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PREFACE

It in the common axperience of many wha have artempred
o tezch gemeral payehology to wndergresduater, that fre-
quently students wre fuchoed 1o compare the sxpenmental
foundations of peychalogy wih those of phywcr and chem-
istry—usually to the detriment of peychology. The opinicn
iz pretey welt encablished, 1 think—certainly among the more
capable studeta—that tradhitronally, st least, the first coune
in paychology has conteined too much dislecde, too many
fine verbal dmtinctions, and too many technical definitions;
and that iz Im nude wo hidle appeal v concrere, cbjective,

Ia pert this ohjsction has been et
by the more mtcent text-books, but the text-book, by I
vary oature, muet confine iteelf largely to the ezposition
of general principles. Thus leaves to the Instructor che tank
of elaboratmg and cruphepang the more specdic experi-
mental fndings; or in hiew of this, the student in given read-
ing lists mod supplementsry referemces from whoch be @
suppoeed to fill in the details. The percencage of unders
gradusces who “go o the loerarure,” however, [x lament-
ably ymall, while the percerupge of these who wre capable
of evaluating what they read ia sull smaller. This, plos the
fact that the ume of the Instructor in usually limited, often
reatzicts consderably the ume which may be devoted o

the ! of paychology.

* The pmlent buok Lins been written with the speafic idea
of mexting the imllhm om:llnnd l'hm'r.. hu lvwed ochject in
to present the of pey-
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chelogy and o outline un some dewn] those great or claksical
experments upen which medem paychology talics its stand,
and stakes ity claim to be <alled an czpenmental science.
Every effort has been made w enbven and clanfy the ma-
terial s that it wall have a real appeal to enderpradostes,
wathout 4t the same twe compromuag it ssactoess The
bock ia interded to be weed primanly a & supplementany
ot socond book in connection wath one of the standard texm;
but it could be uted aléo w2 firgt course in sxperimental
peycholegy. Mot the leant of ita wirtues, T hope, ia that 1t wll
oot deter the bepinming student beeanse of its length, ner
dicourage bim becausz of its ardhey,

A woed of expl 16 tp order the me of
the adjective grnl" n the title What T hm tm:d to do i
to adest thote expeoments wheh owitg to ther mtnnec
value or huwtorical sgmificance or both are generally se-
k dedped by hel o deserve such &
descnption. [ am labonng \mdzr o delusion that T have
included off of the great experiments i peychology m thia
Yirde book. Probably lew paychol of anked to
thoue experiments which they coneder fundamentz! or grest
would make exaerdy the same choces. Many expenment,
bowever, would certmnly be found in nearly all Jists, and
it is such capenrocnte as these, upon which there i faitly
genersl sgreement, that I have tried o selact for presenta-
oo I shall be entircly atmfied of my colleagues agres that
the expecments beremn descobed are “grear” even though
they myy conaider that T have been guilty of omirting many
equally important contetbutions. Ie thie event, at least, my
wioh will be thoee of ommmen cather than of commansion.

Ip in a pleamant duty to acknowladge one’s yratmude for
uid grnerously green by colleagues and {rieads. I am much
indebied to Profossorm R. 5. Woodworth, H L. Holling-
worth, Huliey Cason, avd to Dr. Hemmrich Ehiver Tor sup-
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plying liste of great cxpenments, Professocs B 5 Wood-
worth, A, T, Poffasherger, €. ). Warden, Dr. R. A, McFar-
Jand, Mr, Presooci Lecky, aod Miss Aone Anastame of
Columbig, ar well an Dr. M. R, Schineck of the Oigr College
of New Yock apd Profesaor Milex A Tinker of the Usiveraicy
of Minnesots read onc or wore chepter and offered maoy
helpful crtricemis xnd tuggestions. To 20 of cheee T oam
exeoedingly grateful. My thanks are duc alse to those pry-
chotogista from whows printed wocke T have quoted ar Beve
waken diagras nr fgures, and ppecific acknowledgment s
made zleewhere in appropriave places 1n the rexe. Finally, I
wish to capress my patticular [ndebtedpess wo

R M Elwott, the aditer of thc Century szchology Senu,

for I ideas, & Tt in a
pleamurs © xdmuu-ledg! this nhllgltion even thaugh there i
hele ¥ of my flly discharg

Hufr.v E. Ganngrr
Columtbta Prverrgy

March, rp3a






EDITOR'S INTRODUCTION

In there 1o the college curmiculum any subject in which
it m more casy to nterest the student, and more difficult 1o
jostruct hum, than paychology? At prescsr the student ia
usually taughe first what 1 knowe 10 paychological scicace
{lacrual content, as o che typical beginmng coursed, second
how it har been found out {experimental methods and lab-
oratory), sad third how to discover something himeelf (re-
wearch). The wtudent’s contacts with there three lunds of
CppOTtunity mie Step-wnic, otw nher the plher,

This 4 i 1l The hannre
student ahoold be treated as & graduate sodent, less com-
petent perhaps, but recogmized 58 employing the same mearal
operabwons of crticism wad research. The sophomore or cven
freshman sudent should be shown the living methods of
prychology, if possrble i practece. Witk or without labera-
rory facilities te draw upan, the tie of & wngle standard taxt
in the fimt conree ia mot to be recommended. Habite of
skimming acquiced in repid reading eoursca i hstory,
literature, and the hke, may not affect the study habits
of the studeat when he is up mguiost & mathematics or
phyncE ataig They do undeubtedly tend to keep Bim
from raking a ren page paycheligy asmgnment verigunhy

Thera has long bean nesd for 4 supplemeniory teat like
the prescot one, srressing arpenmental methods, giving the
student scme idea how peychological facts have besn die-
oowred who the men are who have contributed to the
helogy Ind what probl await imme-

prulding of



x Editor's Intreduction

diaze zolution. Dr. Garrett's book, used paralic] with a text
of standard content, will punctuste mith quesnen marks the
stores of kmowledge 30 muthontstively displayed and will
safren the cgedity of the eyscem—bchaworisrie, expac-
ennpl, ergantemie, of whar not—which we foree gpon the
uneudpecting aod all too gullible beginnet. In it pages
paychelogy appears to the student as a live growing enter-
priwc with & persomal history and with @ Tutare 1o which it i
aot at all :mposssble 1o comrnbute,
R M E
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Chapter 1

BINET'S BCALE FOR MEASURING CENERAL
INTELLIGENCE

{1

I‘N 1904 the French Mumbe of Pubbic Inttruction ap-
pointed » of ph; d and acien-
xeete which wan nuugncd the uuk of {orm“hung methods and
meking Tor the of fesbles
munded children in the poblic schnols, One member el (i
commission was the emunenr paychologiat, Alfred Hinet, at
that time Director of the Leboratory of Physolopeal Pep-
chodogy st the Sarbonne. Biner war barn 1w Mies, Franee,
m (857, and war educaesd o be a physcan. His inversss,
however, early directed bum o sboormal aod chid par-
chology, and it 1 10 the latter feld that he is best ko
Tn 1895 Einet founded the jonrnal Lannde Prychoiogigus,
i which & number of b own scudies and those of hu -
dents wre publimbed. As 2 dizect cutgrowth of b work a3 &
member of the cammimmon mentumed above, Boet in o3,
with the eoltaboranen of Theman Simon, poblubed hiw firer
roagh scale for measonopg general intefligence. ‘Thae sce of
tests wae lollowed by an enlarged and revised edition in 1908,
end by w thied acd lus, revinen @ 1grr, publubed shactly
before Biner's unomely dearch.

It bau often been sad—and truly—that the devalopment
of the Biost-Simon Scale marks the real begunning of inteli-
Bence tetiing 4 we khow it toeday. However, il st ner,
be thomghe chat Biner's scale is mersly of historical wreresr,

3




4 Great Experiments in Psychology

After twenty years of revisiom, oificam, dscusion, and ex-
penmentaton, it i w-day il the prototype of the best mod-
ern sealen for measnnng general intelligence, while Bimer's
conception of imtelligeoee in in remerkably clode agrecment
with the views of present-day prychologuu. Less than wen
yean after the publicaton of ata final revison, the Binet-
Simun Scale war being cxveanively uied m Americ, Canada,
England, Aoatrahe, New Zealend, Sonth Alrice, Germany,
Switzecland, Ttaly, Reesaz, wod China, and had heen trans-
Taved inwo Japanese and Turkwh. Such widsspread ond m-
medite popularity mdwates dearly the grest need that was
feit for just sxch an intellectual measuring device an was
inpphed by Binct's tests.

(=)

How can wr cxplain the remarkeble ropomes to Binet's
simple set of werts? Perbapr the best way of answenng thn
question is te conmder just bow Binet made e scale, how it
differsd from previous teno, and what 1t was demgned to
do Firnt, le us look at Bioe's conceprion of intellipance,
upoh whith the method snd scde wer built. Before Bager,
mental taste had heen dewied chiefly wih the novan of
meanurmg rather narrow aspects ar pheses of mental aulity,
auch as rote mEmOLY, AteptioO-span, speed and aceuracy
of perceg and d in checking numbers or
recognang forme, apeed and accuracy of voluntary meowe-
FERtS, FEORCIY ACHILY, ete, Broer criticized toots of thin port as
beig toa reatricted tn scope to be good measoren af gen-
ergl phalicy. For thae purposc, he easd, we must wp the
“higher mentai faculties” such as resscoing, imegiation,
judgnent, ue i is here ﬂm :hﬂ':rmeu in mu!lemnl abulny
arc mest Lisly to ba
along wth good judgmeny, were for Binet th: Tout m:pommt
contribotors to general intelligence. nvellect, he zaye, is com-
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Binet's Scale 3

pounded of “judgment, common sense, initiative, and the
abiity o adapt onssell” Agam be stresses “meight” fmto
ope's own capabiies (potonously abeent in the fesble-
minded}, the alulty readily to edapt ooc's behavier 10 &
definite rod or goal, and perkutends 1o sbckang to & task coce

dermaken. Biaet o Iy marked off llig from
mern wformation which may be acquired in schocl or m 2
cultural envaromoment, although bhe ingisted that the mtelli-
geot person, uoles deprved by d of
& pormel eovirenment, will slways acquire more mforma-
tion than the umneedhget ane.

Einet did pot avtempt 1o azalyze invellecy into 1t parcs
and then to devie mmple tesct to measurs the elements.
On the contrary, be tconmdered it more promamng to at-
mae i ", by g the brard effects of at-
teatum, § jud and ing, ss shown m
the pecformance of farly complex tesks. Hu ﬁml u:nle con-
naeed of therty Fully welecred
These were arranged 1 a rough un‘inr of dlﬂinllty, deter-
mined by trying them out ¢expenmentally on sbout 200 noe-
ral children, The ters wers not grouped accordmp 10 ages,
Bnet aimply ndscated bow meoy tests 2 normal chid of say
five or scven yemre showld be expecred tw perform. In b
second scale, thar of 1goB, che tests were for the firet time
arranged nte age-groups, consttetng the At age-scaie
Thes scale contaned from foor to eght tevis for each age
from three to thicveen, each tost allotredt (0 an agegroup m
the following manncr. Whenever » test was pamsed by from
oo thirds wo three fourths of & prven age-group, Bioet consid-
ered 1t to be & far veat for chidren of thar age. If ol or

&ll of his Eve-year-olds failed in 2 gven test, he
rq.lrdd it an cbviously oo berd for children of thar age;
while if 1t were paraed snccessfnlly by pracucally all of b
ten-year-clds, it was clearly too easy for that age-group.
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This methed of discovering ar whar age a given test should
be put waz somcwhat rough and ready, to be wre, bot 1t
posesied the wirue of bung based upon cxperimental
data.

The 1908 acuic in of more than ardinary wnterest because
hete or the firat ume Bioer employed the concept of “mental
age”” A child’s mental wge {M A) depends upon the number
of tests in the scale which be can pass succeasfully. TF be
periorus a1l of the wats arngoed 1o the eight-yrarold groap,
for watance, he has 2 meneel age of B years, oo marer what
bin chronclogical sge (C A) may be If he happeos to be
five years old chreaclopeally, he 1w, of course, sdvacced
three years; if eight yeacn old, just nonmal, 3nd o gen years
old, retarded two years. Detcription of performance o termn
of mcotal age han proved to be exvramely weful in meoeal
meanurement Far cne thieg, it is more cemly ondearocd
than other kinda of scores by the non-prychologically trained
person; and forthermore, it permits a quuck and maningful
companson of a chuld's years of mentai grawth with b years
of phymeal growth,

The 111 ncale repressnts three yeam of work with the
1908 seale and 18 the fingl form in whuch bis test were 1eft
by Binet There are filty-four tests in the g1z seale, ar-
ranged in sge-groups as follows:

Binet's tgup Seale

Age HF,

1. Pouta 1o nose, cyes, and mouth.

2. Repraty two digine.

3. Eoumerates objects in & pictore.

4 Gwves faruly name,

. Repeats & ventence of six eyllables,
Age IF.

1. Gives bin pex.

2. Name key, kuife, and penny.
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4. Repeats 4 digits,
4 Compares two lines,
A= F.
1 Compares two waphts,
2z Copics & square.
3 Repeats @ sentence of ten eyllables.
4 Tounte four pennes
5. Unites the halves of & divided rectangle.
Age VI,
1. Distonguishes between mormng and afterncon.
2 Defincs famibiar words in terms of use
3. Copies 2 diamand.
4 Counts thirteen penniss.
5. Distngwshes pictures of ogly and pretey facen.
Agr FIL.
1 Shows nght hand and lefr ear
2 Dreacriber n picture,
3. Executes three grven
* Ccd‘::::‘ the valuz of six sous, um:e ol vhu:h are

§ Names foor cerdinal colors,
Age PI.
1 Compares two ohjects from memary.
2. Counts from 2010 0.
1. Notes amissions I'tom pictures.
4 Grves day date

A IX,
1. Gives change from twanty soun.
2. Defines familar wards in term superior to use.
3. Recognizes all of the pieces of money
4+ l:hmu the momhl of r.h! year in arder.

oMy q
A';.v X,
1. Avranges five blocks in crder of weight.
ies drawings from metaory.
3 Crmcmdalf:ﬁlurld ELatements
- hffirult
5 Uus tbre: Eiven words in oot mors thm two sen-

»
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Age XL
1. Realsts wuggestson.
2, Compones one sentence containing three given worda
3. Names suxty words 1o three muniutes.
4 Defines certain abatract words.
5 Duscovers the vente of o disarranged sentenoe.
Ape XV,
r. Repeats weven digis
2. Finds three nmes for a grven word,
3 Reprats 2 acntence of twenty-mx aytlabies,
4 Ioberprets petured
5. Inrerprets grven fzcta
Adult
1. Selves the paper-cutting test
2 Rearranges 2 triengle moimegmabon
1. Gaves differences beoween paire of abstract terme
4 Cives three differences between @ premdent and a

kg
- Gives the main thoaght of » selection which be has
heard read.

OF the tests which had appeared m the sditon of 1908,
several weee omitted fram Binet's finel mvimen of 1911 as
& rapult of vanous chncisme For roance, Binct keft out
certain testy which had been found to depead chiefly upen
specific [nformation obtuned in school, 28 well 28 such
rounine tets of commen knowledge as Laconng one's age
and the daye of the week Several tests which were found
o have been misplaced (bmng either too simple or too ddfi-
cult] were either shmmnated or ese sbifred up or down i
the seale, and several new tests were introduced, Jo maak-
g ths last revmicn, as m prepanng his two carber scales,
Buwer sttempted to include only tests which were net difi-
cult ma administer, wore relatvely shorn coversd ag exten-
sive range of mental processes, aad did not depend directly
upen spenlfic information obtained in school. Sech, i b
opunion, were the ol 2 goed Al test.




Biacr's Scale )

£}

Among the critidems wiuch from ume o time have hesn
leveled againwt the Bunet stale, probably the most commen
12 thae a <hid's performance depends more upon ik trum-
ing wad soclal surrcundinge then upm hiy oative wpility.
For thin reeeoa, it 13 said, the child from en cducated mod
cultured bome bas a dwnect advantage over coe ot o
favered. This it quite generally true, provided the cultyeal
gap 1n wmde, and has never been disputed by paychologim.
Mative capacty % of hitde value per re unless an shviron-
ment nwrable for development is aupplied. For sxample, an
American white child, brought up from birth among Esio-
mos would undoubtedly teat as feeble-minded on the Binet
scale, no marer how grear bis potencial abisty, Or o take 2
lean gerilung dlustration, it s clearly unfair to compare chil-
dren from the sloms of New York City with chiidren frem
cvltured and well-to-do homes. Many recent experimental
atudien have brought cut cearly this fact of the differentil
cffect of enwmircoment. & 8. Colvin {1g22), for sxample,
found hat children from a wealthy suburk of Boston raoked,
on the average, ncarly two yoars in mental age above children
from the poor sectionw of ancther large city Cynl Burt
{1p21) 50 Engluh pepchologist, found deaded differencos in
Buioet teat performance in faver af children of supenor s
ol statut 10 Loodon. The same invesugator Tound ales thae
children from supenor achools were on the aversge onc
to two years in mental sge abead of those from mfenor

schonls These results b ly the 1mp
of copsidermg a chdd's in preting his men.
tal test rating

Binet was fully awace that bis teste did not mearure in-
rate abilicy completely divorcad from the influence of eo-
*In tht prewent cofoeciam, read the dwommn m Chap 1, pp 447
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He istently held that a P of the
mental ages of m children e \ra]ud coly when both had
had the pame and the same common

backgronnd of czpenence. Bot when these conditions are
watafied, he conmdersd test ratings fair messures of com-
parative ablity oo the teasgtmable astumption that ooromal
children wili be esposed to much che eacne fzcts, and hence
will acquirs much the same information, Bmet's e, it
must be remembered, were conmstructed with the cxpresa
purpoee of reducing to & minmum the influences of spesal
traimng. Unless, therefore, the cultural gap s wide or the
deprivation from zormal contact with the cnvironment 13
acnous, mental ages arm wsually dose estimates of “real™
ability To be sure, raponees in the test make wee of verbal
exprecpons which are cleasly lewrned. Bur che abilities re-
gaired to see relaticns, mterpret meanings fin a puture, for
instanice), pve seowble defiations, detect absurditics o -
congruitics, and comprehend socul and other situanione de-
mand thoughe, rearoning, and judgrasnr—and these ace the
impontant sndicas of abulity. o chort, although the Hinst-
Simon Scalc draws heawnily upon langusge, it exacts & high
depree of ragacicy, cleverness, and mental alertness, rather
than the abuiy smply to reproduce parrot-ike facts learned
by tote.

Another criticism sometimes brooght agmnet the Buet
texts is that they fail to detect character defects, such as bad
temper, lazzess, and abnormal sex habiw, which are as im-
pomant as wntellest in dwly living, Alse, it 1 sometimes
charged that they fal to discover exceptronal grite m munic,
art, or mechamics, The reply to this s that Binet st out
Tocate the general intellectual level at which the child hahit-
ally funcnoas, not to soalyze chamacter trais of to discower
sxeeptional aprauder, Sull, o spire of thie recoguized Jimi-
tation of the scals, 2 knowledge of the meatal age in w de-



Binet's Scele 11

cidedly valuable mset even though one w interested pnmenly
in probl of del and | malad

Time aod tgamn juvende cours and childrea's choicr heve
demonatr) the iptimate coonerton betwsen crme and
mmmorality oo the oo baod, sad lowgrads intellect an the
gther. The methed to be followed tn treaung cheracter de-
fects wod deliogoencies will depend to 2 large degres npon
the wtdtectual lovel of the person to be treated  Also, kowwr-
ing the mencal age rating pmplfies to o conmderable degree
the aearch for causes, sven though rhe problem be largely
an smotiontl oo,

Whar may in pracuce be o decded himitavion i the value
of the Baet score should be mentioned at thie povat Thu 15
that, m aterkung an wverage or mese of an mdendual®s ce-
pacieees, gne 12 apt to forget that abilibes are rarely of aver
evenly developed, and that i & prosa botal acore
fals to tell us an what respects our subject in coapeclly
good or especally poor. The same wtuation is met with 1o
every test which goves 2 single ecore miended to be taken an

d of general arell ! [eve] P Wy, o is aften
fzr more valeabls to know that g cheld w gdvanced or #bove
age 11 abiity to heodle oumberz, say, or 1n Lkoowladge of
words and word relebions, or m retentivity, then to koow
that hes 1 Q Is oo or 100 or 120; for vocatronat or educe-
tional guidence may then direct the chuld into thoee conracs
of study or that kind of work lor whick e abclitics pecu-
bary fit kem A erained psrv.‘holwn alwaye studies s test
rezylty for id of special develor ar speewal de-

i toa, he il the mental age
tating with special vesta of Iummg of IANOTY OF FEAEONRg,
or even terts of manual dezrerity, such as spead and enord-
aation of mevernent. Theee speaal test scores wnay be pot 1o
the form of w “paychogreph™-2 charr wheretn the restes’s
various records are represented by a eerien of porntn plotted
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ubove or bdow the mean line or “norm® for his sgegroup.
Poelative auperiortica ar well as infencrities are deardy pre-
neared hy thu grlpﬁ:u] metl!od,

ik ng the stand-
ingefa mn—yur*ald buy, A F "y le'vernl odemad meRnurss
of abibity will be feund in Tlgur: 1.

