@inﬁ pour Taire une analysze f&%tﬁ?i@7lﬁ
de %5 tests en 10 facteurs per 1o mbthode de plus grande probabilité, origi-
nal@m&ﬂt devisée par 0. H. iaﬁlaya Devid Ssunders et Cherles Wrigley ont aussi
utilisé la wechine I1iies comme mbthode chjective de rotation des axes sn analyse
factorielle. Enfin, dans une £tude dirigle par le présent auteur, afia 3°6tablir
une &chelle de miv&au de rendsment en voeabulaire, une grande partie des traite-
ments statistiques s'est faite au woyen 4'une mechine cupable dtopérer des
calenls sur des carites.

La construction de nouvelles machines 3 corriger constitus um pr@grss
remarguable 6&@& le domsine deg tesiz mentaux, On annomce 1a mise av point ds
Aeux wachines & corviger susceptibles d'spplications trés vastes. Elmer J.
Homkea a acmﬁtvu*t we machins ﬁ&?ﬂhi& de Talre une lecture phwtoal@ctrique deog
fﬁhill@ﬂ de réponsss at, par voie @1@@traniqu@ de traduire ces informwations #u
résuliats et de las imprim@ru

Une autre machine considérsbls est sn voie de constructlen(paur B, ¥,
Lindqu1st ﬂot%ﬁ machine utilisers aussi 1a l@etura phstﬁelactriqne dea feuilles
de r@p@ns@sy fe mﬁm@ gque lz transformation des donmaes et 1°'impression &@q
résultats pavr vc¢a électronique. De plus, cetbe pachine pourra servir 8 ”umuler
les somss des résultats st les sommes des pruduit@ dea résuliats obtenus & deux
tests par un Schantillon de sujets. On prévolt que la miss au point de telles
machines surs pbur effet de transformer matérielliement le travail eﬁigﬂ par das
aRamens y@ych@mﬁ?rzgu@s de grends envergure.



Te coutreste vaudrail d'8tre aigmala entre Jes wmbihodes 4° &ﬂﬁl&ﬁ@ aotie

ellement employées dsus lsa tests mentaux et celles gui pourrcont a‘Elaborer aves
Lemplel des wachines 3 caleuler élestronieues. LTusage de ees machinea peut
falre disparaitre hien des restrictions qui limitent nos mza‘t}mai% actuelles
d*amlya& et introfult en nime temps des procédds eﬁmpliaw‘s susceptibliesn de
révéley ﬁ?ms clairsment, dans les sxomeps peychomdtriques , corteing sffets
diffiziles & mettre en ,mmiemo

Ledyerd R T’uck&r
Tniversité de Prineeton

Transieted bhy: A&drien Pinard
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It ig & plessure to ms %o be able tn appear here and discuss with you
goms of the ways Iin which electronic computers sre lmpinging on mental test-
ing sctivities. TIn these remerks I wish to smphaﬁim and eritically exesmine
the aid that thess devicss may give to our present activities and to those
setivities thet we may desire to underitske In the Futurs. We should be
complately clsar from the start, howewer, that these electronic autm&ta
are only facilitating dvvices to enshle us %o perform some lmportant psycho-
logical tasks and ars not ends in themselves. In thiz sense I have taken the
1iverty to interprsit the title of this symposium in reverse as "electronis
computers for multivariate methods.” Ths major question to which I will
address mysell is, then: whai muitimriaté wathods are thers in mental
testing vhose cpﬁratiaxis mey be facillitated by slectroais automata?

In a sense, the giving of a mental test Lo a person and obtaining &
score is uvswally & mulbivseriate method for evalusiing thet person in terms
of the Ffunetion represented by the test and the score. Almost all tests ave

composed of a puber of unit varigbles ve eall items. An initlal problem is

*4 paper presented at the Tniermational Congress of Psychology, Montresl,
Canads, as a part of the symposium: Multiveriate Methods for Elecironie
Computers. :
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270-20 and in part by the Educational Tasting Servigce.



that of seleciing the ltems and designeting the mepmer iIn which thay are o
 ba seored. T wish to positpone commenis on this problem wntil sfier consider-
ation ¢f a segond problem; the operations involved in combining the {tem
peores for examinees to their test scores. The wide application of meuntal
teeting has mede the scoring problem of immense prsciical importence. Further
probleme T vill conafdar are those concerned with darived mcales for the

test georssd and with developmeat of othey Inforeiion important te the inter-
oratation of test scoras.

Turning firet to the scoring operations, lot us aonéider g8 an initial
cage the scoving of objectlwve type tests. We will Further restrict ourselves
to the case in whish thers are ssparale ansver sheete with distinet gpacss
to be gperked by the svamisees bo indlonte their cheices among the given
alternative answers. The scoring oparatlion ls usually é@nseiv&d of as the
counting of warks in selected spaces. A count of the right answers on an
angver sheet will yield u ”righﬁﬁ” socore for thé oxaminee. If the wrong
snswars aye also coﬂuﬁ%ﬁ? & formals score may be oblained ag a linesr combi-
nation of the right answer count and the wrong snswer counb.

The Intsrnationsl Business Moachines Corporeticn scoring wachine vhich
has bees in uses Tovy syprozimately twaunly vesrs was degsipned fo perform sxachly
these procesced. There is wide recogoition; hovever, that this mechine is
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slower aud ylelds 2 higher proportion of errors than is degizred. 1BM has
epbarked on a ﬁraject to imbrove ite mechine .

We would 1ike & sooring machine to b2 able to perform other operations
then the simples counbe of rights and wronge. Several peparsis counts ovsy
gelacted sub-sets of items may be desired as in & owdber of the parsonsliity
and interest schedules. The IBM machine &séa make counts for three part

gecores, but the ltem response positions have to bs located in spatislly

distinet fields, It would be dezirasble for the {tems in the sub-sets te he



po§$ib1y intermized. Thres such part scorss are somstimes inadsquate.
Bevaral gpecial machines for seoring the Sirong Vocational Interest Blank
have been built snd operated by Elmer J. Hapkes of the Testssor compeny in
Hinneapolie, Minnesota. In thiz case, about tweniy scores are oblained for
differvent selections of ltems.

Conversion of raw scoves to standardized scoves would also be desirable.
We might wish, aleo, to combine pert scores, using linear welghts, to obitain
predictive indices.

Tt would be desirsbls, also, that the resulting scores would be printed
either on the answer sheets or on lists. In case lists are preparsed, it will
" be necesesry to print Information identifying the examiness for whom the
seores are given.

Two nev machipss have been sonounced which ave designed to perform ths
aforementionad opsrvationz. Both of these machines use phobo-electric pick
up of informstion Trom aznsver sheets and procese thiz Informeticon by elestronic
components. One of thess mﬂ&héﬁ&s; galled TUSAC, has bheen copatructed by
Hr. Hankes. The second neyw meching ls being constructed wnder the dirsetion
of Professor . F. Lindguist of the Palversity of Iows. New answer sheets
have been designed for esach of thess machines so as to have grester itenm
capacity then the IBY ansver sheetg. Mr. Hankes designed his mschine and
ansvweyr shest fo De cowpatable with the IBM answer sheet zo as to be abls to
#eoOre these later sheets. Both wachines ave designed to score a number of
tests in 2 battery abt one pese of the snswer sheets throvgh the machine.
Both machines store the correct anewer keys and score comversion iables by

alestrisel msans. Spesed of opsration for these machiver is well above speed

by vresent scoring procadures.



Professor Lindguist's machine will have a number of sdditional featuras
when completed. He plavs to have his basic mechine completed this fall snd
then plans to make additional units zs fesaible to perform the additional
Tfunctions. The basic mechine will not ounly score but will have sowme capacibty
to eumulate sums of scorees {(rew or converted) for groups of answer sheets.
This feature can be utilized to obtain the sums of squarss of scores for
groups; and, to & limited extent, Lo cbtain the sume of products between
scores on paire of tests, Plopned fature festures inwolve counters for tahu-
lating item counte apd frequency distributions of scores as well as an
ei@msmxary computing wit for mmliiplications.

& dlfferent type approach to the kind of d&ﬁa processing operation
involved in test acoring haa been pade by the Urited States Bureau of Census.
This agency had a special device designed snd counstructed by the United
States Bureau of Stendards to read cemsus schedules and vrecord the information
on UNIVAC tape. Tabulations ere made from this tape on e UNIVAC computer.