Fw o
A Prcnocurs Bneemn Pormasawcs o o Vasaerr or Tepey
T\--ﬂaemdmldewakwnﬂldbwlr whose T £} any

The data from which this psychograph has been con-
atructed are puven 1a Table I cpposite,

The norms for thee physiesl and moror texts weze taken
from Pyle's The Examunation of School Chidres {15911),
xud the ather records from the inmructson booklets accom-
pamying the Sranford Achievement Tent, Advanced Exami-
aneen, sad the Steoguut Mechanical Aptrtuden Testr, Tem
IL It at ones apparene fram the charn thar A F. in physi-
cally above par for his sge. He s also advenced im arithme-
ut and in pechanical wbily, bt lage bebind somewhat in

g=, Bisory and reading. CHhand it
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rught zeem that dua ey would do ha:, m‘mﬂy, in mrk
magual d and

and meshameal hmwladge A further check-up an bis anter-

cots, ambations, Snancel etuaton, sad permopalicy would,

of course, be ReeRsry before ventuntg a more definrte opin-

ion. Serveral i of p phe of apecal
apttudes will be fouad ia C. L. Hulls A'pnlude Testeng
{r928), pages 2y3-177.

A minor hmiation of such lenguage tasta as the Binet hes
in the fact that they cannot be uaed with forege-bor chil-
dren por with adults who do nor sprak English, with the
deaf, nor very telmbly wath thoae who sturter, atammer, or
bave some mmilar tanguage handwap. This general iade-
quary ia ;oherent i all tests employing verbal expresaion and
bas been remedied o & large extent by the construction of
peclarmance teats Such teats requure theg the testes 5t blocks
intn & board {form-board teats), reconstruct puzzle petures,
learn mazes, gud, in geneeal, perform mental activites which
demand ingeowty and wright with a minimem of lan-
Buage "

To summarize brisfty what bap bean sud in thu section,
the Binet-Simon Scale and 1te denvatives are valid meaaure
ol geueral i h d only wh & and
amred in a ntand.lld manner, when the eobjects come from
a2 normal eovioemeat, and when they labor ander no
marked langusge bandicape. For che bear reaul, individoal
intetligence tests shoold be supplemented by cerchul obrerva-
Licn, in order to detect prechantics and abnormalities which
mught affect the teatee’s record, Whepever possible and prac-
ticable, too, the pereonal hamtory, medieal record, and habsts
of wdostry of the subject should be mverngared 4k well 45
his socual and moral habus. 1n the case of children, pley
t's:)l’h:—, B, exd Puteam, D, F Sele of Peforsonce Tasty

1920},
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habits and the traits exhibited in achoo] sheuld be carefully
noted The Bimet tests and thewr later revieront have been
espeenally valuabie in schools 1o detecting the low-grade a¢
well 24 10 selectiag ehildreen ol supenor abiliy. In many pro-
greseive schoole to-day spemal work & provded for the dull
group fitted 1o their Lmited sbilines; while for the second
group there are provided conched coyraes of stody and ac-
celerated dusses

(4]

Banct’s tests were quickly taken up o Americe, where they
were adapred and revised to fu Amencan children and the
vonditiooe ol Amercan file Goddard {1911} was the fint
1o wiroduse Bmecs tents into Arenca, He transdated the
scals 1nto Englsh, mede some changes 1o the postion snd
wording of certain tests, and used the mcale extenuvely o
bt work with the fesble-minded ac the Vineland Trasing
SBchonl, Beveral later tevicions of the Binet scale have ap-
peared, one by Terman w1916, and owo by Enblman in
1giz and 1422 In addibon Yerkes, Bndges, and Hardwick
{1u5) and Hernng {1g22) have published revimems m
which the clasmficanon of rhe tesw into age-groups hag bean
abandoned 1n favor of 2 “point scale” methed In pownt scales
the tests are fiemt acranged w an order of difficulcy, and
credits or pom are then allowed in accordance wath the
oumber of terts passed wuceesafolly Thin poinr seore may be
rrantlated 1ate a Cocfficent of Mental Ababrty, the child™s
score dnnded by the norm for b ege {¥erkes), or into the
more lamihar M A or I G {Hernng).

Ey [ar the best known, and che most widely used, of the
tevisions of the Brnes-Simen Seale of vests i that of Profes-
sor Lo M Terman of Stanford Univermity. This revimen in
knowh generally as the “Swnford Revimon,” or often umply
a1 “Stanford-Binet,” and ic & carefis] and thorough warking-
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vrer of the old Bioet seale. Terman found that Binet's pesty
were too few and too difficult at the upper sgelrvels; that
many were misplaced 10 the scaje; and chat the izstrectons
for giving the tears were vleen indefinite. To mpore unform-
ity of procedure . making bis vevinon, ooc hall-year waa
PPNt 10 traming craminezs to give the teste, and ancther
bali-rear m superviswen of the testiag. Io all, forty new tests
were tned out, 7,000 schoot-chiidren of average socal status
furniuhing the chicf expanmental group. As finelly drawa up,
the Stanlord Reviron contained nintty tests, thirty-ax more
than Binet's 1017 scale, Sox vests and one alternute tost were
placed in cach mge group from the age of three o the age of
ten; eght testa wete placed at nge twrclve, six 2t age fourteen,
aiz st “average adult” level (wken at sizteen), and mix 4t
the “superior adulc” leval (raken at eightesn). lo addicien
o the mental age score, Terman used the expreasion meah-
ence quotient, of T Q, 10 express mentel development or
brightness? This term in simply the rapo of the mental age
to the chrooological age. For ezample, a child of sight mth
an M A of B years has an I Q of 8/8 or 1.00, if the child's
MAisGyears, s [Qan /B or .75, f hu M A s 1p, hu
I Qis 1o/, or 1.25, The mental ape expresses the intellectual
status of the child—hin posibon cnt the mesral growrh coree
—while the 1 C tells us how bright or how slow he @ rel-
wtive to the sverage child, whesee T (] ja alwayn 1.00, or 100,
a8 1t i more commonly written. In the Stanford Revisicn,
cach of the six tesrs within a given agegroup coungs for
twro conthe of mental xge (except at nges twelve, fourizen,
mxteen, and eiphteen, where each rost han greseer value),
o that mental sges of so many years plus 30 many menthe
may be cabculated frem the scale,

The child of aix yrar and six mooths, vy, whe i sy

*The o selliprure quotinn wa it coed by the Gengis prychale-
o Willum Btam {2013].
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wveraga should pase @f of the teats for dix year and befor,
und three tere ot age scven, As it happens, however, o
atricily average child probably ezisce only in rextbooks, and
sa v almost cvery casc there in some scatter in 2 chuld's
record of pasies: that O o say, be fails oo some of the
tests below b true mental age and paseen mome of thoe
above it. In the end, bowewer, these fallures and succeases
belence ench other, so that the normaat chiid of seven yeass
and four monthy finally comes our with a mental age of 7
years and £ moothe, and a0 I Q of 10 A superior child, of
coume, will go hgher than b aotnal age, while & retarded
child will find tests which he canoor do below bis chronclogi-
cal age-groop.

Before this settion closct, 1 word of warmng in in erder
regardiog the adminiscravon of the Stanferd-Binet, or for
that matter, aey 1ndividusl mentzl scale. Beacause the teata
secm B0 E2Ey b0 give, many people mustakenly imeging thar
they can admimicer them withour previous supervision in
testgrong or trumng in peychology. The ualortunate part
of it 1 that they can gove these testa nfter a fanhion, but the
reqults will alovosr certannly be worthless and wall ueually be
downright musleading, Such “vesters forgec that the chjsct
of the examinanion ia (o see whether 2 child exn do certan
things wnder corrfully presenbed tomdions, net whecher
he can do them when gven pleaty of tme, and often plenty
of mgg and prodding, too, by the iner. & tramed
czammner, first of all, knews the tts by beert; be s careful
1o sec that he han the child's confidence; aad has wtrmulated
kv inkerest, vo that he will do b best; and he gives and
woores the tern strictly acoording to the divectionn laid dowm,
in the maoual & year's gradoate study in peychology plus
at least six momths” practea]l cxperience in giving Tocotal
tests under supervition iF 3 mizimum requirsment for a4
truingd exgminer,
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£4]

As indicated in the last attion, the average adult level of
genezal wrelbgence was placed by Terman at prceen years
The view that mt.g'l.'l:g!nu matures or reaches the adylt level
at thig relatively carly age 15 ded wath surpeise
1ot unmaed with doube by mn-pny:hn]aguu. Many people
are 1nehned 1o contend that meelligence surely continpes o
grow well into muddle Lfe, wnd they resent—when they de
oot scofl at—ibe idea that they wre no emaner at lorty
thas at wmeen. The confunon here ie due enturely ta 2
misunderstanding of what the prychologst means by wmrail-
grzee sod by maoterer. By intdbgence, 11 muost be remem-
bered, prychologn wean raady ld.apuba!.qr 10 REw HIUA-
bnm, m:nt.n.! 1 and i and noe

{edg, whuck are prod, of these, and
whick uuul“? do increase mth agu—dt Ieast beyond sxteen
years Generally speaking, it i oh\ﬂmu. of course, that t.h:
wverage Tather has more gy d more ap! ot
edge than hus sixteen-year-old son, that be can do many more
things and bhas wider experience, though he may be oo more
alert ner readily adaptable (potenually intelligent) in the
prychologit’s gense Carsfully repeated measurementy of
the same and of different mndiriduals over @ penod of yean
have shewa that zative ability (in do Tat a$ 3t is measured
by mental tens) increases rapedly duning the sarly years,
then wdvances more and more alowly as the teema are
reached, until somewbere between fourteen and emteen
yeary the average indmadual does ma well a8 be wall do et
twenty or thirry years, or ever, At this comparatively early
age, most people possens ar much patural keenness and sheer
netive ability, apart from expenence, as they will ever have!

Curver showing the growth of intelligenee 1 bright, aver-

*Sen further Chap 1, pp 5790
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age, and dull children are represented in Figure 2, The mid=
dle corve shows the cournic of sverage, the ypper enrve of
supenor, and the lower curve of infecior intellest Note that
wvernge intellgence risen rapidly dunog che fimt four or Bve
years, that from fire w0 ten or eleven, growth, while evident,
11 concderably slower; and that from this powoe on the
curve gradually ceazes to fine, beooming level somssrhers
between fourteen and suteen years, The corve for soperior

r o oSk
i1

inferior
2
H L
o a 4 L] w 1 t¢ B 18 I EF
Clmclnglcnl age
Fre 2

WMewrar Grewry Cowrey rem Syvevjon, Newair, swp Dene Comsery
o e

intellipence ritet more rapidly and pos higher chan the
average curvs, probably noc reaching im level wotil two o
three yeam later. Ar shown by the lower curve, mental
geewth mm the retarded (thne of inferor ioreligenee) in die-
tinctly elower than m the nommal and supenor. Also, mental
growth reaches ite mazmum from two to thros yeoars earler
thea m the normal, or average, grewth curve. Except o the
mateer of speed god quicknsws of reaponce, the Jne o general
abdity from twenty to fory or farry-five years appeant to be
relatively alight. In old age generai intelligence wanes tdandy.



1] ANTAL CAPCTLIZICULE U A DYSULIUEY

(6}

‘The wid 2 licadien of intally vty bo large
sumbars of chddren and adults has catablished qurte cleatly
the vanoos degreet af ntelligeties to be cxpected i the
populanen 2t large In srauttical langoage, intelbgence s
sud to be “dutnbuted normally,” chat iy, in accordincs with

0 W M W 100 LU 12 15 it

Fic g
Dmramomos o Iemesmener (10} m me Guommas Porhars

the law of normal probability Figure 3 shows the normsl
probabillicy detribunon or normal curvs, with the per-
centagen of the diferent grades or degress of intelligence
which might be cxpected to occur @ a wery large sampls of
people.

A wormal dutribation of people with retpect to any trait,
wuch an heighe, speed of mevament, or general alolity, pmply
meann that the majerty possess a medium smoust af the
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Tt in quettion; that lester mod lesser amaunts ate posssssed
by fewer and lewer individuala; and that greater and greater
amounts arc possceeed by steadily decreamng numbers To
put it in n different way, of we bogn at the average, the pro-
partion ol individoals beeomes smiller and smaller e the
amoune of the trait grows eher [arger or toaller ‘The ane-
mal dimtnbution of & bumea treit or charactenwne m well
altgatraved §o the cane of Beght, By lac the greater number
of men ace clase 1o fve faet cight inches v heghr (the aver-
age); fewer men wall be found two inches taller or two nches
whorter thao this average, still fewer four jaches taller oo
fagr inthes thenter, while the number of very tall {ower
seven feet) and very short, {under five farr) men 18 evemed-
ingly amall indeed. What in true of beight i true alio of
peneral catelligence, and prd:nlﬂy of oll mental temite, Ree
peated of have the
fact thar about 6o per cent ol tha penergl populecion
are of averape inteligence; 18-ty per cemr arc somewhat
gher or somewbst lower than the aversge; while
rooghly 1-2 per ¢eot are very supenor or very inlenor. (See
Figure 5 )

A deseriprion of meellectual level in terme of T G may be
expresned 20 follows-

Appron-
mair To
I Clasref vhe popal

136 od gbove  Very supenew 1

lgmlzq S:E{rmrP:: very bnght

118-119 Brighr i

90-100 Average o mormal

Bo-8g Dull normal—backwan

o-g Baorder-line, very dull

o5y Fechle-minded

O conrss, the oumber of fechle-minded in tha gencral
population (here put at 1 pee cene) will depend opon where
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the line of demarcation between the pormal and the feeble-
minded it drwwn At present the best opuauon ssemp to be
that all iwdwidualy below Fo T Q sbheuld probably be classified
ag fcubln—mmded Three daraca of the fechble-mnded are gzo-
crally 1 by peychol wiz, wdiotk, imbecles, aad
morens. Idiors, who are the lowest in intefllect, range wl Q
{rom aboat o-a5, ther mental ages rarely go above 2 yeara.
Imbecles moge 1w I Q drom 25 to sbout §0, with mental
ages of from 1 1o 7 years. Morons bave 1 Q' from 50 1o
ahour o, their mental ages ranging from about & to about 1o
years Scales like the Stanford-Binet have preved to be cx-
wemely wkeful in differenciating quickly and acrurately
among thess different grades of fseble-mindedncss. In many

far the fcebl ded, the ond and the extent
of the umning attempted depends in large pant upon che
prehminacy meatal e raung.

Worth mentioning 1n the present cannection is a eontsibo-
von made o theoretical psychology by the Binet and other
mental teats Thu 15 the experimental finding that the feshle-
minded are not a distinct species separated off from the
pormal human, as, for 1oatance, arumals are separated from
man® There 13 no sharp diviion berwern normal and
ferble-minded ao far an performance on ntelhigence teats Is
oomeerand, bat & gradusl progression lrom one group to the
other, The difference between the rwe groups e quamares
rather than gualuariee, o matter of more avmlable and mere
complex bebavier upits rather than & matter of a drfferent
dand of snellecrual actoviy.

As Binet’s original tests were consrrpcted with the szpress
purpote af locabng the fecbfe-minded, for 4 Joog time this
war regarded as the chief function of general intalligencs

"Noomnrthy, N Fhe Prpcholopy of Mentably Defovent Chalidron
‘:‘:vm:. Cotugibe Unweruty Connbutams to Phikmovhy 46¢ Prychclogy
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teree. Prebably a good deal of the supition with which
teats were (and eull are, 1o rome degres) regarded in g re-
flacuan of this view. The cxpresminn oo “submee” te 2o intel-
hgence teat describes it cxzactly, Recently, however, the im-
portance of meoeal tests in Jocetng aupenor childeen hes
been recognized. Iotelligmnce terts are now beng wadely om-
ployed os @ mesns of finding brght children who should be
rapudly sdvanced or given apecial attention. Tecman's Teceat
atudict (1626] of 1,000 chldren with T Qs of 130 and above
hat shown thae these very supenor children rend o be above
the average in height, weighe, and general health, an wall as
in looks and social and emotional marnty {aee further pape
1793, Thie flatly conecadicts the old ides—still widely prev-
alenr, unfortunately—that precocious children wre usually
poorly adjusted somally, that they tend to be puny and un-
dersized, and that they usually die at an carly age! The pac-
cats of Termen's very brght childeen wers for the most part
Trar the praf 1 ped the profeational elgeees (B0 per
cent), only & small fracucn (6 per cent) cornng from the
semi-akiled and laborng classes. One fourth of the children
had ar least one perent who was s college praduaze, while the
average schooling of both parcnts was ahout twelve grades—
twica that of the general aduolt populenon. These resnlts in-
dicate that both the heredity and the epvironment of thess
bnght ¢hildren wers dutinctly mbove average.

6]

The queation of the conttancy or sabiliey of an mdi-
vidual's gmﬂa] Lewad aff intelligence throughout Lfe is beund
op with the prior i ion of whether lil ie in-
bomn and nenive, and henee largely f not entirely determuned
at birth; or whether it 1 only loosely native in the sense chat
all behavior 15 lundamentslly mnd potentially oeove, and
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Lence is generally and highly sueceptible to vmining. There
in oonmdersble evidenee i favor of the view thag intelligance
is imborn, wherited after much the eame mamer ns phytical
charsctenitics

In the Eret place, we have the fects of common everyduy
obeervation Bright boye and bright girle tend to grow imao
bright men and women, while the history of stupid peogle re-
veala more often thes otherwise a revord of stupidity m chdd-
hood Meary every ope can cite instances from bin own ez~
penence of dull chuldren, whe, [n apite of every advanpage so-
cially and educationslly, have grown iuto dull and mediocre
men and women, while we all keow of bright children, wha,
despite merked disedvanteges, have mested vpan remaicing
bnght and becaring succeseful Among children who grow
up in the ame commonity, actend the same whool, play
together, see the seme movies, and, all i all, pocsses about
the same opportunitics, wome will lcarn more mpidly and
progrens [aster than ochers. Such an autonme Uit be largely
the ] of setive diff: [t

There are excsptions, of course Dhacase, deafoess, poor
eyeaight, unkind trestment, » restncted or wicloua sniron-
menr-—all of these erve to compheare the parure-ourture
predletn, Bur when all of thess are aflowed for, the faet still
remains that some people are watvely better equipped mem-
ally than sthers.