If en ansver sheet reader were devised znd comnected to & general purpose
comwputer, many operatlons might be performed. In sgoring, the k@j could be
placed in the wachine memory avd could be utilized to compars with Information
from each answer sheet. Several alternative scoring technigques would becoms
feasible such as scoring for patterns of respounses or the assignment of
different weights to the itews. Fairly complex zmalysis of group statistics
could be programed.

We have been considering & very restricted case of test scoring. Iet us
expand our view a 1ittle in the irsatment of examinations with written answers.
Machines are being developed and tried out for such operations as the sorting
of mail. If ihese machines are sucecessful, 1t mey be possible to bave the
examinees indicate their choices of answers by written letters or numbers.

A further step would be the scoring of items with short, definite answers



such as arithmetic probleme or the spelliong of words.

Zefore leaving the mrea of lest scoring considsretion should bs given
to the position of Individusl schools and smell testing agencies. Iarge
machivas, such as the twe nev ones previsusly discuseed, ars .wary aEpensive.
In order to jas*ti:?:tgf one such machine there need be a very large amount of
scoring to be done. Schools and nmall testing sgencies do not have the
requisite volums. Two albternatives exist for these institutions: either
to send answer gheets to a central scoriny agency Icr to do the seoring by
other mesns. The IBY scoring machine is of moderate size =nd vill be of
agsistance to a nwmber of instiitutions. M. Hankes has announced the
dgvelopment of an sven smaller wachine vhich should belp o further number
of smaller institutionsz.

Iet us turny now from test georing to more avalyhical activities and
the conslderation of item selection and weiskting. This again concerns &
field of considerable activity in testing ssemcies. In “he Bducatiopal
Testing Service alone, over ten thousand items are analyzed each yaar.

The first gquestion econcerning eny item is its diPFfisuliy in terme of the
propoxtion of given groups the' choose the c@rmﬁt gnawer. § specond arses

of gusstions about an item is its relaition to such wariables av the test

as a whole, other testr, and school gradss or other ueasures of psrformance.
In order to oblain information for revision of items it is useful to Pind the
number and guallty of ezaminees who chooss each &i&ﬁra@‘t@r, or Wrong answer.
Fresent itewm anelysis proesdures uwsually involve some selsction of the
foregoing statigties and nothing wuch mors complex. The extent of thess
operations, howsvsr, dozs make it profitable to employ spesisl wachines or

devices such as the graphie item sownter sttachmsnt to the IBM seoring
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maching. Punched card equipment has alszo been used for these operations.
It may be profiteble to utilize some wore effective electronic device,
especially if more intensive analyses are underbaken.

There iz considerable agreement that study of the interrelationsz smong
Items would be of walue. We could study the sxzient of item grouping into
homogeneous units and conversely the degree of ltem heterogeneity. Methods
of factor analysis or of latent strusture analysis might be employed to
disentangle the efPfzets of seversl proficiencies or ebilitiss which are
repragented in the composite scors of present tests. The electronie
gomputers seem to gilve promise to ald in this direction of Iinvestigation.

In predictivs tests for some desired parformance, item selection has
been based on the cruder itenm gﬁatistiﬁs and test constructors® judgment
gulded by regression studies for whele tegts. Professor Philip H. Dulinis
of Weghinghbon Univergity heos been conducting a study, S'em_par'teﬁ by the
United Stateg Alr Foree, on the uwee of complets tables of inter-item
eovariances for selastion of items to prediect tzeining school suscess.
While he bas developed metheds for coping with this problem employing normal
punched card equipment, the use of a large slectronic computer would have
been quits advantagecus.

A mentsl testing probliem that is of contimuing iwportance is that of
the score seale. I have propessd the development of & type of seale relating
test performance to level of proficlency in a unidimensiconal skill., The
procedure Invelves first 2 sheek on the howmogenelty of the performansces of
exaninees on rspresentative itemws. Inter-item covariances are employad and
the gxtent to which they ars accoumied for by dividing the total group of

examinees into subgroups on a score ower the items is imvestigated., The



inter-itenm coverisness within subgroups should be approximately zere for a
hemogeneots sob of iitess. 4 mean vithin subgroup covariance r;')mr all sub-
groves i determined for eash pair of m@ms and the tabhle of thess coeflicients
18 inspsoted for size and any petitern of relation between groups of items.
Tor e group of ivewms thabt pess the bowogonelty check, the possibility is
investigated vhether scele valugs can be asalgned to esach subgroup of
exemivees so thet the propartion of the awgroups who give the correat
soswer ho sach item followe the imtegral of 2 uormal curva, In case these
itew chavasteristie @1&3‘."@@ ecan e wede sloultanecsusly for a puber of imma
te follow normal curve imtegrale, & useful score seule would be produced.
A trial study 1z In progress Involving 230 vocthualayry ltems given to approxi-
mately H000 stwlents from fouwrbth grade through ewllssge sophomores in the
United -Sta{:.@m Huch of the computalions hawe bsen accomplished on IBM card
wrogransd caleuiators. In case pany worve studies of this neture were to be
attenpted, the use of a large electrounle cowpuier would be reccmmended.
Tagbor analysis han plaved &z,l m,j.adr vole in mental test developments.
Peoblems of affactive y&*cc&dmmﬁsy however, have been only partialily solved
su that methods in common use are to be consideved as sush approx:im%io.m a3
san be performed with desk ﬂa.lmﬁ.ﬁtmrs. ¥ore effective methods ﬁave 1)
dovelopsd sueh 23 the zawisue likelihood methed by D. ¥, lawlay. Computatlons
fweolved in thiz wethed are complex epd can be cante}mpim@& oaly with the
wee of oowerPul compubing eifs. The ¥hirlwind eomputer at the Massachuseibis
ifimti.'m'te of Techoolopy wes uged Dy Dr. Frederic lord of the Edueational
Peating Zevvise Tor the spalysis of a %5 warlahls batiteory to ten fa,e'%;mmo‘
feveral others have used other somputers to obtain principsl axes f&ﬁtoré

from tablss of intersorrelations.



Several dewslopments in the rotation of axes in factor anaiyvsis arse of
interest to repert. A gpecisl machine has been constructed for the Peysormel
Research Branch of the Adjutent Gemeral's Office, United States Avmy. This
wmachine which computes mt&é@d factor loadings for twe facitors emx‘il displiaye
& plot betwesn these two sets of leadings on an csellloscope has saved a
oubar of investigebors considerable time. The socond development iz of an
anelytical rotational scheme by Dr. David Saunders of the Edueational Testing
Service and Dr. Charles Wrigley, who spolke e&riiar in this sysposimm. This
method has bDeer succssefully tried out on the ILLYAC computer.

Iet uvs consider some of the dravbeeks in use of large elecironic computers
for amalypes by peychologisits. A msjor hur&l@ iz the preparation of prograns
for these mechines. Program writing is & complex task requiring special
training end skills froquently not possesased by psyehologists. An altermstive

iz the use of general library prograus fov solution of selected types of

provlems. Thiz definitely limiits the variety of problems that the psychologist

may conslder for assistance from obne of these machines., A secord major
problem is the svallsbility of a machins for use by peychologists. These
machines are expensive sc that individvsl payehologiste will have to take
thelr problems o centralized compubling centers. Fortumately these centers
are expending in susber snd in extent of services offered.

In taking a look to the future we might contrest opsrations) procedures
and methods of anslysie mow in use with those that might be developed for
uss with eleeironic automets., In order to accomplish those things whish we
ars now dolng ve have learned to accept limitations imposed by facilities

availeble. With nors powerful facitities these limits must be revelusted.
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We may be alloved to let our imeginstions extend to congiderably more somplex
procedures and studies with the hope of being able to realize their sccomplish-
ment. Mathofs of anslysis will be Izes limiting on our gaining of informetion.
than the gathering of observations. Thisz iz indeed. the ideal s for the importance
of observations camnot be understressed; snalysis should be effective but
COngums é,s 1ittle effort as Pfeasible. Ve way hope in this way to incresse ﬁhea

breadth apd precision in our kuowledse of humsn belavior.