The bicgraphies of men of genius revea] the fact that
emeptianal gifts usually appear cedy i childhood. A famoes
llustration is the cape of Sir Fravcis Gaiwo, who could read
when he was two and one-balf yezrs old. The day before hix
fifth birthday he wrote the following note to bus mister: "My
dear Adele, T am 4 years cld and can read aoy Englinh book.
I can sy all of the Latin substantives and adjectives and
active verbe bendes 52 Imen of Letin poetry. I can cant up
2oy aum 10 adduion and muuply by 2, 3, 4 5, 6 6, 0. 1
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cun aleo 3ay the pence table. Frapcis Galton. Febuary [nic]
35, T827.” Terman {1917, after studying Galton’s biography
and later career, estimaces that e I Q) must have besn close
to 200 Voltaice begaa to read at three and a owelve wmie
a tragedy Sir Inaac Newton, as o chold, was “constandy
cupled dunng hw phr houra” in dmumg all sors of con-
and ter-clocks and kites.
At seventeen, Goethe was familiar with the poetry of the
teading navione, he bad done extensive reading in German,
French, Letin, and Hehrew; bhe knew the hstory of the
European countrics in detail, he played the pisnc sod the
flute, and wav conndered a promusing an student? Orher
Mustrations abound Mecanlay could read ar four, and at
elght wrote l "chaua: to convert the nativer of Malabar to
h j Edward, wrme a paper ou lpldcrl
at twelve which actually d the
on the aubject, Waleer Scott and John Stuart Mitl were nun—
wdered to be nfant prodine. Childhood bistories of Fran-
cir Bacon, Descartes, Spincza, and many cthers a1l give
early promise of later greatness,

Not all geniuses, bowever, have been recogrized an pre-
cocious in youth, Darwn, for instance, was conmdered rather
dull by hu teacher, pardly, no doubt, bessute be carned in-
sectn wnd smull ammals around in his pockets, oftsntimes
distucking the serzmty of the class-room. Napeleon's rocord
in miltary school was just average OF David Hume it win
eaid by his mother that he wae good-natured but “vocom-
moa wekemended.” Thomae A. Edmon was usually et the
foon of his class in echool, and considered “addled™ by hin
teacher, despite the fact that he read Gibhan's Dechne and
Fall of the Roman Empmre, Hume's Hittory of England,
and Bunton's Aeatomny of Mefanchaly belore he wan torelve.

\’:‘lmﬁ mumermu lhwtratems see Geary Stedier of Growr (b},
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It ia bardly probable that these ifl §

o the rule, "bnghl child, bright adule™ Mnny 'Imlhlnt ekl
dren ate hopslenly minundersiood by their parcots an well
a8 by thewr teachers Uneaterested i the {to them) simple
Jacts taught in school, they often arglect their lessons, mean-
while concerning thempslves with macters far beyond the
capacity or intereats of the ardwary child Bright chidren,
too, are freqaently mischievons and problem cases, becaune,
quickly granprog what i taught, they Wle or play wstead of
dutsfuily paying attention and downg assgned taska, Intelb-
peoee testa are downg mach to discover aod prowde for the
exceprional child Special clackes, exera studies, and other
cxpedicnts of a Lke natare offer opportuncty for wnitiative
wad creative eodeavor, to that the energy of the bnght child
in unefully coneerved and apphed.

To take the pther extreme of the intelligence scale, we have
much evidemee, too, that imtelhgence is Datve and inherted
Erom the way 1o which fechblemindedoess rends to run 1n
farmilies Authonbes sttmate t]\al iu]]y 50 per ceat of all
feebl dednesy is maove and i d, the L]
per cent hemg due to diseace or wjury at burth or 1 alrly
childhood {Tredgeld, 1922). Normal pareots who come ltom
families 1o which there 11 no mental defect rarely have a
fechle-munded child. 1f, bowever, one parent » aormal sod
the ather {eeble-gmnded, some of the children ace likely 1o be
feeble-minded or very dull; whie f both parsnts are feshle
mnded, alf of the chuldren wall b fecble-minded or low-grade.
‘Many studies have been mede which show thet fecble-minded
wend to mate wib feeble-minded, chui pasnng on the defect
Irom one generation to the nert. Goddard (1914} io bis srudy
of the Kalhkak famly (2 fictitions name) went back five geo-
erationn to Mactin Kallikak, a man of goad ablity {pre-
snmably), who, during the American Rerolufion, bed sn
legmmete son by 2 g1l koown to be fechble-minded. From
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this son have come 480 descendzots. Of thess, 143 were
{feeble-minded, forty-aix probably normal, and the rest
deubdul. Ampog the total lot, thinty-six were dlegnmate,
thirtythres  were uxually immoral, moaly prostiutes,
four were drun) three were epilep aighry-
two dl:d 10 inlency, threz were crirmzale, and eight were
keeper of heubet of di-fame, OF this family tree Therndike
mmrkl (1914]‘ that it cnnltltutu “3 hornd array of human
" After the R o, Martin Ealhkak mar-
ned a nm’m:lly antelhgent woman Df Quaker steck, Fortu-
nately Goddard wae able o trace 406 descendani from this
uman, and the recorde of these ofspnng fureub an efective
Mermtrol” cxperiment, 45 it were, to the other hae, Al of there
legimate progeny, except paskbly two, were normal mea-
tally and marally, and scveral were ovidendy of sepenor
wmtellect In this group we find lawyers, phymioans, gover-
ey, profe , and college presid After surveying all
af lus evidence, Godderd wnites, “The fact that the descend-
ants of both the normal aod the feeble-minded mother hava
been itudied and traced tn every coocevable eavircoment,
and that the reapective straina have been true to type, tendy
to confirm: the belief that beredity has I:c:n the dcmmlmnl
fllmn‘ in the fx al thar pe
| awid of the i of inheri in
dmnmnlns the degree of intelligence han come from the
stody of menta] resemblances among membera of the same
family. Galvon, and later Theradike and Merriman, among
others, have shown thar twine are much more alike thaa
miblings {(ordmary brothers and sisterg) in traite hetle afacted
by traitiog w8 well gs in those upon which the achool concen-
trates ite influences (soe alio pages 162-3} The relabonship
etwean the menpal traite exhubited by members of o faruly
is me high 28 ar higher than the relatooship exhibited by
phytical traits, such an hoght, weight, hair, and eye-color.
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Since the physical rescmblances of wwins and brothers and
sisters are accepted an due (o mative factors, it would seem
thet mantsl traits muet slso have @ fative basit.

If, as seeme highly probable, mtelligence in [zrgely doter-
miped by nanwe factora, it follows that the T Q {assuming it
to be a fair measure of mencal ability) sheuld remain con-
stznt throughont life, Many recent studien have demenatraied
thae chin in suk lly true* Rep of the Stanford
Binet test on the same <hild after one, two, or more yearn
have thown that an I { rarely vanes maore than four or five
peinte up or down from the initial value. This reault holds,
ol course, woly for normal chddren who have had pretry
much the iame social apd edueations) advantages and eppor-
tunitres. Children brought to fnstitutions from bad hormes wll
often show & decided momeare i 1 Q after o fow montha of
kmd treatment, good food, and medical xttention, such as
removal of disemsed toomls and adencuds. Also, children
raived in inolated envivonments or under pecoliar or reatrain-
ing condirans will many times exhibit the jame phenomenon
af 1 1 merease when given normal surrcundings and fair
opportumity. Cares puch a1 these are w be attnbuted not (o
any real inereaae (n entellectual ability, byt rather to the fact
that the potential capacities have oot hicherto been given 2
chance vo function aormaily. Sush T ) incrasses are really
mezsures of the effect of a narma! social enviranment, edu-
cation, and fair treatment.

By way of pummary, it may be aaid fairly that on e
whale the Binet-Simen tests and ther revisians have amply
justifisd thew exitténce mnd their wadspread une. Their
promiae for the futare i all in whe dinection of facrer Traa-
ment for the incomgible and mferior child an well an for

*Bre; s un sxaniphe, Rugg, H O, nod Callowm, €, Conttancy of zhe
Stanjord Biret 10 ar Showee by ReTemts, Joaceal of Educatwnnl Pry-
chology {292z}, 12, pp 3TsaE
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the surmal xod swperior by providing e oppertunity com-
menaurars with individoal abdhity and fitted to individual
noecde. It would seem that ineviiably mch I mtlm st
lead to better adj and 1 d h

Suggested Readings

‘Theare ara many books oo mental terong to which the in-
teresead atudent may refar. The following are augges
1. A brief burery of the testing movement 1 given in R
Pu'.\mcr'n I, qmre T‘umg {1523), Chaprer I
M. Tarman's The Mrasrsment of Inteiligence
1916,! ives o complets account of tha Stanford Re-
wvigion of the Binet-Srmon Scale
3. Fnr the réfe of low-grade intellest in detinqoency, see
W. Healy and A. F Brooner, Delnguents and ?." i

walr [£2:75
4 There 2 a clear accoune {wih luscrationa) of taany
af the of wnce Binee 1

R. Fuotoor's Edweatioxal Prychology {19ag), Chap-
ter V.



Chapter 2

ARMY ALPHA AND THE RISE OF GROUP TEETS
FOR MEASURING GENERAL INTELLIGENCE

[£3]

THF. ertensive obe nof mtellgence tasta ' in the Amencan
army dunpg the World War, {or the purpoes of mess-
urshg the i'b:hty of Iarse groups of roee at the same wme,
logy's greatent 10 homan eng-
necnng. Dnnng the years 1917-1918, iotelligence cxamine-
ucna were given to slightly leas than 1,750,000 men. Ae an
u-.nmedla(e result of thene teats, abant E000 men were Tec-
d far diach hecpute of def
wroething hke 10,000 were assigned to labor battaboas or
e ather servike tequoirng low-grede ability; and about
1500 more were recommended to be sent to specal de-
velopmant batcabions for obeervavon and furher trawng
Nearly one thed of the mem examuned were unable w read
or write, ot elee did %0 o pooely w be claved ok Lrerats,
and to these wat given @ specia] cxamwation prepared for
alltermeze.

The army meatal tests were pot, 2 is somerimes suppoed,
#imply 2 seres of questions, puzrles, and other “ptunce”
thrown together without purpose or dengn. On the comtrary,
they were earefully seleacd and meibndizally put together
in accordance with the best acientific principles of teat-mal-
g then available A brief cutline of the steps leading up re

"Fer 3 domwieen of what poychwiogats ooma by the mmm poperal
weelfigence, wee Chap tp 1B

Eul
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the comatruction of a group tesr for mesivrng generdl in-
tetligence, demgmed especielly for scldiers, will show 1he
care whid: war exerased In Apnl 19I7, s COmMUTtee WR3

P d by the A and
to this commitiee wan cm.ruutr.d the task of prepanng an

d =it far the general || 1 level af
large smup: of men At the same ume, Thit committes con-
sinted of PeY who were lists an the field
of menu[ tuung, and wu under the dlmcuun of Rabert M
Yerkes as charman. All of the matenal premoosly used in
megquemg iotelligence wan cullad over, expecially & group
test devieed by A. & Otls, which had not at thay wrme been
publithed The commuttes decided that a general intelligence
eraminatscn imicnded for use with soldeere shoold, as far es
pocable, mest certatn definite requirementa These, in bred,
were as Tollows. (1} It should a3 nearly as poesibie be inde-
pendent of speafic achedl informaticn, sioce s aim was to
discover & man'a mgttee ability rather tham bis degres of
formal wchool traming (a) It shonld be steeply graded m
difficuity, i =, hard enough to tax the high-grade men, and at
the same (ime e1dy eoough to measure thode of lesser abulity
{3} Beorng muat be ampls, rapid, and ohyjective, so that
little mught be left to the perscnal judgment of the scorar
{4} It should require @ mimmum of wrtieg oo the pant of
the toster, in order to ehmingte ppeed of wnung s a largs
factor in determunng the score {5) A oumber of different
forms approwmately equal m difficulty must be draw up to
prevent coachmy In addition to these more formal vequive-
menta, ap efort wae made to utibee material which woold be
interesting in tself and varied eoough to keep the men "om
the job ™ How well these prinaiples were adhered to we shall
see in later sectionn,

After much cxpenmentation and trial, two tests, ane for
men who could read and write, and one for those who could
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do nerther (or elea do s very poory) were devieed. The
teat; for hterates was called the Alpha, that for illiterates the
Bata, emamination, [n preliminary trialy, Alpha was teied
out on elementary and bugh school children; largs groups of
sindents w schools, colleges, and officen” trmning camps;
more than 5,000 enlisted men, and inmares of various insti-
witiops for the feehleminded The wahdury of the examina-
tom, that i, ita value a5 a measure of gencral intellect, wan
checked aganst all avalable oitena. amomg the sudents
aod the fesble-mended, by such measvres of aptiuds a9
wchool grades, teacher’ eatumates of ability, saod other intell-
grmce tetty, 3uch a3 the Staplord-Binet, among the soldiers,
by officers’ ratage for abilicy, rank ataived, abaliey shown
10 traming, previcus cvisn secomplishments, and the ke,
“The correlatvons ? between the Alpha test and thewe various
critena fangsd from 56 to 5, whech means that statine-
cally che tet is a reaconably vahd meaayre of general abiliey
e here defined. The Beta test gave returne nearly as good
as thoae obrained with Alpha. The comisiency or refubday
with which Alpba and Betz measure abiluy proved abio w
be satiefactory. For example, on talong a second form of
Alpha, o maz's score will rarely deviate more than four er
five points from hix ficst raung, so (hat an obrained Alpha
acore may be taken as an adequate measere of performance

{2)
The Army Alpha nrelly, E ion d of
cight tests which may be descnbed briefly by the followeng

“Corvelation u 1 muthematical mcihod of meaurmg sedstionahp be
tween bwo ety of test moomes or gther meoworma Carrelotsen cocffcenyy
sange o -k 100, ar perfect reatwambon, thoough oo, just nn releton
whap, dews 10 —zoo, pafen s relahe A eorrelauos of o
denners w fwwr, ooe of 95 4 very high, Telenensbip

"4 the Alphe loxt war grven 4o ltzoates, ity from o a groenly
mort enlabeening and valoablo than those fom Beta For thu reawm
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s, (1) Following Directsons; (a) Arthmene Problemes,
(3} Practeal Jud, (4) & Antooym; (5} Dhs-
artanged Sem:nng. (6} Mumber Senes Complatoa, (7]
Analegiea; {B) General Informanen The itemi i cach of
these toyts were arrenged g0 se to be progressively mom
difieult From the beginmng to the end of the test. Time-limes
were aot for ench lest shom enough to prevenr any but the
very lastest worker from finushing 1'hss precaution is readily
appreaated when gne conalers that the mag whn finishe
1 tear bafors ome o called u acrually oameacured, for we
cannct say how much mors he mpht havs done had more
materinl been wvaalable It m just w true, of coune, thet
the man whea storey fero oo 2 test s alun uomeasursd, as he
mughe have done a very few iveme, ar least, had sull eaner
ones been provided. Five formoe of Alphe were constructed,
alt approxiciately equal w ddficalty.

Juer exacedy what the Alphs Examinaisc was desigaed e
do will be dearer of we coneder the scparate reatr in 2ome-
whit greater detal. 1o Text {1}, Fallowing Dhrectuns, cach
1am wan 2 be marked by the soldier o aceorduncs with
certain definite dicections given by che examiner. For ex-
ample, in the second wem there are mne cirdes each con-
Taimung 10 ordar o nomber from 1 to g ‘The dirscuons are an

follown.

“Anteotien! Look at 2, wheee the circles bave numberny in
thees When | szy Go' deaw 2 Iine from Cirele 110 Carele ¢
that will pass abwee Cirele 2 and baloty Cirde 1. Gol™ {AF
low not cwer 5 seconds )

Therr are twelve items o thin test, the later coer beng

more diffizult than these which comme garer,

we dbgll el chdr lmh .Mphn o the kllowey paps, by wmpona
b jurementiad

et B Bty wall
‘mﬂlmwwdmdm;mummlmm!
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Teat f2), Azthmetic Problems, conmted of twenty ordi-
oury problema of the “remscrning™ or “mental anthmetic™”
vancty. The tenth problem reade a3 follows:

10n If 1t takes giz men three da’s o dig a 18o-foor dr:in).

how many wilt dig ic o kel 8 day! | Apswer {
Frve mioutes ere aliowed for the eotire beat

In Test {3), Practical Jydgment, the directions were bo
ndicate the best of three posteble anawers 1o 2 grven questron
by placig an (X i the “box” before n ltem ¥, for ex-
ample, proposcs the following question.

T Why m wheat better for food then corm! Becanse

D 1 U Mo futnticuy
O 1t v mare SXPEALLYE
7 it can be ground finer

Ooly por and ooc-half minates ere allowed Jor thie test,
which coniaine &alsen ftems. It s meant o be a test of
pracheal “ommon acneg

Teat {4}, Synonym-Antoaym, wes desgned to gauge ahil-
ity 1o mpprehend relatons of Likeness and difference. The
ability to wse relancns 1t belived by many paychologi
to play a hghly smportant rfle 1o inedhgeoce, lrems 26 and
36 may be taken as examples-
26 Faltacy-venty

16 I d
Instructions are 1o underfine *same” if the two worde mean
the same or nearly the same, and of they do net, w0 underdine
“oppesite™ There are forty memn in this veat, and cne zod
oor-half mnutes are allowed

The D¥narcanged Sentences Test, No (5], wan planaed
o measure the tearee’s sngeouity and cdlevernens g0 showa in
hiy ability to rearrange jumbled worde inte & seorence. To
Juntrate with items 16 and 27,

.. FRRC-Opposite 26
. t &

B 3
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16, pinety caba! agn built Panama yeam

wan the .. trae-falie 16
2z, employ debatars wrony pever. rue-falie 21

The twenty-four items n thig teng are anewered by drawing
a line under “true™ or “lalse™ Two minotes are allowed

Teat (6), Number Senes Compleuon, was desgoed to
meagnre “ressoning™ ability. The rask eec wan the comple-
tion of given senes of oumencal srrangements w4 logueal
fashien. The thireenth and mzieenth itema ead.

11 T3 1z 1413 15

8 2 9§ 1 13
The drections are ta write on the dogted Jines the twe aum-
bera which shogld come next 1o the senes There are twenty
teroa :n the test, and three minutes are allowed

‘Test (7], Analogias, wan gelecred pa anochar test of abilivy
10 “reason put™ or “sec” relations, of a verbal sort. To dius-
trate wath iteroe 17 aod 36,

17. hop-animal  © mose—smell Teaf plant thorn 17
] 1

3% P
friande EIVE ..in s . 36

The problem is 1o find the velaton becween the second and
firat words, and then underlne ehat one of the fonr alter-
natives that 1 related in the tame way to the thied word
There are forty itemd, and o time allowance of three pusuter
in given,

General Informanen, Test (B}, was ioduded i arder to
give an ettmate of tl\e extent o which the mduﬂdual har
picked yp common ion {rom e Thiy
et hes been moch cnbzed oo the ground that n drawrs
upon expensnce and knowledge rather thae upen intellectual
ability. It proved, ncverticless, to be & furly adequate in-
telligence test. IF we are justified v astumiog roughly the
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IAme cO¥ironment, . keems teasonable o wuppese that theae
who are mentally alert will garner more informauen from
their surreundiogs than theae who ace stupid and dull. Itema
31 and 37 woll eerve a0 dustranend.

2. The dictaphone s 2 kind of typweriter multi-
phonograph  sdding machioe I
37 Hlm‘ 15 the name ol' 5 drm color flbnc

i

lostructons are to underhine that ase of the four posnble
auswers which maket the bast or “rruest” sentence. There
ace forty stema o all, and four mumates are allowsd.

o

Tha total seore oo tha Aresy Alpha Examination ic ob-
tained by adding together the sepamate scores oo the cight
sub-teats. The maxmum store powsible 1 212 peants When
a saldiec’s coral soore had been found, the nexx sep was 1w
translate the wumencal rating 1ote & letter grade by means
of Tahle L

Taarx II
Lxrrer Coawoes on Taz Anuy Arrua Exasmvanon
Letter rating A B C3+C C- D Dn_d
[

Range of Alpha renrey E

eoretpending. 213 134 104 T 4 - I

45 105 75 45 35 I3 o

Per cenr of white ol

diers recamng anch

leteer grade. * B 15 =5 24 1F 7

The Ietter grades coomesponding to the dferent soore-
ranges given in the able wers foond by drawing up & “du-
tnbution” or tabolaten of Alphe ccores mede by 2 large
and represeatatve group, Thie dutnbuten war then sub-
divaded Inne geven secuenms. hegh scoer (A, fairly high
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(B), avemge (C 4 and C), law {C—], and very low (D,
D — and E). Letrer dempnations, therelore, are to be taken
a8 measures of ralsfiee performance and are oot o be con-
fused weth abroluie meaaurce (those taken from a troe zero),
such an heght and weight, Any score from z12-134 §8 gven
an A rating, any score from 134-105 2 B ratng, and sa on.
About 4 per cent of the white soldiers were awsigned A rat-
iogs, and about 13 per cemt A and B ratioge, whie nearly
two thirde [fi per cent) fell mte the C4, C, nod s
groups, ‘The average score made by the white enleted men
wa 59 Alpha poots, which corresponda to a lerter ruting of
C The white officers made oa the average 2 score of 139
peonts, easly all of them searing A or B

Shm’dy after the war, certun popular writers roysed in-

and much f br the lified

that the wental age of the average Ammcnn wldicr was
sbout 14 yearn The firse reaction of the individual upag-
quainted mth tests and test techoology, upon leammg that
the mental age of the average soldier was abwout equal to that
of & fiest-year ligh schoal bay, wan vaually one of doube,
deneon, o eriosement, s spoofic atoiede depending
latgely, perhaps, upen hu ape, educavion, experiesce, and
sophbication Among many uncntesl people, however, the
prevaling attitude wes—and stll in to some degree—one of
uneariness and even dismay at what m:ghl well be regarded
an the pmclmma autlock of the nation in view of the mental
immararity of a ]arge share of s ctizency.

Thus | ly, i enorely 1; it
grew oot of an almaat complete mpunderstanding by the
writers mentoned of what the army tests ere and what they
seally do This may be readily seen if we ook carefully e
the method wherchy the average mental age of 14 years
war obuained Firt, the correlation ar correspondence bo-
tween the Alpha scorey and the mental ages-—as detcrmmed
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by the Stenford-Binct catmimateon " —of a large group of
men was calcplaved, It was then dicovered that the Alphe
wcore made by the average white soldier (C in letrer grades)
corfesponded 1o a mentil age of about 14 yeam oo the
Stanford-Bunet scale. The of Alpha perf:
in terme of meotal age, then, mmply meaos that the aver-
age saldier did about as well on the et ae the average
foul‘!eendyalr-cld achool-child. C:n:.nm]y there peed be poth-
nOT £¥ET £4p g, about this

ﬁndmg Reference 1o Figure 2, N’ 1g, wiil show that the
rige 1n the growrh curve for permal itcligence from 14 te
16 yeamm 1= extremely alight This meens that the average
white scldier was bur httle below the level (16 year)
vet by Termun in the Swnford Reviwon as the point at
which ntelbgence reaches its mwaturity There are several
faces which will account even for chuy defiziency In the firag
place, many prychologeta are now convineed that Terman's
6-year [evel 15 too hogh, and thet sormal intelligence
matures what earlier, wery probably ae 14 years, Alo
it must be remembered that the schooling of many of the
dralted men wan years removed, which pot them at 2 di-

d when d with school-chiidren on 4 paper
and ptnc:l test Agmn, i well known that apecislized
tromng wnd the mutine of adult cecupatian often play bavoc
with whatever skill @ man may have bad at one time in
reading and figuriog rapudly

1t should be added further, by way of defense of the sod-
dier, thay the Alphs test gave o rveatuce of manval abilig
wor of skill 1 performing mechameal tasks, of ablity to ex-
ercime good judgment sad retramt in business relations; of
ability to control one's temper, or to get alogg on lm::lb]e
termoe with one's bk , menta] al and
tha abulity to sclwe peobl l _,' and b

"5co Chup 1. pp 1517
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with easc and desputch, 1e, to deal wmith “ideas,” wre ad-
muttadly important; and these capactes wre cleardy meer-
ured by the Alpha test But aloll 1o abatraer thiolong and in
deahing wnh wdeas does oot exhaust the gamut of hu-
man achievemeng by any meant; and ug all in all, we noed
not be greatly pertorbed that the average soldier had 2 men-
1al age of ooly 24 yearw on the Stanfocd-Binet soale.

W

Since all of the men inducved inco the army were required
to give ther former owvil occupations, smpartant dera re-
garding the 1l of different
Broups may be gl:.nngd. from the army recorde. ln the groups
scoring A 2od B oa the tests, we find the professcons, Tor
the mout parg, the conl enginesrs, mechanical engineers, phy-
micinny, lawyem, teachers, and business exccubives. In the
C <+ groop were men whﬂ desenbed t.h:mac[m w aril ife
as clerks, p and
morkers at sklled trades In tha C graop were c.nlpen(m,
policemen, tailors, butchers, printers, larmers, and wmall
storckespers, Btore clerks, cooks, fabhermen, firemen, har-
bers, and day labarers made op the lowest groups {C— and
L}y Common cbaervation and capencnce, a6 well sa soch
other studies 23 have heen made of the subject, all emphasize
the wmde dufferences in mental level ameng oocupaticnal
groupt. The army tests confirmed these findiage We mun
pot farget, however, chat carly enviconment, lack of formal
education, opportunsty, and temperament, as well a5 many
other less tsngble infucnces play bighly (mpottant iles in
determining one’s voxation Such factors should always be
comnidered before judging a man's probable incelligence from
B gecupation. Bur thin doss not discount, of course, the im-
portance of the relabon disclessd by the srmy teits between
octupatwon and intclligence
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We bave previowly cotmmented upon the fact that offcers
far the mest part made much hagher Alpha scorss than eo-
Leted men. This reeult wae to be expected, me wan alsc the
further finding that officers in thowe branches of the pervice
which require techosca! traimng or special preparation rank
highest i general :mielligence Officers i the Engineeriog
and Artiltery Corpa, lor example, ranked Bigher than officers
in the MachineGun snd Field Sigmal Battalions; while
thewe, 1o turm, toade beter scores than the officers n the
Quanermaster Corps and the Infantry, One racher surpnang
rault was the relatively low average rating of the officens
of the Meadical Corpe Wode differencer in age 2od truomg,
an well an the methods of military selechion, mre ap doubt
reaponsible 1o 2 large extent for thi poor showng. It ik a
well-known facr thar the Medical Corpa contuned some of
the ablegt and at the same time some of the weakest wen
1 the profesion For this reason mn “everage wielhgence
ecore”™ 18 bardly representative of mther group.

(s

Owing to the mze of the groups and the lack of specal
aclection, the army fest data yield probahly the faireat and
most uobizeed companmeen of negro and white antelligence
which we possets. Megro soldiers scored Jower than whie oo
the Alphs test, the average soore of the white aoldier beng
59, that af the Northern negro 39, and that of the Scuthern
megro 12 Since Alpha was 2 rest demgned for literares, it
may be argued—end with much that the better edo-
cetional equipment of the whites, and not their superior ne-
tive ability, led ta ther better showng oa Alpha. To a cm-
snderable excent, thin w uodeniably true, bux it in bardly the
whole story. The educationel opportanities of the negro have
betn-—and std] are—poorer than those of the white, sspe-
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oally in the Scuth, and t.huz mequalities must :ur!ly 'be
reflected a0 any test 1 nod a

numbers, Yet when dhterata whitet wnd tegrost are comw-
pared for intelligence, the whiter are still ahead On the
Hewa (e, for example, which it will be recalled 15 @ oon-
language czamimauen, the average score of the uneducaced
white soldier wen 43 points, that of the uneducared northern
negro 31 poinee, and that of the uneducated Soothern negro
30 peants. The gap hers ¢ ool a great a¢ on the Alpha teat,
to be sure, bat &t 1a stell farly large; 8o that, whether Lterate
or silierate, the aegro w aull o the averapr somewhat below
the comparable white 1n general intelligence as mennured by
our tovts. OF coures the overlapping ol acores 1o the two
Eroups 1k large, and many negroes surpdes the average whire
moare Thea 18 eeperially trus where the selection of negroe
1% strogent, a3 ia the case of officer matenal For inetance,
about 4o per ceat of the negro officers made A or B raungs
on Afpha ae aganet Bo per cent of whoe officers, buz ooly
12 per cent of the white draft made A or B scores,

The Northern negro wai supenor o the Scothem both en
Alpha and Beta. Again 1t 1# mapeasible 10 tell just how much
of thts spenority comer from better educational equipment
and how much from beteer native alalty Probably it 1
uegally the more intelligent and more ambitous negro who
meved to 1 Norbern Stace whers betrer sducational and hee-
ter workiog conditions mey presumably be secured If the
Monhern negro 1w firse selected for wmielligence, his becer
schaoling would serve wmply to increase st further the
untellertual and cultural gap between bim and b
Hosman.

(6)
An imteresting comparcon of the intelligence ratings of
varigus mationalitics may be wecured from the scores made
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by iorsign-born men whe were drafted 1010 the Amencan
army. The mtelbgence scoren of thete nuucoe! groups were
pot m terme of & “combined scale”—a seale mede up of the
cight Alpha tests, the Stanford-Binet tests, and four teats
from Brota. The mammum scote on the “combined acale"
wan 25 paints The average scores of the men who wers born
i vamous fefegm coudtnes, together wath the aucber of
men in each groug, 18 grven m Table ITL

Taere 11T
Nomber Meon Intal-
Coustry of birth of ten  figesce Seore
England ... ... . .. . 411 T4BT
Scm.l.nnd e . . 146 1434
. . 140 14 33
G=nmm - . J08 1348
Denmark azy ]
Canade . P . o7z 1y
Sweden ... ... s LT 130
MNorway ... .. .. 611 1298
Belgum .. . PR 135 1Z79
Ircland ... . PP 658 1z 32
Awre Lo P - 132y
Tuckey . . . .. .. . 421 120z
Greece PR 572 g0
Rueaig e e 2,340 ETRTS
Imaly .. .0 con oo 0 o s 4009 ot
Pelaed .. . - . 382 1aYy

It i apparent Erom the table thet men born e nothem
Europman countries rank consatently higher, though the
differznces are shght, than men born i southem European
coueined, ‘Thess varations tn the average acores of the dil-
ferent natinoel groups bave led to acnmowmons discussong
and to some ol feslmg On the one hand are the supporters of
the theory of “Nordic supenonty” whe bold that the MNardica
(moady northern Eyropeans) constitute & group quite dis-
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tinct raciplly from the Alpioes (meatly middle Eurcpeant}
and the Mediterraneans (mostly southern Europeans).® The
Nordick, their champions ingst, are more inteliigent than
their neighbors, and they pant o the resulta of the intell-
gence teats ga expenmental evidence of thin fact.

Atgumg on the ather sude, the opponeats of the Nordw
claim explain the v2matons o wntelligence weat score as due
antirely ta differences 1o languege, customs, traiting, and edu-
catiooal background The kigh standing of the Englsh and
Smu:h they take az conerete eaidence of the mfuence of the

factor M while dusp g the actuality of
the threclold racal divikion mto Norde, Alpllm, and Medi-
verrancans, they hold that even of such claseficetion were
pastible, we stll have no idem how represcntative ol tach
counery (or each race} our small aamples are Thi last in
yndenuahbly true, 20 ia also the further facy that our vmmi-
graote are rarcly samplings from the aame sooal and jotel-
lectual etrata of the variout countfigs from which they come.
It would reem then that, all in all, the army tests hardly
prove the Nordie daim to auperiarty

Interesting evidence of the apparent dechine in intelhgence
of Ameneas immgraton over the last quarter<entuty may
be gleancd from the army test resubs For mstance, thoas
immigraats who had lived more than twenty yeark in
this coantry scorsd bigher oo the "combuined scale” than
those who had lived here from ten to twenty yeam These
latter indiwiduals, furthermere, seored highee than the very
recent amvals—those with lese than fve y24m” resideoce.
Either we must conclyde, apparently, that cur immigration
han become sreadily less and less intelhigent, or clon ke

"For u fuller dwomiem, s Beighum, C C, 4 Study of dmmcan
Futallgence {3533}, ph 119010 Compare tha refereoce wih Brwhac's
reoent matemens mowhach he rooedey from e earher povTon, we
wr News, 328, 13, 6760
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the wicw that foreign-bom men long cxposed o American
customs, lunguage, and wayn of life are enabled thereby to
make higher acores on & general meelligence tot than men
cqually intelhgent by and large, bot with shortar residence.
The weue 15 far [rom settled. At i well koown, oor eatlier
immigrants were drawn mawnly from porthern European
counccien, Germany, the Hotish Tales, and Scanduwavia,
and arc geoerally and populatly belheved to have been
an exceplionally surdy stock OF late, Amencan smmigra-
tron bax came largely from scuthern Europe, and here is
muck evidence that the influs ftom these ¢ountries has not
een from the moer demrable elements of the natve popula-
ticoe. Southern Evrapeane scored lower in geocral oo the
“ombnaed scale” then northern Europeans, and their scores
were lower on the non-language an well a2 on the language
parts of the teat We have pomted out sbove that these
drfferences are scarcely sgmificant, but at least they mre
hardly in favor of the tower groupa. It seemu probable, then,
that pur imurugraton hes ectuslly declioed somewhat in in
telligence, but the many unkoown factors at work, such ae
differences 1a abuity to understacd and wse the Englub lan-
Buage, more or loaf unlamibanty with Amencen social cus-
totas with repulting hewtauen and mudity, and inadequate
or different educanonal preparation, prevent any definite
cenclusion beng drawn from the army test tesults as they
sund

£

In Section (3] it was ponced out chat 1 sofder’s invell-
geooe 3o 15 evnidently related po hie ameunt of schooling.
The degree of this relationship 1» sull @ moot qoesteon cven
among peychologuts, Sama Iml.d r_'hlt 1mn'|||gcnce Tenty are
lirle more than af hi ; otherm,
that they measure, to a bigh degree, mative abﬂ.ltr The
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following table in which are given the median Alpha sores
made by officers end enlisted men who had completed, re-
specrively, none ta foyr achool grades, five 1o mght school
grades, high achedl, and college may serve to throw some hight
oo thi quesuon.

Tarzz 1V
Median Aipha seores for
Eroce amornds of rducaton
aiog  stad  High
Grou grader  grades  school Coltege
White acldiers
[native-horn) 270 E1I qz.3 Ty
Whte soldier
{{oteign-bormn} 21 2 3 1
N .nlgnbd.lm 4+ 7 Ti4 e1g
lﬁ;ﬂmhem) . IFD 7z Fi%] gog
Negre acldiers
(gxﬂ.ham} y2 163 Fi] [ F:
White officers. ... . ... 112§ To7.0 1310 4.2

Striking evidence of the unportance of education to sec-
cess 1 the Alpha tedt is ween o the face that the medun
scoren of all groups (wath & sngle exeeption) increase regu-
larly with imereases  schooling 1o fact, the genersl rule
would seem to be the maore the schoolng, the better the
intelhgence score. This might seem 1o disposs of Alpba as o
measure of anything bot achool tranwg did we not bave
equally striking cvnidence of the influence of mental alertness
on Alpha pcare The offieers, for instance, score consisrently

rgher than the native-born wiute seldiers For cech grade of
educauon, while the lager group, in turn, regularly exceeds
the other thres groups At each educetions] level the order
of Alpha score ju. officers, navve-bom wiutes, foregn-bem
white, Northern negroes, snd Southetn acgrocs, These rmg-
ulat and consiseent gapr in Alpha performance, for a com
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stont amount of schoofing, bear fi i ta the
paﬁ played by nltl\'t abd.ny
i to test apeaihi thin matter of

the mfuence of u:hmlms on Alpha may be u\e-i 18 thal oa-
necuon, The median Alphs soore made by the group of
Ho0-0dd officers {see Table IV) all of wlmm had completed
cight grades or less of rchool was compared with the median
Alpha wore of the 14,000 white soldiers, all of whom bad
gane beyoud the eighth grade The officers’ score was 1oy,
that of the eolated men 97—a difference of t¢n powmnm o
faver of the f2r; educared officer grovp Thon recult has afren
been takien a8 a cooclusrve demonatration chat nebve abilty
and not educaton i the “cruciel” factor i determining an
Alpba wcore While thoe 18 probably true, note, neverthalos,
that when the officers who had completad five to eight gradea
are compared with white woldiers of the rame edvcatonal
status [age Table 1V), the dillerence 13 fifty-aux pany sm
{avor of the officer group' Fresumably, then, lack of educn-
ten reduced the supenenty of the fimt officer group from
56 DIt B0 1O poIDER.

Such comparaons as these lead mewieably to but coe
condueson, namely, that the more able men made the lughest
Alpha scores and alwo, generally, had the meat schooling.
‘Thia 1a doubeless the result to be expected when we remember
that cducation i in itecll o hghly sclective process; that
the stuped and umimteligent child emply does not get
through wehogl except rarely, and then, peebaps, nat by rea-
son of hiz cen alhiy. Of every 1000 chuldren ™ who start
out in the filth grade, only 600, on the average, will complete
the sighth grade; only about 140 will complete bigh achocl,
1od not more than twenty will go through college. No doubt
there are many reasond, scooomic and otherwiee, for chiy

" amphlet by Phillps, Frack b, o Graphsr Fuw of Our Schools
LTl b o4
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dimination; but inty the most peereeful is the

1nbility to do the work of the school satelactonty, with re-
sulting discouragement and loes of imterese.

The discovery that the more extentive the education the
higher the Alpha seore 15 not, therafore, proof postrve thag
A]plll 13 u measure of school wfarmation and eet & test of
i Jodividugls who have completsd high schogl and
college are by wmrtue of that acromplahment alane hghly
salected an to imtelfect, and benoe should be expected to
score high on any vald mesance nf mtd.'lxgem:! Again, wa
must et that the ed is made by the
Alpha et are not cacesmve Graoted a commuon-school
edueation and ardwary sequaratance with current Amencan
|ife—which was true of the majorny of the men whe teok
the Alpha tesy 1o the army—a man's score muit inevitably
he prncepally @ messure of i genenal intelbgence, of his
ability o learn and o profie by ezpenence. Mo intelligrace
test can cver hope to messure “raw bros-powen” aod it
would be of little value of 1t could, for anrellecy, by aoy rea-
sonable defini can be d only as it exp el
1 the activities and tasks of everydey bfe. For men of
meager sducation-—owing m oo Tault of their mrn—aa well aa
for those who through ar
have beea deprived of 2 normal enviooment, the Alpha ot
it admoaecedly an unfair messure of abnirey. This mmply means
that wo Alpha score muat always be mrerpreted wich due re-
gard for ebvious bandwaps and Emrtatioas.

8

Inenediaredy after (and dunng) the war, the army Alphe
teat was prven to hoodreds of studenw in our colleges and
universitisn. A comparison of the scores made by collegs
atudents with thoee made by scldiers will prove interesting
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in view of the disrusacn in Section (7). The median Alpha
acores mede by coflege freshmen from many metitunons fall
berween 130 and 140, which compares favorably wath the
median Alpha scare of 13g made by the white officers, but 1+
emormously fogher than the 59 made by the average white
woldier Within the departments of & unrveniity, rather dis
tnetive variations in Alpba score apprar. Io one large univer-
nty, for instence, the poet-graduate studene scored highest
{median 154}, followed closely by the uodergradusts miu-
dents o urts {1£5), cognecnng {144), and bubnes {143}
Somewhat [ower in the acale were the students 1 educatian,
agriculture, pharmacy, and dentisery. The differences m score
bnre muat be almost entirely the result of difercoces 1o ma-
tve Ih".l:t)‘. a5 the mugamum tdwalmg necemsary for Alpha
is iy consant tk
If n candidate for college bas an Alpha score below 100
poats (120 for the berer collegesd, he will have an ex-
tremay hard wme of 1t i college. Someomes, of course, 2
student who seores oot much over 100 poats foay “get by
in collage, while another wha acores bugh may be dropped
berause of poor echolarslup But these upacts do oot ccour
pften, and, when they do, <an generally be explamed o the
resule of great perustence, dotermumnatiorn, and hard work on
the part of these students who are avernge or belowr averege
in meedlect, wod by dutracuons, suttde mterests, lanoess,
or charactar defecos in those able atudents who are shnue
wated. It in true, of oune, that success 1 college does ot
depend whally upon general mtelbgence; but we may be
sure that mcellectual abilicy o by far the most salloencal
factor. The marked mrrrJ.luan {.50—. 55) herween lchul-
arship and the more disc and bett
group mntelligence exsmunatons, such as the Thomdike In-
tdllgem:e Exammanm for High Schenl Gradoates and the
aerye to 4
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expenmentally the cose relaion bstween general antelli-
gence and schodl achievement.

The army teats were the starting-point for 3 hest of group
testes demgoed to meabure general mitellectual [evel Many
of (hese are now beng widely wied in our schocls and col-
legen, chiclly a8 & means of selecting the more promusng ma-
tenal, or for the purpose of clasmiyng studenes into mediom,
slow, and aceelerated groups in ascordance wath ther ability,
Morz and more, too, meelligence (ssts are being mtrodoced
e business for the purpese of diagnoas and seletting.
Many workers throughout the country are devoting their
encrgies to the problewn of anereating the valdity and the
accuracy of exsung exammnations and w rhe constroction of
new imstruments Every indication w that mtelhgence testiog
han come to stay I due care s exercsed 10 che anterpreta-
tien of results and due regard 16 taken of cmotignal and tem-
peramental (vononeellectual} factors, we mey be certam
that the farare of the movement 1 2 bright one

Suggested Read:ngs

1 An ing and fairdy acooont of the
army teats may be found n R M Yerkes atd C 5.
Yoakum's frmy Mertal Ferer {ig2e).

. For 2 further discussion of the relation between intel-
ligence vear scoren and achool achievement, and for the

uutlona] uses of mielligence tests, lee F. N. Free-
man's Meutal Tests flg:ﬁ% C]Il}m:r XV
The value and uses | of mental u:su :n business are de-
scribed in A W A Euingsbury's
Prychofegeal Tem E Bmm (1924)

w
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EBBINGHAUS'S STUDIES IN MEMORY AND
FORGETTING

'HE importance to cxperimentsl paychelogy of the ex-
of Hermann Ebbingh on memory lics i
the introasic value of the work waelf ag welf as 1o the impetus
and mapeation which it gave o literally seores of later
Invesngations. Ebbingheus was bom in 1850 near Bonn, Ger-
many. He attended several German universitics, bot retormed
1o take his doctoc’s degree i phuloacphy at the Unavermity
of Bonn ar the age of twenrythrea For sight years {1886«
18543, Ebbingh wras n prol at the University of Her-
lin, from which post he went to the Univervity of Breslau.
He died 10 1505 while 1 the mudst of prepanng & third edi-
tiom of bis book Principles of Prychelogy.

1o his sxperimental work on memory, Ebbinghauz was
much mfluenced by Fechoer,’ from whom, appareatly he
got the idea of meatal measurement. The revults of bis mem-
ory cxperiments were publizshed i 1885 alter several yoams
of intermpted work They mark the finee real srtompt
apply preciee mmﬁ: method 1o the atudy of the “higher

mental

* Such ph ad been ded s
too *subjective,” too Beeting, cven too pcrwnl] perhnpa, for
exnct and i It is El "8 comtr-
bution to he llw-m mc]wve]y that memory products arc

Bl a8 poy other

a w

aurursl Laces with which u:imne dealy.

"Fue Pechoets work o e svmwumment of semsation, we Chap 1
»
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Ebbinghaurs Smudies in Memory [

Ebbinghaus devised several valuable methods for mess-
uring memary which ean be employed with different kinda
of m.lt.cnl\ ln ldd.lunn, hc introduced 2 pew kind of mem-
ory syllabdes—which poa-
segE among der admugg:s r_'hn Tery rsal Dn: ui beng rel-
auvely free [rom -
labtar a9 uisd by Ebhu:ghaus ware meaningless combunations

three letters, each combnaation commating of two coaso-
nanrs yeparsced by a vowel or diphthong, Examples are
bap, oz, muk, and rif. Nonsense aylfables of four letters,
£ By wuft, rdf, salx, are often conetructed 2lso, and ate per-
haps more widely mied in memory experiments at the presant
tune than thoae of throt letters.

To illustrate the very real advantage of unng oonscosc
uyllables 10 memory expenmenta, let ua suppose that one sete
out to meskure the memory ability of 2 small group of edu-
cated adults, uing a3 matenal Lincole’s “Certyaburg Ad-
dress,” or Foc's “Reven.” Dhifercnces 1o memery abelicy will
guekly appear, & considerable part of which may be et
mbuted forthwth to the varyng degrees of acquatntamce
with the material possessed by the subjects. In fact, probably
a much wdvduel varisuen will result from differences m
famnliariey as from differences 1o pauve ability to leara, One
man ray be favored pecause he w already shghbtly famdac
with the selecuon, or boeause he a of Iarary bent and hence
accustomed to soch memory tasks. Another mee may be sz
5 decded doadvantage becausc be & 2 mechanica! enginesr
in whese everyday activitics hirerary selections and poetos are
reldom encoontered This nnequal initial state of acquain-
tenceship and familianty wall slways be present for such
material when subjects differ greathy i age, education, col-
toral buckground, or training; and it exoce, but to 3 same-
what lesser axtent, even among children.

It was te overcome these handicaps, and as far ar poasible
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1o equabize the backgrounds of different subjerts 5o thet each
il start mth & clean “memory slate,” that Ebbinghaus n-
veoted hia Uablea. An equally imp advan-
tige of naneense syllables m that the same wdndual o
bz tested under differcot condiuons and a1 dhffercor times
with maceral suficicotly equal in memory value and homo-
ge0eoud W combent io )ﬂch:l coacly comparable results. All
told, Ebbmogh d gbaut 2,500 ryllables
which he employed n the experiments to be descrbed.

{z)

ATl of Ebbinghaui’s esperiments were cacned out wpon
himzelf 28 subject and were performed 1o en extremely care-
ful and highly comtrolled manoer 1o each group of experi-
wicntd, Ebbiaghsus propoeed a general problem which he
attempred to answer by meens of tpeaific expenments.
These problens may be convemendy grouped under che Inl-
jowing five beads:

1. What is the relation betwesn the smoont of material
to be memorzed god the teue and effort required tw lezrm
w! Speafically, what sffacr does the fearth of 2 senes of non-
wenne wyllables have upon the rapsdicy with which it can be
memerized!

2. What iu the relapon hetwrmen amount ar degres of leam-
1ng and retenton? What cffect docs the samber of repeivzens
of a given series bave upon it retentron?

3. How . forgesting rolated to the tme-intervai beiween
lemrmung and recall” Whae effect doss the pathing of tme
have upon ane’s memory for comparable renes of nonicoee
syllables?

4 Whae effect do repeatrd leorming and frequent review
have upon one's abulity o revarn what be wtodie}

5. What sort of connechons are formed in learning: de
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they ron forwerd scnelly from ona term to the nest following
only, or do chey skip teruns 1 tlw forward direcuon, and
aven 1o the t ion? What 15 1he rel-
ative streogth of these different assocetions, sssuoudg them
10 be 1o formed?

These quesuons may appear at fist glaoce to be procty
closely reatncted to nooscnac-syllable [caming, sod hence 1o
be of rnor vilue i clearng wp the vexed quesnons of
learning and forgetring se comman in everyday Lfe Closer
mspection of Ebbingheos’s wark, however, mll show thot s
beamxg upen the mors eomplee pmhlgm: of memary = con-

[z, and chat Ebbingh d such prohl
in the only really sceentific wey pmﬂble, mmdy, throvgh
1he uee of & ngorously contralled method and of sandard
material which avarded 10 2 hieh degree the compheations
of uoequel imtial memory velue

(1)

Let ua consder the five probleme hsted abows in onder.

I, Fhat i the relation between the amount of material to
be memarised and the time and affort required to learw it*

Common capencace iollé ua thet the loger 2 pocm or &
prose memory lesson, the harder st 13 1o learn up w the potne
where 1t can be repeated “by heart” Will the laaming of
Ten verset of & postn require twice as long, three tmes as
long, or six tumen a3 long as the learning of five verses? Prob-
sbly no one wonld csre to commit himeelf to 3 definite
arithmetical answer to such & question as this, thoogh
doubtless every one would be perfectly ceraia that it would
take conmderably longer Ebbinghaus attacked thie problem
in the followng way. First, he recorded the wroe and the
aumber of repeonons necepnary for hum to learn diferenc
liven of neven, ten, welve, aixtecn, twenty-four, and thiny-sic
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wooscnze syllables each, up to the point of oze errorlems

dugrign.® He then caleulated the averags vime put om
=|u:h yllable it the differeat imta to give 0 COMPATALIVE TatAs~
ure of effort, Ebbinghans's reeults may be atated in tabuolar
{ortn e follows:

Tanre ¥
Number Time Average Hime
Langeh of bty a,f readings  for bty per rytlable
7 T 3 mecs 4 Becy
w© 13 5 2
[£Y 17 Bz g ]
[ ] 3e 196 1z
Y Fr 433 178
3 55 e 210

From this table it m dear that the rime as well ay the
number of repetriuons necessary lor leaming increases much
funter than the leogth of the live to be leamed, and that
neither of thete measures o{ memory ability increases in
simple arithmeric or g ‘There, in 1=
wtively apealnng, an Fmemmons ;\lmp in the number of read-
ings needed ar we go from seven to ten syllables; bot after
thin the tnerease ik roughly conatant and ax che rate of about
15a per cent from each syllable het to the vext followiog, If
we d i the again paratively large increaie io time
of learning from the seven-word to the ten-word Lst, the
time icrement miso 15 roughly conateet and at the rate of
about 200 per cent It i ipcerepring 1o compare the sfon
involved in learning twebve, twenty-four, snd thirty-six ayl-
lablen, a3 these lists arc in the ratio 1:3:7. Taking the
“average time per ayllable” for a list of twelve, ie., G0 sec-
otidi per ayllable, er cur datum or meference posnt, the Lint
of twenty-four syllables requites two and ooe-ball Bmen,

“Tha metbod o calked the “leerung method *
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wnd that of thicty-tix, three snd owo-tenths vmes aa much
tima expenditure per gyllable as the lut of owelve, The ab-
solute mmereane is shout 31 scconds per syllable, on the aver-
age, From twebve to twenty-four eyllables and gheut § zeconds
per ayllable from twenty-four to thuty-sis; beace it
dearly barder w go (rom twdve to twenty-four sylisbles
than from twenty-four to thirty-siz

As the memoty task inereeses in length, net coly de we
get an inereane in the pumber of readige and the tile -
quired—whiwch is to be experted—buc o marked increae
m the fme per sylfable a3 well, This suggests that the
greater the oymber of agspoations required, the greater w
the effort wriuch myst be expended on each association, and
that learmog a long lut is net, cherefore, almply a matter
of adding on mare syllablee to e short st A partial expla-
oation of thue finding woold seem to Lie 1 the ased of bolong
wopether parts or sectwns of the looger hsts Into & soherent
whole as well as of gang twperher the separare syllables
or clemnents. It in tghly probable, wo, that m the longer
hete the laver-formed resocanons serve to confure and tw
be confused by those whuch come sarlier, snd as & result
all require better fization, 1¢, more leaming. This inter-
ference of ooc set of essopations with another set is called
retrogetrye izhebitior when it extends in the backward &-
rection, and proactive whibuion when it extends in the for-
wanl directon Both kinds of confuswon heve boen maoch
studied by psychalogiste.* The moral for the practical leamer
Les in rocognming the fact that in learmog 2 lomg lesson
oot only must be expend more vme snd effort han in
learning a short leason, bur more time and effort per element
o detail an well

"8, @ thu coonection, Robicwa, E 8, Sens Fatos Deimmieng
e Degrer of B Iniitriron, {sgR).
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By way of contrast with these remilts from nemeenss ma-
tenal, it interssting o mmplle some resule got by Eh-
bizgh with fol . In meven tm.
cach weat comprsing mx ntanm from Bymmn Do Jusa,™
Ebbuinghaus found that be tequiced on the average sbout
cight repstiuones to raxch his standard of one arcaress
recitatron Egch stanze contmped about cighty syllables On
the basie of the resuls given in Tahie ¥V above, Ebbing-
haur etmaced that he would probabiy have tequired about
seveney to sghey repeotionc to learn aighty nonsense awl-
fables up te hus standard of one crearles rocuation A eom-
panscn of these fgures for meanmgful and meamingless
maierial e, then, & raue of 16 1 o favor of the

and {i bes, 1n Ebbinghanss words, “an ap-

1 for the extraordigary ad-

mlm which the nun:lblm:d tics of meaming, thythm, nme,

and a common language gwve to the matengl o be mem-
orized

An objection may be raised (o Ebbinghau's eandard of
learning, namely, the time and the number of reprboms
tecensary to reach the fire errorless reproduction. Impetu-
ous subjects, it may be said, will atteropt to reproducs a
Tt before it hae hean vn.'l! leamd and hence run the ruk

of b d; whic caubcus
indiwidoals woll erudy longer than iv neceasary, and hence
tead to “overlearn.” This “etror of varuble standard™ can
be lled 1o & practical way by g the subject to
attempt ' fmirly Ir bt not eoo catly
his learning, thur makwg sure that the firn errorieny repro-
duoctiom is really the first reproduction of which he s cap-
uble. With teatned subjects ittle difficuliy armses on this we-
count. Probably no cone sincs Ebtunghaus has been better
reained or more <ateful than he, hence hiv resalts arve highly
relizble, slthough bazed upon dats from ooly coe perscn.
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(4}

2. What is Har relation Betwecen the cmount or degree of
fearmug, aud retentrga?

The reader will readily understand that the resalts qooted
in the last section are Lmited 1o scope, since 1p every case
Ebbinghaus learoed tus Ists up to the poot of oat cormreet
reproduchon oaly. Ordinanly, of course, we memorize to &
considesably grearer degres than this, and in geneeal the
slower the learner, the more often and the more painstak-
ingly doea he go ever hin ik, What 1 the mBucnee of ths
overlcermmg * upon retentwn? Ebbingbaus undertock to
anawer this g in the foll i : He read
aver the lats of siztoen syllables in cnnly tho same way
amd at the game rate, except chat the sunber of readinge
varied from eight to maty-four. This means, of course, that
some of the luty were overlcarned to a very high degree.
Tweaty-four hours later he studied these same lists wonl
he could just tesie them ooz He then figured the per
centage 3aved in relearning each list—ie, he found how
meny tepetitions fers were requined ta releam than to leam
twepry-four houra before, and whae per cent this saving was
of the ongmal leaming time Tha method of studymg
memaory wan devieed by Ebbinghaus and 1 koown wr the
“tavivg method.” Folloming are some of b resuks based
oo yeveral lista:

Tamz VI

Number of reaxdings

oo the fitst day ... B 16 24 2 42 53 G4
Fer canr saved in re-

learming the hate ag

bhoges later . ... 8 IF 23 33 45 5§ &4

" Aroehng w Ebbughuu's tanderds, any bestumg over amd abave
that pemuy 1o stoure ooe oot fepeodusten would be conidered
verlearmng,
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Evidently sach original tepet.ition brought about & sav-
ing of dlmest exacdy 7 per cent m nu rdnmms PeCERIATY
on the igllowing day. The of theae
raults nuggest  that 100 readings ont the firat day sheuld
logwally make it posable wo reproduce o lut on the oeat day
without any sdditional Jearning—the zaving would be 100
per cent! But Ebbuoghaus found that it was impassible for
brm to reed through a lst (o0 trones without ssnocs lapscs
of farigue, and d “Thie indi that the
regular vaving of 1 per cent for each previcus day's reading
] cventaally break down as the learmer's “physiological
Timit™ is reached; and that beyond this point {utther repe-
ttiens will be of little or no valve

The clear implicauon of this cxperiment ie that degres
of retention depends directly upon the amount of work donn
[overlearning), a8 well as upon the amount to be leamed.
1o memoniziog ooogense ayllables, at easc, the scrength of
the conneciions formed, the saving in relearning, is, op to
1 certain powt, reughly proportional to the amonnt of atudy
put e thers Thie fact throws hght wpon the widely held
view Gt the slow learner retums beter than the fant
Tezrner, Perbaps the truth of the matter i thar the dow
learner does more overlearning than the quick learner, and
hence saves more in relearning. In thi connection the fol-
Jowng dats from Radosavljevich' wre of interzar. This
eapenmamter compared childeen wath adults 0 the Jearmng
of twelve syllable s and the rel ng of the
narne ligta witer (wenty-four hoors. Hin zesulta were as
tallown-

* A luter wwehpstes (poy}, who mpeated mmch of Ehbbinghaes work
bty e wobperts Sex Ladd wod Woodwooth, Elemestr of Phpralopoal
ﬁyrlnl\!w{laﬂ}.ﬂ 576, b 2 owwe enetova account of he open-
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Trax VII
No readingr
Ko, md::‘

reahegsin releare 2g Percemt

fertlegrmag  hourslater  of samng
Adults ..., . 20 ] bl
Childeen ...... . 43 7 83

The children took twice as many readings to learn the lists
origizally, bot they saved a conuderably lavger per cent 1o
relearning than the aduby, Very probably this 5 what
happens i che cae of che dlow hut more lurner and ac-
countz far he app over the
rapid leavner. For when the amount oF d:sree of learaing
w kspt conttant, the quick Tearner retaioe bemer than the
tlow learcer (Luk, pages 63-72)

Qf the many studies of degree of learning and retention
which heve followed thoee of Ebbinghaus, probably the
mast thorough fa thet of Luk {1922). Thie czpenimenter had
ten tubjectt toemofrze lists of teelve oooscnsc syllabler o
four deprees or sges of completsness: 100 per cent, 150
per ceot, &7 per cent, and 33 per cant. In 100 per cant leam-
ing cach subjecy memorized hin lism up to the point of one
erroriess recitation; in 150 per ceat lenrmung be wan ellowed
44 fany répetitond e in 100 per cent learming plud w bogos
ol half an meoy again; in 67 per cent learnzog he was given
two-thirds as many reperitions av i 100 per cent learning;
and in 33 per cent learming, coe-third as many. Retention
wid tested by three methods: wntten reproducton, recog-
mition, and reconstruction {for description, see later page
66). Lub's results showmng the emoonts retamed siter
three time-intervaly are given in Table ¥IIL
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Tanwx Vi1
Amount retaimed

Mermary matkad after three trmeanerughs
Whniten r!produmon Sfhowrs  rday  sdayr
1507 leamu:g Batz jgﬁ; 1

100 s By 4 40

B 43 a3

43 26 4
bk gg & ;g b

7 B & g

Feeconst ruction

150% leacning PH L M

1005 75 90 “

675 5 57 1

1% 4 z6 a0

On the whole theee resules support Ebbinphans iz s far
28 they indicate that incresemg the repeutions (op to &
certin poant} lerds to better retention The “demenishiog
reterad” from guedeacning, commented upon by Ebbang-
baus, are quite clearly shown sn Lub’s records, mnce after
incervals of ocoe dey snd two daye Becter resolia are ob-
tained from oo per cent than from 159 per coor leaarning,
However, the loa from overleerming sppears moch sooner
an Lab’s than in Ebbinghaos's results. From Table ¥ we
fnd that it taik Ebbonghage therty repebtions to e we-
een nonsenes tpllables up to the standard of one correct
recitation If wre malkee thumy-t by Ebbangt
{aee ‘Table ¥1) as roughly equivalent e Luh's 106 per
cent learmng, it woold sesm thar Ebbinghaue everlearnsd
his metenal up i goo por cent fmxty four upmunm]
without any dwminisk Teturm s

Fables VI and VIII are oot arictly comparsble, an L\lh
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wed different methods of presentiog b matenel (see page
66) and of mepsunng memary retention; alee s liwte were
shorter than those of Eblinghans, vz, twelve v suxicen
wyllables, Aguim, Table VIII w baved upon the average
returns of ten perons, whie Table ¥WI gwves Ebbinghaus’s
resulte alone, Doublles much of the apparent diacrepancy
between the two tables may be faurly acobured o differ-
ences 3 method; but, oo the whele, Luh's reenlts appear
o be the more reluble Summanzng our reanlts from these
czpeaments, it appears certen that overearmng up to &
ceram peng (which mue be determuned expemmeataliy)
definitely wercases retention.

(5}

3. How ir forgetting refoted to the timeamiarval brinecn
trarnug ond recalt? What sfleet dues the parpng of trme
have #pon ohe's wemory for comparable senar of wonserse

ryliables?

Mo doubt most of us have had the experiznes of finding
that 2 poem memorzed long age, although it cacao be
meted pow, can be elearmed 10 8 much shorter bme than
v aked to memonize & new poer of the same length znd
the same approzimare dificulty Fortunately, too, the
quicker relearmng bolds for most of the facts [carmed w
school for which rewsption appeary 1o be almont zero. In-
deed, the abulity to “get back™ matenal once learned buc
opow forgotten seeme oftentimes to be the ooly ceal jutu-
firation for hawving learned itat afl 1t m comman experence,
too, that the more recently we bave studed a topwc the
fresher it tends to bz Just how 15 tha forgetting related
to the pmmg of time! Do tmemories dim gradually 2od

or e h a large amount lost

] H F
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quickly, soma facts with poesibly s vagne cutline remain-
ing for a looger time! Ebbingbaus attacked this particular
pml:lem ie what fa probably h:u most importent, And is
¥ hin heat-known, Eight lima of thirtean
num:nle ayMlables cach were leatvoed up to the pomnt of
koo errorless recitations. Then, after a lapac of twenty
minntes, the lists were again taken up and studied as be-
fore untl cach Dst could be reated twice wethour error
The actual ume saved in relearung wan then expressed as
a per cemt of the orignal learmng time. {Thi is called
the saving method ) To illestrate how this wes done, i
1ok Ebtunghaut on the average about eighteen minutes
{1,080 seconds) to learn twelve Nios of thimeen nomsense
syllables each up to his oew stendard of twg correc
reproductions  Alter a lapse of twenty minutes it requized
only about cight puoutes (498 seconds} for hum to relearn
the same hats. This means that there was a eaving of
abeout 16/18, of 56 per teoy” of the bme which Ebbonghuaus
requiced to learn the lwte ongmally, Thu figore (56 per
cent) mezsures the rerention, or the amount which “stuck”
over a period of twenty minates, and sbowa that the for-
gctiog dufing thm bme wes Io0—3gfh, or 44 peor cent,
Onber it of thireeen syllables each were Jearned by Eb-
binghaus in the same manner and releamed agun afrer
penods of one hour, moe hours, one daoy, two duys, s
days, and thivty-one daye wm duraves. The per ¢zat of
saving in each cabe was calculated as gbove illustrated
Many Ynts weee learned and then celearncd afeer the mter-
vals stated, Ebbmghaun being careful s to degecthure b
capenments 24 to prevent aoy oot perod from beng unduly
favored by practice. Table 1X summarizes bat prncipal
renules.
" Tho pertetitagn win ditermosd mote ecturatdy o be 18 par am by
Ekbmghos wiwen sl of bu detg werg coosdemd.
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Tarwe IX
bes hv.la:usl’ »
wern tearmang  Prreeatage of work Lors due to
and rsisqrmmg  raved (roleniton)  fargetting

20 minuLes 11 F.)
1 hour &
o houra ;2 é
24 hours
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The perrenta !nrmn-uhdoﬂ'mrhmmllmq.lbtm
lapyed amce Iumlw nlomg rhe herepeisl uwelime

I we draw & graph of these resdlts, layiog of the tme
intervaly between learning end relesdmg along the base-
e and the per centn forgoreen on the vertical axis, we gec
Ebbinghaue’s Curve of Forgetting, shown in Figure 4. The
obveree af this curve, Figure 5, io whuh the per cenes re
tamned are plotted againut the Gmentervals batween learning
and redearning, i the Curve of Retention This retention
curve, which has been a clansic in peychology for all of forny
years, hoa the general character of an Inveres legencthmue re-
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Lotipnghip.” It indences that, after the large initial drop from
twenty minutes t two days, iocgeming proceeds more and
more dowdy unril there is very limls diffsrence herween the
foas after tan dayn and afier thirty days. A ceraip minvmum,
presamably, sticks almost sndefineely; and it 30 juse thia
mimmum which tips the balance sgeimat the uneducared man
nd in favar of the eductted man even when the Jatter ke
hean [ang our af wchool,

It

§o

A
L T T RN 3y T 35 P
Feo 5
Ciwrx or Eerommor IEnmm:anl) o Noinllﬂlx SyLiwiad arme
Vamsaon Toex Twmaar

Later investigators working with many subjacts and with
meannglul material as well an with senyense ayllables have
obtmned Tesulte different a pome resperts from thoce of
Ebbngh but zot sarkedty so The foll table from
PFadosavljevich gived the records [rom several subjects both
for nenaense ayllables and poctry.

"l eation & 8= LB 1o wheh b ver crue setined, €
ume-fnuerval eapaing, and & and ¢ g esmatants
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Tamz X

Frterval be- Percentage of Frrcentage
#wrrn learming retennon for af retesthan
end refrarmmg  monsenie ber  for postry

5 munuten of 100
=0 tatnulEn Eg
1 hour 71 7
E hours 47 £a
a4 hoiire 1] TS
adays [} (o]
& days 49 Fis
14 daye 41 30
10 days 2a T4
120 duys T ¥

In Table X, forgetting proceeds at m slowsr rate then
1 the cxp 1 reealis of Ebtunghaus, but the geoersl
shape of the twe curves of forgetmag s wuch the tme.
FRadesavljevich's eerve ia less regular than that of Ebbung-
haws, the extremely poor record after eight hours being ex-
pluned s» cwing to the eofavedable dme of day at which
the relearming fell (Eblunghaca bad tiken accoumt of the
Factor jo his work), The immediare retegtion for poetry ia,
at might have bean sxpscved, comewhar batter chan chae for
neneensa ayllables, though, surprisiogly enough, after twenty-
four hours the difercnce between the two in acghgible.

The differznces batween the records of Fbbinghaus and
Fadouavljevich are wreributable, in part at leaer, v the facr
thar the latter's wubjects probably eweelearned their ma-
teral, since they were in general neither ao well tramed nor
20 unferm in thewr lentoiog methods ae Ebbinghaus. Rede-
savljevich conmidered his msolts to be far soperior w thoe
of Ebbmghwus, but o is doubtful whether they actually
discredit the eaddier work,

Beaide 1he matter of mdividual Ji5 and
ng, the retenven of noneemse sylabler dapends to a large
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upen the method employed in ing

“‘I'hia bas been cdearly shown by Lub in an experiment in
which five relearicng methods were compared: anticpation,
releamning (or lnvmg}. written r:produ:uun, Tecoustruction,

azd of the spllables
lhmghou\ Lub® wort wit affasted by o rorating drem ap-
paratun which expored the wwelve syllabler one ax a ume
through an apermure in 2 scresn, In the mmpnuon meth-
od, the subject d in i reprod
wach uy].'lable befora it was shown; the rcle.lrnmg mﬂhod
ir the meving methed af Ebbingt
m written reproduction the subject llmpl‘y vrote down all
of the oomeense ayllsbles which be could remember o
etated time; in reconstrucrion he was given the rwelva ayl-
lablen, cach on & separatn shp of paper, and was instructed
to rearrange them {n the onpinal arder of presestauoa,
and in récogoition he ettempted to select from teemty-four
wsrllables the twelve which be had secm. Lub's roults arc
showp in Table XI and hu mtention curves i Figure 6.

Tamux KT

Per contr vermned after
Method 20 manr. 7 howr $ fowrs rday  2days

Antidpavens . -3 5a 19 13 13
Relearmung (n\m\g) 75 ot 55 I+ 43
Whnitten reproducrion BB Bz &1 39 7

Reconstruction ..., 9z 1] 75 I 39
Reacogrution . ...... gqB 11 L5 75 T3

The outstanding facx in Takle XT in the discrepancy m
peroentages recaned wfter che five given intervale. Cl.ully
the method cmployed o recordiog emounts setaimed b
sufficieat in fmell to make the lossts after varioos time-
wtervals apprar decidedly differcut in #ize. The hardest
sagtied is zoticpabom, which fu almest pure recall, with o
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mimimum of “rues”; the asiea rethod i vecoguition, where
the lots afeer rwo daye i elghidy les than the loar after
twenry minutes by the ancicipaden method Thi result,
i.m, thet recogaition is deodedly cander than recall, han been
Trequently shown by cother investigmion®

L]
L]
x Retiuraham
L
- |
o T BEesiorie
" Northen Repuvcactun
]
» At
[}

FEfT Thr T
"N

Fic &
Traovrcs or Ramsumion wa T Nomemo Stouamn Leasos o
Fox Doreasar Mrroons

Prroentapes wamed wre Ll off oo the verbioal axi, tune
by lnd relamang o6 the horeoots] are  (From Luk, 1943 )

‘The percentagen tecsiped by the relearning method are the
oaly resules directly comparable to those of Ebbinghaus
{epe Table IX), since Ebbinghact employed coly the re
learning (L, smving} method. A compreison of the per.
centages maved for four time-iotervals av fonnd by Ebbing-
knun and Lob o as follown:

"Se tor eumgle Streng, E K, Efect of the Time Incoroal wpon
Brcopmitres Mruiory, Pryekolopual Reovew (apna), 0, 1198
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zominr. 7 hour rday  zdoyr

Ebbmghul o $8% g% uk  B%
N 1T 3 % R 4R
Dlﬁmnﬂ:g cean eeees 7R % W% %

Ebbingheue's veaults o regulasdy from 1% to 20 per
ceot below thuse of Lub for comparable time-uiervals
Perhapn part of thin differcocn is due to the faer thar Eb-
bioghaos learned thirteen nonecmae ayllables, while Lub's
aubjeces learned only twelve, From Table ¥ we koow that the
gddition of twg cepra ayllablas (the jusnp (Pom ten to welve)
increases tha number of readinga mecssary for learmng
frem thirtsen to seventeen: hence an increass of one ayl-
lable might be expected to have some effoct, at least, oo the
waring from relearning. But the greater part of the diferenre
is vodoubtedly due to the methed of presentation. Lob's
presenation. wan rigidly contrelled, each wyllable being
whowo g8 an isclated unit w thar conbecuoss must bave
been aimost roo per cent io the forward direction Om the
other band, Ebbingbaus’s Tute, which were spread ot be-
fore him, offered imple oppoTtuniLy for backward a: well
as forward and far with the hst
oo & whols (eee page 75 tucer). I Dmarning was easier in
Ebbiughuus’s procedure than in Luh's, the enforced aver-
learrng of the latter's sohjects an compared with Ebbing-
haus would inevitably bave made forgetting less rapad.

Oue forther recent ezperiment oo memory rerention may
be cited, an expenment this time in which highly complex
and mreenagful meterial war used,. H. E. Jooes {1gag) has
wudicd the retention of lectores by college studencs, afier
the pumage of various Gme-intervals. Usiog & large group
of aubjects, this jovestigater found that, at the closs of a
formy-minure lecture, students can reproduce oo the aver-
age about 62 per cent of the matenal just preaeated; afier
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thres or four days, about 4§ per cent in remembered; after
coe week, 35 per eent, after two wesks 31 per went; and
wfter cight wesha, 2y per cem The rerention curte

from thens data falls off in much the weme fiaben e g
of Ebbinghuns for llablea: ie., che Tone in rapid
ax first and progressively slower as time goes on,

Then raults on forgettng s of coowdersble practcal
import to the student interested in retminiog wa long an pos-
sble the mmtetial which he has learned Since largerung
is relatively very much faccer dunng the dme immedigrely
Tollowing learaing, chviously the thing to do is to review
sarly and ofren. In thim way what cor has learned wll be
held, oo b epeak, above the "memory thresbeld™ It mus
be kept in miod, however, that Ebbinghaus barely learned
biv mateca) o the fiesr place We have found already bew
enurmaosly retenn it afecal By ovedenmmiog. Theres
fore, when a memary lerion i exceedingly w ) learoed to
begin with, forgetung rmuse procesd ar & very much slower
rale than that exhibired by Ebbioghaus's curve (ate Figooe
4], The cffect of repeated learmng will be conadered in tha
next section.

(6}

oA What effece do repraced Irorning and fraquent reviee
havr xpon oxc's sbiluy 1o retom what Ar studer?

We bave teen o the Lost rection thot metene! just bacdy
learned tends to be fergatten veary rppadly ot fint and then
more tlawdy au time goss on Ales, thar the amaure forgot-
ten deperds upon the mechod ef recording retancion, aa
well &t upan the labor expended in the original learmng,
appears clendly in Ebbinghaus's wod Lah’s remults (Tables
¥1 and VIII). Whar effect, wa may now ask, docs repeated
lcaming {rewiew) have upon reteoton! Ebbinghaos -
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tempted to anuwer this quemcn in the fellowing experi-
ment  First, scrice of taclve, twenty-foar, and thinty-six
nonsenie pyllables wr well as stanzar from Byrons “Dan
Juan™ were learmed. They were then releamed ac the same
bour on mx succtssive days, cach bime up to the standard
of one correct recication. Table N1I showe the nomber
af reptuboms required et cach penod and the per cem
aaved over the firt day's record

Tame X1]
No. af repeirtons which (on

the awTagr) trere macarsary
for refearmng the zertes om

Ne of succesrive days, alto per cont

ryilablrs ravcd on sucersstue dayr ower

i series the first doy's record
Bays

I 0 v v

12 Number of repeniions, 165 07 p5 5 3 2§
of saved over fimt day. .. 34 55 * ™ Bz 85

24 Number of repetiions 44 22,5 13 ¢ 75 45 45
T saved over it day. . . 49 T2 [ I T

16 Number of repetiuent . 55 33 11 75 45 35
% paved over firat day, . . 38 Eo By gz g4

1 stanza “Don Juan™
Number of repetiions . 775375175 5 0 ©
% saved over fru day. ... 52 77 W 100 10

The importazt lm in Table XII 15 t]\ll the necessary
ameount of rel besomes i Iets and leas
on sach yucceeding d.ly Tn other wuu-du the much exercined
or alder amsociations wre forgotten more alowly then the
leta ied of nower Tt Cn cach di
duy, Ebbingbaus brought his learming up w the standard

pravions day—one coreect recitation If (his means
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that the acciations formed were iclt in the same condition
at the end af each day's learning, then logically we ahould
expeer the loss to be about the same from one day o the
next, po mamer how often the laruag was repested. Ta
ue 2o sualogy, forgetting sccnrding wo thie view might be
couceved of ak the ruaning dewn of & cleck which mum be
rewound to the seme pomt ¢ach d2y in order to bring i
back v ue criginal eficency. So i it wok cleven repeti-
hames on the second dey to bring the twelve ponsense syl-
lables up to therr otigmal #trength oo the first day, it ahould
take eleven repetiiona o bring them up to the teme stand-
ard on the third day, the fourth day, the fith, and the ainh
Ua the conerary, however, we find that the loas due ta for-
gerting hecame less and leun after each learsing perod This
cnn mean hut cae thing, namely, that conoecucns are more
strongly ettablwhed the more often they are exzermaed. 5o
the myltiplicatcon table, the monthe of che year, and the
oemes and relations of common cowos wre rarely forgotten
except by very old pecana or by these sulfening from mental
dizease,

Tt in meeresting to note io Teble M1T that the required
repetitions, when the leatming wes repested at mtated -
ervale, were relatvely fewer for the longer Lgta. This 1
owing to the fact that many mors repebtions were peeded
onginally to fixete the looger senck, benee from the hegin-
wog the amsotiattons in these luts were more firmly eatab-
bahed. The saving, for example, in relearning thizty-six
neoscnse syliables gfrer twenty-—four hours (Table XTI} was
58 per cent as agane A saving of 34 per fent for twalve
noosenne yllables after the same interval But ocarly thres
und cne-half times a8 many tepetitions were asaded te fearn
the lomger list in the Ersc place.

An dim y made by Ebbingh in the

present connectan hes to do with the relative value of
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Jistributed wersun 7 learning. Ebbingt Tound
that wxty-eught sucesuve readings of & twelve-gyllable L
ade it posaible for lum to recarn the sams hae on the fol-
lowing day after only seven repetitions, When his readings
were apaced ever three daye, the seme rosalt was ot at-
taed upbl the foumb day—hbut enly thirpeighe preced-
ing resdings were necemary ' In other wards, by a judicous
dmenbution of offort over three days, n Tesult was secured
which wheo pﬂ:\(cd me s ullgle d.uy requiced foacr a8 muoch
labor. The sup af di d over d lewrn-
ivg has beeo mace vesiBied by oiher espedmenters, Jost
[18g7), for example, uaing lus of nonseme tyllables, com-
pared ten repeciuons & day for thres days with thurey repe-
ubons in & swgle day, and found an added sawing of about
15 per cent m lavor of distibuted learning. Lyon (1914)
fonnd distributed learmog to give better retention then leatn-
g confined to a sngls aitung In a vecont well-conteglled ex-
periment Robimson (tgai1) found discribueed learning of
threeplace numbers to be supenor to coocentrared learning
both with retpect to amount retained and sccuracy of cecall
Robinson gives a b:b]:ogrlplw o{ thirty titles oo the t.opu:
of the relative effici d vernus

learnng.

Clataly related o the guestwen of the best digcsibution
of learming and revicw is thar of the velue of recstanoa dur-
ing the lcaming weell, Some cxperiments of Gates {1917)
bearing on the pant gro watructive. Galen gave his sub-
Jeste vine minutes ip whech to study hwte of nstern nonsense
ayllables. Some weare wald ke devote theic cobiee time to read-
ing the Jits over and cwer. Othert gave oue itk of ther
time to "self-rectation”; that is, each subject spect thin
time in attemptmg to recue the Lst to buneell, prompting
himwelf when oocessary with frequent relerence back po the
ber. 5ol other subjectn gave two fifthe, threa fifrhu, and
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even four fifths to self-recitanon. The retulty of the testy
given at the end of the learning period showed that recita-
tion 15 & derided aid 1 memorzing. Those who gave four
fifthy of thdr time to recitation, lor instance, remembered
twice an much ae thote whe simply read the lnte over
slently. In every cane, in fact, it wan found thae rectation
gave botter retemtwon than emple reading; and vhie wan
1rue for roeaningful meteosl the same as for nonsense
syllables,

The rasults quoted in the last few paragraphe are of
¢onudetable woportance m wchool work, for they show
clearly that repenvon and frequent review are more effec-
tive and more saving of tme and labor than learning con-
centrated 1nbo cae great cffoct It is sometimes troe, of
course, that the clever studene will be able o *cram™ enough
Information to pasa the next day’s examinsvion. However,
he wull almost certsinly retsin leas of the conrent than his
more kagecous brother who bes detobeted his learming
throughout the course in the manner recommended by the
profeseor. 8o in che matter of retention, at least, it would
scem that virtue 18 rewarded !

By the way of summary, let us et the main factors which
we have found anfluental in dewermimog the rate of foc-
getting Frest of all, the length of the lesson to be learned
i clearly an importaat fact. Becond, theee [a the amount of
labor expended on learmng: the more repentwos and the
longer the ume spent in learoing, the greater (within limute)
the rerention Tiurd, there is the distnbotign of effort o
be considered Judiciously spaced review b neatly always
wuperior to marsed o concentrated learming, while aelf-
recitattae ie hetter than merely reading the materal. Fourth
and lagt @ the cheracter of the matesial to be learned.
Meamngful material it more catily “firared” and beteer re-
tained thin nonkenee materinl.
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5 Phar sart of comnernions are formed 1m fearning - do
thry rux forwerd semolly from ome irrmodo the xext folo
lowring only, or do they tp terms 1x the farward dirsenion,
aud goen ur the backerard di ? What ar the
relative Hremgrh of these differemt arronations, arszmmg
them to be o formed?

In any kund of learnng, 1t often seeras that in addinom
to sunple £, 2, 3, or &, b, ¢ forward eesocations formed
wcrially, cther connettions are &4 up in yanous ways withia
the matenizl o be learned, as well av wuh what we already
know In the expenments of Ebbinghaue hitherta descobed,

always ded farly from onc eyllable ro
the nexc follewing Fence, 1c would appear thar only seral
connecrsont could be made, and thar these connechione muat
be formed o che forward direcuon only., Are there aoy
other formed in syllable learmog?

Ebbinghaus set our to anewer thi queston by learung
lists of sixteen syflables up to the powot of coe comect recra-
tioa, and then twenty-four hours later learmog “derved”
sty made up in & varisty of waye from the osiganzl lew.
Ii we desiguate the aylleblex of an orgmel hit by oumbers,
ak 1,2, 3 ... 16, 8 sawple derived [ist maght be

1,3, 5 % 9 I, 13, 15, 3, 4, 6, B, 1p, 12, 14, 160
Such g derived kst would clearly benefit from forward as-
mpcations between one term and the secoud following of
wuch ansoaauons hed been formed in learming the onginef
lis. Tt should be easier, then, to relearn auch 3 derved hat
than an eetirely new ooe. Ancther denved list might slip
wo syllables in the Torward direction:

Tk T 1% 0161, 5 8, 10, 04 5 6 %12 05,
thus giving more remote forward aseociatwons & chance w
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cperate i pragant. Seill cther derived livu drawa up by Eb-
oghece skipped three, four, and op to scven mbervening
wyllabler. In addition to these, other tscs were comstrucred
in which the syllables were revermed in regolar order from
16 10 1, or were iimply jumbled up or erranged n chance
erﬂ-et. 'I'hul hmrd associabions, both near lud remaee,
ions, and any other

wete pven 3 chasce to opermte in the relearmag i preseat
in fact.

The average saving in terms of repetitians in learning
these denved lingn twency-four hours after the ongieal T
had been icaraed w abown 1 Table XIT1

Tamee X111

Saviag in relearniog ongeal oo vochunged. . . 0%
Savinps in Jearming lete denved by aloppung 2 uylllh]e 11%
2 syllablen 7%

5 [
H 1%
Saving in learning reversed o, Pt
reverned lists, 1 ly]liblc ahpped 5%
liste, wylables arranged by chance o.55%

The percentages of saviag sbown ic the table ane rather
amall i several casce, but they are based upon $iz or mare
haty and are statwocally relable It seems clear that con-
nections were actually lonmed 1m learoing these Lsts oot
smply {tom oac syllable to the nexe fellowing, but o the
secend, the third, and even more remcte terma. Ta quote
Ebbmpbays. “As a reault of the repention of the syllable
senes, certsin connectima are catabliched between each
member and all of those that fellow . These coanectsons
are revealed by the fac that the ayllable paim s bound
together ave recalled 1o mind more samly and with the over-
coming of less friction than similar pars which have not
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besn previously united™ The more remote the terms, the
weaker the connection tends to be. Ooly i the case of de-
nved liets in whach the syTlables are siruply thrown tegether
by chance or reversed with one syllable slopped i there oo
reel zaving.

The explanation of "backward,” “remere forward,” and
“nodeutal” asocanons is prodaily w be lound in the learn-
ing method employed by Ebbinghana rather then in any
revermble neural mechanem. With h Lics of nonvense syl-
Tables apread oot before him, it wes almost impessible for
Ebbunghaus to refran from glanung backward and forward
u be read slowly through & List. Hence hi method might
accopnt for the adventions connections which showed up
later on i leaming the derved hsts. It seeme lkely that
much of the benelin ebtauned from cwerlearning s brought
aheut by a strengthening of the essentia] forward assccie-
tions togzther with & gradual wenk:mng of mdireet and use-
lesn With T bonds which
might cesily cause moofunion and mterference when learming
s imperfect are mummozad in favor of the more necekary
direct ques

In sttempting to summanze w bref space Ebbinghaue's
chief contnbuticns to sxpermental peychology, we must
cermly st (1) ha mtroduction and wse of quanttetove
methods in the srudy of leaming and forgetung; {2) huw
measurement of the factorn povermpg fization, retention,
and recall 1n verbal learning; and (3} e invention of mon-
m\u sﬂ!a‘bl:: Ebbmghaun mcmary mﬂhoda are to-day

m he p Hu
man mulu may be mocepted uubunnually us he left them
CH hw anvenuon of vonsense syllables Tirchenet reraarks?
"It it not o much to sy thar the recoume w moneence
wyllables, xv & means to the study of saodation, marky the

* Towtbock of Pryeholagy Lig1s), p 180
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mont conmiderable edvance, in thin chapter of peythology,
wince the tima of Arictcle.” In briel, Hermann Ebbinghsus
wan the lounder of che quastitative study of

Suggested Readings

1. Ebbinghaun's ewn accoont of hie exparicents will he
found 1 Memory, 4 Contribniion to Expreimenicd
Prychology (1885), tranelated m 1913 by FL A. Ruger

(lara E. Bussanue,

. A eppichepnve survey of the cxperimental work on
memory sod learming may be found 1o Walter 8. Hun-
t,eﬁ apter 15 o The Faundationr o,l‘ Exparinental

[$5:2)
3.1.‘{‘55 y,?s:zg(‘ Jiri 1t publiched
m the P el Monogra h.: ((9:2), val, 31 ]
4. Chapter wnrary, m°E E Robuarens

Reradrags 14 G.mem‘ FPovehology Exyza) mnwnu much
nggestive matenal oo the tape.



Chaprer 4
PAVLOV AND THE CONDITIONED REFLEX

{r

HE ressarches of the great Ruossian sciencist, lvan Pav-
lav, on the condinoned reflex date roughly from the

year 1904, i which Paviov was awarded the Nohel prize
mediome, Pavlovs eady results were publuhed only m
Russan, and heoee lor some time they were it known
w0 wcientisty of other countries. When foally they began
0 be avadable, however, they were sexad upon wath awdity
in Ammcl, capoonily by those younger prychologists who
were Rred with the P paychology then
widely current. Here av last, it seemed vo them, wai the
faundabhon upen which could be onstructed a straightfor-
ward and matwralvoe dessnpron of hurnan behavior 30 it
bappened that Pavlor's method and hin findings became the
manstay of behavioriam, the modemn revclt aganet intro-
apective paychology, and are today #6l] the chiel weiconfic
weapon of the sincily chjective peychologut. In addition,
hewever, and happuy, Pavlov's researches bave broad and
impertent implications for genernl prychology ae well. They
hare, for instance, thrown much bight cpon the mechanics
of learning and habie-fotmanen, aod have led o apo in-
geoioud caplenstion of the agedld problem of sleep Hee
aden, Pavior and biz students have auccesded in produciog
abnormal mental statcs 10 animals akin to those widespread
thodern nervooa ailments called neurcars, which are thoughe
by many physicians and sociologits to be largely n by

7
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product of prescat-day inteass and complex divilization.
‘Today, at the age of oghty, thi remarkable oo, the weo
of an cbecure prasamt priest, sdll cohusamically carrie
o0 s work, mded by o devoted group of sudents and fol-
lowers. Experimentl reports from hin laboratory are eag-
erly awaited and read by scientific men the wartd over,
Pavloy's rescarches began with & wel-knows and e
quently shuerved fact Every one of us han secn the saliva
drip from & dog’s mooth as he waits 1 eager waticipation
far his food. Probably moet of un, tes, have fdkt cur moaths

A A
= ~
—
—
—
—

B B,
Fua ¥
Sourir Scapwx o Sucw TER Mzcmamm or a Cosprmoms Rzrex

rwatar” nt the sight or odor of appetizing food. Onginally,
ix, in young ammaly or very young children, sehiva doey
pot fgw unul food in actually ken meo the mouth: in
ather words, it 1w an actomutic sod pordy reflemve glan-
duler rofiex, the adequate stimulan bong food-sn-rhe-mouth.
In time, bowever, u we nll know, the sight or the odor of
food alone in uble to imtiate the saliva fow. Such o reflexive
wct which = brought about by a situation other than its
original, and bivlepeally adequate, wtimlus B & “condi-
tioned reBirz.” ‘The mwociated stimolor—the sight of odor
of food—ia called the conditioned scmulus, i the

akitute simulus, and the respomsc to the ooodd

ol of
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substiture stimulus is the conditioned reflex. The scheme
better shawn, perhape, in Figure 7.

Call 4 the adequate or uncondatwned mlnulul I‘or the
reflex #7; Lkewne let B rep the t
atimulus lu: B*. If A becomes an effective stimalus for the
reflex B/, A4 in the substiote stmulun and 87w the condi-
tioond reflex. Thearetically, all of cur natwe or reflexree
atvities are capable of beng condinoned. The wlivary
reflex in partcularly well adepted for expenment, however,
becmuse responses to other theo the ongmal stimulus can
be accurately ascervained and their strength measured by
aoting the amount of aslra secreted.

The cooditicosd reflex han been wdely employed n
modarn textbooks on paychalogy to explun how we learn
or how wr scquirc new respomect aod oew forma of be-
havicr. But 1t would be & muirake for us vo conclude that,
'I:mum the cundJumnrl mapnmc or C'R‘ s a new term,

. In
ruluy the bdn is duuncdy a]d and clurly lmpilﬂ( n
the fime-honored laws of arsoomton by aimlanty, contrast,
s2nd contigurty i space and time. Exscotully what the lews
of assocution attempied ta explan war bow gne ides ar
thought grawe oot of, or is connected with, or substtutes
for, another. An caly as 1690, Jobn Locke wn bis Exray Con-
cerning Human Understandimg gave dlunrations 1o thow how
|nd1\ml||l| ptcu]unuca lkes, and d'ml!kn can be explaioed
inciple of ar ing. Locke also
apphed hin expl le of the i of ideas
to the leaming of !mguag: by children. He writes: “1f we
will chaerve haw childran lsarn Ixnguages, we ahall find thae
"C R wundt Bar renduoned reipowre The u @ better genemil torm
than romdronsd sefer Decause the mesning of che tom eefer i e
surieted to wuwple inmate forms of behaves, and becase the prtcple of
eomndreang bu becane so wdsly cwmen ™ payeholowy a1 an explune-
ton of oompler forow of bebuver which arn clearly noc el
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e make them wnderstand what the namea of simple ideas,
or aubatances, stand for, poople ardioardy shew them the
things whereaf they would bave chem have the idea; and
then repeat to them the name that stands for it, 28 whire,
swaet, milk, sugac, car, deg” Much later William Jarges
[rBoo) stated the law of contiguity, to which the other
lawn of saeocution may be reduced, in che following pas-
aage: “When two elementary bran procesess bave been ac-
tive together or b 1mmedate successon, ane of them oo re-
curnng, reods to pmmate its excitemient 10 the ather”

Thax 1 set the same le as that of “vondi-
Bomng ”

I{ the ideg of the condioned retponsce 16 by ne meens
modern, how, we may ask, does the work of Pavlov differ
from that of the older aspociation poycholognsne? The &f-
lTerence Lien essentially in the fact that Pavloy dealt not with
“uleas” but with obyjective facts of bhehavior, 1e, with
sensory stmuli and glandular responses which can be meas-
ured and compared. The great ment of Pavlor’s method
i thet revults are slways d. Without
there can be, ardinarily, no dafini no and no
ohjectire facts Wuhour defintenear, accuracy, and objec-
tive facts there can be oo soemoe.

{a)

tn his scodies of tha conditioned reflex, Pavier has
worked wlmost enturcly with dogt and wub the salivary
reflex. Implicit in all of hin work s the theory that eveny-
thing the dog learns from puppyhood on w the result of the
associption of certain mvents which bappen to occur at the
natne time with the bmloslu!ly xdequate atimulue to some
native auch E&li £, eriing,

sex bebavior, or the Like. What the dng can learn, ic., what
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stmoli cen be conditioned, bow fast he learns, and how
rapudly he forgets, ¢ studied by messunog the selors dow
under rgidly coneralled conditioos. Pavlov chose to work
with the salivary reflex manaly because the strength—ar the
degree—of a reaponee, and not sunply 1ts oCCUTTEDCE OF DOR-
occurrence, t8 readily dettrmunsd by the emount of saliva
neczeted. Besdes, the salivery glands form a simple organ
and oot @ cormpotite one conusting of several musdes, there
are oo tome reflexen presznt to interfere wath or complicate
the expenmental control; and the response {aecrenon) can
be measured wach grest preciwon in omes sn small a3 ane
teath of & drop.

Favlov's method of messuring the saliva flow iv relatively
vimple By means of a amall inosmon, & fistula or opeong
is made mn the dog's cheek thmough which o glass tobe 13
nMered mito the opeong of the parotd, or submamllary
(twe of the salvary) glande, The saliva which dnipe from
the tobe 1 collecyed and d 1o finely grad d con-
raivers As the salivary reflcx i delcate and readily inper-
fared with, che yreatest precaunians are taksn in Pavlow's
laboratery agmnet soy distuthances. ATl ezpenments are
conducted w erpecanliy built modonless sound-proof rooms
(there are wighc m all), the walle of which are of wrf, wo
foct thick. Both the food and the substimaee stimuli are
preasnied avtemancally, the food by e ingenicus pocumate
dence. Meanwhile the experimenter watches the dog from
anoeher compartment through a periscope in the wall, so
that by a0 chance can the dog ropond to him rather than
to the stmult. Each dog a put through a kmg training
period which sometimen laste many wesks, until he 14 thor-
ooghly aceuntomed to the men who is to work wath hum.
He ia taught to stand avll upon 2 wmall table in the cxperi-
mental toom on which be w secured by & collar and other

ining but not fartable bonds. It i reparted that
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the doge Jook forward with cvery appeatance of eapernan
to the expemiment, jump upon the table without command
and place themselves in the comect pettioa for the expen-
meat. A dugram of the laboretory sct-ap is shawn m
Figure B.

The umcpdnmed gomulue {food) 4 prosented pusmaceslly W othe
wmafl duh through the wandew AT the ame [me, or roe lh., 1he
eondiwomed wpimabud, ¢, s gy af o bl e pven The salos
which Bows Imm the mouth u collected = the gradusted glam

A the sl weto the reespeacle, v aokes 4 amall duc
which depresses the Jever jum 30 et of 1 sawma] Tha downesrd
movement & eRamnree o the erer bebied dm wrvr, wnd 4n ancamani
sty W Tha wooted unoo s mmoked drom
waphx record 1ells the expermenter bow ma dmp-nlu]mhv:
secreted and how reguler ;hcﬂwhulﬂnn;m\'uhmdldugﬂ-.

(1)
The simplert technique in condi d reflex

i to apply over and over apain the condimoned ;r aubeti-
tuce sumulue together wath the wneonditioned or oatural

stumulua, In Pavlov's expenimenty, olfactory, auditory, visual,




84 Great Experiments in Psychology

wnd tactus]l stimuh are all ueed as ubmitute stimuli, food
in avery casc bemng the unconditicned or adequate somulus.
With the dog standing quietly o the table, 2 ymall dish
of feod ia presenied, and at the same nme a note, way, i
sounded or » bell 1o rung. This i repeated time after time
on succsexiva days, the number of jeint somulations sveeag-
jng frorn cight to ten prr expenment Ar Grag the saliva
flows oaly to the Food plus the sound, but finally, afrer
repeated joint sumulations, usyally from twenty to forty,
the saliva will begn o Row ac the sound glone The souad
Is now & condinoned stizaulus for food, and the dog’™ salivary
respoase o dagd o be condiwoned. Figure g will show thie
mgre ¢eatly.
Fuoeld —= Balivs

—
- Frdangup
Sound ===
cars.ete

Fr= g
How mr Sauvaxy Szewrmoyr Mar Br Conzrrickey m 4 Seono
Sronmry

Food and sound comiog together often enongh, the sonnd
graduaily becomes an effecuve surmulus Tor the sabivary Bow.
Mot wnly suditory sumulb, but olfsctory somuly such ay
the odor of camphor; vieual
geometrical forma, tactusl atimuli, touches or lght seratches
oo the skin—all have bern subatituted for food and made
o prodace the galoea flow, Tn 41l such experiments as thee,
the dog’s brain and nervous syst=m may be connidered to
have formed s connection berween the wwo stimuli, or
learned that the substivute stimulus standy for the food
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Throogh wuch axsociatons, the range of stmoli which lexd

to a green wmple reflenve ant may become emormeusly
increased. Pam of the wadeepread acuviy of both dog and
hucoan is doubtlens aequired through just such smple con-
druened refexes.

The facttr of timg i important in coodivoned reflex
experiments. When the conditioned, or aubstitate, stimulus
t# gven smultaoeously with the natural sumolus, the CR
czn usually be secured But of the subsitute stmulus comes
for even an short a period az ane second afier the natural
stumulus, theve 13 20 CR Krestovowkoff, one of Pevlew's
wockens, mede 1,000 trials i which the sebstitate stumulus,
& seracch on che skin, was applied From one 1o three seoonds
after the uncanditoned sgmulos (foed) wathout seruring
posctrve reaults, 1 £, 2aliva flow CR's may be serured, how-
ever, when the subsutute sumufus 3» apphed Brfore the
nacural stimulus; tres as short as one second, and ar loog
an five minutes, give povitove rexulis, 1f 3 Iubm(ute uumulm
€ gy found or touch, 1 { until the 2
stimulus 18 applied, the [atent tme? 1 mughly cqual to the
mterval berween the application of the subsutute sumolun
and the nptural one Thus, of a note 1% vounded oo a hore,
and two minutes later fpod in grven, the saliva will nat
begin to flow, once the TR has been establinbed, untl the
bom ber becn sconding for two monutes. Ths ie cadied
a “delayed reflex” The lomger the iaterval berween the
wubstitute and the naural somulus, the more numerogs the
appheations needed to buald op the ©R

When the substitute shmolus is spplied Before the na~
tural stimulue {food], it is not alwaye oecemsacy that it be
comtinusd until the food in presented. For sastance, the sub-
writuce timulun may first be applied, & pause allowed, aod

"The tane betwren the application of the stunulos wod the sppannce
of the TR
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then the feod prescoted This paute between subsntute
and patural semulys oy be of convderable length, even
three munutes 15 not unuswal. The Intent perod in theae ex-
penments dlmodr exactly cquils the penod between the
appleation of the subshtute stmolus and che food For
cxample, & note may be sounded once, and we munutes
later food given, and thie procers be repeared many times.
Evenmally, when the armal s condivioned, salirs will begin
ta Bow just two mioutes aiter the 1ound, at the trs when
the food ordwnardly appeared. Thi type of delayed renponse
13 called 2 Mrrace refiex” Thet the interveming penod o oot
simply oae of inacuvity ¥ shown by the fact that any extra
ettmulua (f ic be a strong one) which by chance or ocher-
wiec 13 applied dunog the waiting period will cause & secre-
pem of salva immediately (sex later page o0) The te
eeraping mechanmm ay work during (his wat 15 apparently
Iike 5 delicatr balance which 1 upsct by any strong super-
vemng stimulus.

Angther phecomenon dosely akin to the trmce reflex 1
called mmply the “nme reflen” If 2 dog i fed ¢ stated
intetvals, say evory ten munuter, he soon becomes conde
poned o thin nmemgerval do thag salva will flow every
ten minutes in anbespation, aa 1t were, of the food. It would
soem wm such cases that some thythm or penoditity bad bexn
etablishied in the necvour wystam which “sets o™ the re-
apanae At the praper tume, much 29 2 “repeater” alarm-cdock
zings every two ruoutes or so. Examples of such rhythms
or vime refleses 1a everyday his wall at once come 1o mind,
Some people awaken at the same time every marning, often-
timen just before the alarm-clock tinge, whils many, through
vague but uagustakable inner cues, know when ther regular
lupch-tyme has arnved without comulting their warches,
Peoodioty m effisency duning the day—physclogics] R
postibly—=tcent to be well eatablahed.
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4}

Clesely bound up with the question of the time relationn
between sobeticute and natural stimolus 1 chat of the degree
ol differentiation o sedection poabible amoug variods coast-
ipg etymule Thie e chearky an important problem, for ob-
wiouely there muat be 2 high degree of selecton and choice
amoug surmuti, Othersnse, the dog's salivary secrstion would
be generat and uncontrolied, snee doge are continuensly
bewing bombarded by 8 multplicrty of sounds, emells, mghts,
and toucher when eating How 13 thin sclection made, and
bow fioe 5 a1 dog's difercotimting abibity? Pavlov and b
workers hare attacked the preblem in many experiments,
one of which w here descrbed Fursr, two wpoty £ and B
on the dog's flank were selected The A spot was Lghtdy
scratched, and ar the same tme food wee pven. Io like
manner B war touched, bur no food was given, Alfter many
repentions and many weeks of work, 4 wath food, B with-
out food, the point wan finally reached whereupon touching
A abways gave che walivary tefles, apd touching B never
gave it The negauwe epor B wan then moved closer and
closer to A, w order to study the fneness of difersntiation,
untd the two apats were separaked by caly a {ewr milbmeten.
Sull £ gave the reBex, while F mvariably failed w gpve it
Inevitably, however, thu very fine differantinfion broke
down when & certain pomnt wes reached If the ocgative
stimulus, for metence, 1 almogt identical with, or wery
#imilar to the pontive simulus, both wall produce the CR,
the degree of response, Le, amount of sahva, in the case
of the negabve sumulos depending open its neammess or
mmilangy w the condiwsned sumulue, This phenomenon of
sprud of stimylation has been called by Pavler “iradia-

won.” The dqgn:e of wradiation cae be smm:whlt reduced
l:)f the diticoed scimulus: ie, by




88 Great Expeniments in Pavchology

applying the wonditened stimulun together with the uncom-
dioned stimultue {food).

Clenn-cut diferzotiation of sttsuli to & quite high degrec
bat besn wecursd by Paview's workers with other than
tactogl simull Baclakefl trained bis dogs to differentiate be-
twezn tonek of Bog, and of Bz and 815 vibrations per second
Thust investigator found thet he must begin with the least
wimdar (825 wibs ) and proceed to the more wmmfar (H1a
wiba.) toner mn order to secure diffcrennation, e the teverse
procedure faded o gove ponuve rerulis [n other expen-
meats, 1t was foond that the dog ¢ould distinguish between
metroaome beaty at the rate of g6 and 100 per second, and
in the casc of winual stimull between 2 cdircle aad aa cllipse
seven-eighths 20 large

All af the resalte just cited were secured wth simadtareour
shmufaiior. When there s a ume-mterval berween the
conditivaed eod the oatural stimolus, the fincoeas of differ-
entation it considerably reduced, being inversely propor-
tionsl {roughly) 1o the length of the pause. No lugh degree
of differenvationn w posable of the pause betwzen the
condioned and the nawral enmulue i long; apparemdy,
irradiation, or spread of sumuletwn, prevents s clear—cut
difersuianon from occyrang 1 thete delayed response,

111]

The ability of the bram and nervoun aystem of the dog
w differentiate between two closely simular svmuli, souads,
tonches, or wiual gbjects, w attnbuted by Paviov tw an
actively neural h called *mhuk
Tnhibiven in roughly znalogous wo the braking of an auto-
mobile which iv gathenng oo much speed o o hill. This
voocept i well illustrated by an experiment in which were
welected four spots, 47, A2, £3, sad A4, o 2 dog’s fank
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{Figure o). When each of thess apots was teuched, food
was gven, and this process was comtinued ootil all of the
apots called gut the salvary reflex Theps may be called
poitive spots. Another spot, B, in the same regon was oext
selecyed and couched over 4 lang pariod, ro food being given
on the muecessive stmulations, At first, touches on the §

Fu 1n

Hew Inmpmion Mt Be Srvoman
Spooe A, A, A ond 2 ore poattree apots, B a nogative spot. For
fofl descrptien we text
wpet led to a nalw flow due to irradiaton; but Grally, ae
0o food wan ever pven, the CR ceancd, and the epot be-
came negative Now, when the aegatrve B was touched and
altermands any ooe of the positive 4 rpots, 5o naliva Sowed
m apite of the fact that all of the A'+ were positive! Thin
tughly ingeresting teault in cxplained by Pavlov as duc w
the spread of the inhibiting, of restraning accion set up
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in that part of the dog's Dervoos system concrolling the B
zpot 1o the part controllng the A spotr. Such “mbibition
of an exotaten” i & generl fact cncoourered in all CR—
it occucs wath suditory, visual, and oliacory, aa well as
tactual stimuli.

Ordinanly, &¢ e hawe scen, the vegative & apar does not
give a salora fow. But 1f when & is touched, & bell or note
1 sounded at the same time, the © R =]l 4t once appear—
saliva will begin 1o drop as though B were 2 positive 4
spot. Thie “mhibution of ao inhibitien™ e forly commeon in
CRap , and has betn d betore i deserib-
ing the trace reflex {page 26). It wull be remcmbered that
the CR does mot apprar unnl & piven tme aféer the ub-
sutute stimulus, the czact ume depending upan the penod
orgpoally intervening between the subsotute etmulos and
the food. Dunng the waing penod the refiex 1s held i cheek
or whibited by the dog's pervous syatem yntii the proper ume
arrives for relcacing the brake. Bot, as oeted sbove, say
stroag cxtraneoud sumalus will hit the brake, cauaing the
nalivary reflex to appear For ezample, 1o an expenment
conducted by Aarep, aoe of Paview's students, an writating
cdor caused twenty-zght drops of salva to Row dunng a
wrace reflex; while on uncther occanon the buzzing of a By
bad the same disorganinng effece Perbapa the reader wll
the more readily understand now the need for sovnd-proof,
wdowlest reomi, and for the other cxtreme precauticns
taken 1n CR work

If any coe of the positive 4 spots in tooched wod st the
me time an inddy POt net produting the reflex—
is stemutated, the teflezve response to A wall gradually
dirainib and fnelly drop v 0 The blocking of & poudive
sumulut by an indiffiereat ooc w called & “conditioned in-
hibition."” It may be irradiated to gther stimuli. Thes i 4
it the positive subsitute stimulus, and X the indiferent
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imulus, the sesporse may be inhibived net ocoly to £ plus
X, but alsa to £ plus X plus ¥ plus Z The degree of inhi-
biten—duriavuos of wliva Sow-—depends largely npon the
mmilanty of cha added stmul (o the ndrfercat sumulus
X. When & CR 1 not occamenally reinforeed by s natural
sumulos, it soon dies out of becomes extmgushed—lals
ta produce the salivary Bow. Thi s known as the “extine-
tion™ of the CR Sometimes it happens that the C R will
agmin funcnien after & pened of extinction, due prohably
to the face that some mhibiting o auppressng sumulus has
gradually loat ats foree. But usually renforcemenr 1w mec-
asary,
Withour donbt, the cutstanding finding 1 Pavlew's ex-
oo diff 1a the t dous value of the
ithubiory power an the hie of the dog. Wechout has *braking
power,” the dog waould be nnable to choose o seleat He
would respond it or mmes to cvery stimulabion, wumportant
a5 well as 1mportant; o shorg, he extonce would be &
notowe confuson of events
‘What happens when the dog loses his ability wo dmenm-
nate 13 cearly shown o a cese of “expenmental neurems™
produced by Paviov apd tus group 1n o dog Krestovmbkova,
one of Pavlow's stodents, condittoned & dog so thar saliva
wan seerebed whenever a arde of ight was thrown open
dark fcreen As o previous expecinents, the C R wan bulc
up by piving the dog food wheoever the cirele appeared
and convnuing this combuaation, food plur circle, unnl ar
lagt saliwa fowed to the circde aloaz. Next the dog was
shown agan and again a small dlipss, no food ever being
given along with it. Evantuslly, the powmnt was reached where
tha saliva Bowed at the sight of the circle, but never at the
sight of the dliipaz. To test the dog’s differentisting abdity,
he was shown larger and mare drcolar ellipees, always with-
eyt Tood, ontil finally he could distieguish—as thown by the




92 Great Experiment in Prychology

appearance of the rafles—berween the arcle and an ellipee
whote axcs were in the rclatwm 7:8, This would sexm w
have been & wofficent fexr in msell but the expenmenter
wes pot yet setished, snd gttempted to have her dog dis
tingash betwsen the <rcle and an ellipie whose axes were
ar B:g—a figure scarcely different from a perfoct oucle
tank proved ta be too much for the dog's obwbitory
ability Sahva Aewed first st mght of the ellipee, then ay the
arele, then at nght of either or both suthout any dwtmetion
The dog began to whene, barked Gercely wt Lhe screen, tore
at his restramning appararis wah biaogeech, and artempted
to jump down from the tahle After this expenment the dog
wat ukclens an an cxpenmental anaoal. Saliva would flow at
wght of 1he expermenter, or ar mght of the experiment
room, or at almodt any stimulus. Apparently what had
kappened was an almost complete collape of the dog’s dii-
ferentaung abality, due ta roo great stramn bong placed upon
the brake When fnally the brake gave way, reaponse be-
came general and notous.

Thas loas of discnmmnanve zbilicy in humans, which for-
tunetely & rarely of ever 18 complete aa that i the dog
which we have destnbed, 135 olten assotated with nereous
diisases or aeurckes, The nevrous individual cannot ducnim-
ate between really dangerous and really harmicas objects.
Hence he may be almud of cats, dark rooms, crossng brodges,
or a thousand ether tings ivtnnecelly harmless Noc can be
chooge between really smporant and really ummportant
tushs, and 3o m impalled to perform ussless acts wuch as
warhiag hus hands ten hmes a day, toochog every other
lamp-peat, powng up the steps two at o tme, or the hke.
Possibly a large share of the fatigue charactenanic of newrar-
thenia comes from the large amount of logt meton wdulged
.

To be sore, even in oormal people, confusion often arica
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when pndiee stran i placed wpon the dseriminatory func-
tion. Tepch & chuld twe forergn languages at the sxme time,
for instance, or two methods of subtracting or dividing, Ind
for 2 time at least offi will be kedly i
vhe result. Incelligent pahavior i dog or man depends o f9
amall degree upon 2 judious choeee eod eelection from
among the many compeung stimub aesling entrapce, In
Paview's method the eoptinuoge puroggle between emtesing
stymuli and the checking and selective actvty of the nervous
ayatem may be sudied and accurately measgrad,

[{3]

Ope of the most interesung of Pavigws findinga iv the
aisoovery that sleep is dosely hoked up with the ihibitory
ph d 1n the exp an diff
tion and the trace refiex, Tt wil! be remembered that 1 the
trace reflex the condinoned wilivary fiow does not appesr
until some time after the substiute stimulus bas beeo gven.
Thua period depends upon the ornginal time-interval between
the substitate sumulus ead the natural sumulus. Whenever
this delay was one-half minute or mare, a pecular tung
happened, the dog usually became drowsy and often went
sound asleep. The cven happened in delayed reflexes when
the condiaoned stmulus was contmued throughous the period
Intervaning berween the substute stmulur aond naturs]
apmylys; for example, the dog would fail aulesp with che
bol! or beezer goiog d enangh, lppunm:]y, w kecpa dmcn
dogs aweke, Acepoved by thn
frat Pavloy and b workers ened o get emcpuum]l]r ].w:ly
and sctive dogy, thmking that the eeep which came 20
readily ought be an wdividual peenliarity of the dog used.
Ewen he moar active dogs, howsver, regulacly went to
lecp, indicanng that some gencral, and not indwidual, coe-
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dition was ac work. What ie the natore of the seep which
oceurs o these experiments? It must, snid Pavlov, be n con-
ditzon of general cortical inbibuwion analegous to, bt greater
than, the local inhibition or brake effect which we have al-
ready met with in previous experiments. Dunng the wating
penod betwern substitute anmulus and coadmioned rellex, the
bran and pervous aystem are actwely inbibring or holding
in check the salivary reflex, that this most be true 13 shown
by the sudden sppearance of the refex when any mrong
seimulus comes 1 1o 1ift the brake, In hke manner, when the
dcs'l ulﬂrlry flew har heen pumtwtly condinoned to a note
of Boo aod oo d 1o & oote of
Biz vibranons, there must ngam e a delicare balance be-
tween the and kb of the glandular {motar}
response. {We huve dready described o Secton {5 what
bappens when too much stram S placed on the brake )
Thas whibizon i3 cvidently ot fivst 2 matter of the local
negative surulation of a small sector in the dog’s bran,
Bur of thu focys of pepative somolation i continved for
Imirly Inng pennd u[ urm:, w}:uch hlppcm m the trace reflex,
P spreeds over the entice
cortes, the dcg meanwhile becoming more and more drowsy
unt:l finally he goes io sleep Nermal slecp in man is eaddy
explamed alver the tame fashwe as this expermentally m-
duced seep in the dog The navural stimulun for leep 18
Eatigue, which induces first drowwness {local inbibihon) and
then sletp (general mbibraon). When the brake i hfted—
the inlubiian remeved from the cortex—the eleeper gwaleans.
It is interesnng to nete how readdy at=ep an a response i
itudf conditioned. OCrdinacdly sleep follows the natural
stimubus, fatigue, with which in associated {usvally) & com-
forcabie bed, darkness, a certain hour, and quiet Thess
Intter clements in the total situation often become such
effective gubsuture stimuoli for deep that many indewidoals
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will {all arleecp when in ther costomery situston, even
though nor especially fatipeed. Apamn, for many people these
astocated stimul become wo amportant that they cannot
slecp withour them, no matter how tired they mey be
Toeomna, according to this vrow, might be thought of an
oorasioned oftentimes by a negative atimulug which represaes
o inhibite the pomtrve stimuli to Weep. Woery, czcitament,
fear, and other emotional condibions may readily act as nega-
tve sumyl to slean

[¥3]

Pavlov’s success in conditiommg the anlrvary rdex lﬁ ﬂle
dog has lated meny i
Amenca, to undertake cxpenments with the C R Much wmk
has been deme woth apunale other than the dog, and with
vanous reflexes; in fact, conditioning experiments have besn
attempted all the way from prorozon to mzz Some of this
work 1 extremely interestmg e showing the posmbiies
of measunng and eutnpanng the learrung processes 1n the
lower ammals. Although many of thees lower orders are
thought of as poseessing few activioes which can be called
meatal, we find, nevertheless, that they can often form
defirice apoctiora To illustrate, o studymg the behuvior
of the soml, E L Thompsoo (1q16} found that the pressere
of a piece of jettuce oo the mouth of the suail provoked a
chemag movement whick did not appear when the preasure
wee applicd to the Fewnt. Here, he thoupht, s the oppar-
runity of discwenng whether the soail 18 capable of making
a conpection between preniure on the foot lnd churms Tu
teat out this b L the mouth was rep
with letruge, cacnng a chewing movement, and mmultans
vusly with thi, presence was appled to the joot. Contmusd
repatiion of these sumult led (o the formapen of an was-
oaton, or & CR: whenever the foot wan premed, the anail
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began to cheer, This learned tesponse was setoally retnined
for four days—oot a bad memory feat far 4 wnail! An ex-
tremely atereitug and cerelully devised serion of mxpen-
meats on ihe formanon of C R in fish have been reported
I:y H. 0. Bull (1528} in England. Using food as the aatural
ioned sumulus to app this i 3
oomiuumed 5ith 1o & nember of subseute stibsuh such as
a abght rise in temporature of the water, as amall as 4° C;
changes in the salinity of the surcdunding water; and to
auditory [probubly wb Y and vinga) ites Even
dimcomination between one and two aourcen of bght was
obtained aftey differential tramowmg, the C R beng famly
atable.

Tf a dog’a foot in pricked with a pin or given an electric
ahock, 1t will be pulled away quickly and involuntadly, in
the same way that a mas’s haod ¥ seddenly withdrawn
when it accsdentally touches & hot stave, Thin avaudmg re-
sponse 13 called 2 withdrewal reflex. . B. Watsen {1916)
by applying an deanc shotk to 2 dogf: foot and at the name
ume ding a4 nete, ay cond d the dog'y withd
rufiex that the animals oot jumped back st the smnd alone
Watson alse reports baving secured & differconal response
by applying the chock with one of two tones, After trasning,
the dog’s foot was pulled back at the poaitive sound only,
remainng quet st the amgetre one. These TR wore,
apparently, oot logg retained.

‘There are numerour ipatences of ammal learing, apart
from these more exact atudies, swhich are more or less ex-
plicable 1 terms of the CR mechamsm, Performing sni-
naals, dogs, borscs, dephants and others, arc usunily re-
sponding to maoy substituce wimoli, sush an the trainer’s
vmce, 3 movement of hig head, or 2 movement of his hand,
all of which bave been previcusly sssociated over erd over
agan with the derred response. Seversl dllustrations show-
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ing bow the CR is employed 1o the traiging of animalc wre
given in Chapter §, pages 117-14.

An children arz sble to otrospect Litle € at all better
than animals, the CR method wouid seem to be capeoally
well adapted to the study of thewr behawor * Krasnogorak:
{1005), ooe of Pavlov's students, seems to have been the
Hist investigator to siudy learmiog 1 young chidmn by
the CR methed. He conditioned the salvary reflex in sev—
eral young chibdren wmth & fair degree of succeks to @ vanety
of stunult, the sight of fand, a bell, sound of o reed pipe,
& alight scratch oo the skon. As an 1ndieation of the amount
of saliva necrered, l(r“nuguruh oated the number of mouth-

and made by the chuld He
mm L'hlt CR's can 'be busle up as early as the Grac year
of hic; and that almost any stmulos can serve a2 o substi-
tute njmnlun for a reflex motor or secretory actwity, An
wnportant diecovery was that CRa break down mare
readly 1 pormal than o shoormal and fecble-minded
childeen  Apparently the fesble-runded <hild s ks mobile
2od more mechamecal in B amepcutions than it the
nermal.

Ta 1914 Florence Mateer in Amenca extended and sob-
stantially verfied Krasoogorskis work This iovesngator
worked with more than fifty pormal children from ebout
wwelve to eighty-mine months of age, and with @ half dozen
or so fecble-munded chidren, She srudied the formation
afl the CR, ma recenucn over a penod, ite dywng-out ar
cxtinction {unlearning}, and the case with which conditiened
sumuh could be reassociated. Mateer worked with the saliv-
ary refler, nonag the number of swatlowings as did Kraz-
aogoreky, but her sxpenments were much berter controlled
than s, CR'% i normal children were fearned and un-

TIn Chap 7 owil be found dhustrusms of the CR thod naed
by Watsm 1o stgdymg cmolsmel capotus of young children
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learned * 1o wbour gne-hal! the number of nals necesaary
(oo the average) for the feeble-mnded Mateer aivo estab-
lished & substanual relaponship berwsen the eaie of CR-
formabien sad meotal ability o4 measursd by meotal testy
Thit authes regards the C R method an eypacially valushle
in work with young children, 26 it gives a direct meakuce
of natve lexrnrog abelity, and 1 any cese she conudera ot
1o be & valuable supplemeat to other clneal methods

(8)

The problem of juse how fundaments! the CR s m
human learming, that s, :n lhe acquisitzon of new behavior
patearns, has been apg % lly b hal
gets Some of the mest mrersstng and vIIulb]e wcllk m
thi Beld has bean done by invesngators whe worked with
sovaluncary muscle meflezes, which are pot ocdinenly under
comcwus vomtrul  The posubiliny of the acquentun of
behavior patterna even below the level of conscious
awarcocss hes been cleardy demoostrated 1o theae experi=
mente A Jew of the more utnhng mlulu may be :uwj
B Dodpe {(1924) 1 in d Id
refler (wink) to 2 knee-jerk stmulue ailer many seatl-
wpecus sumulations. The normal stmulue o the koee-jerk
it & #mart tap oo the parellar teodon just below the knes-
cap. This stimulus was aubscituced for the sormal pomul
which [rad te the mtrely different pmt.cr:twc wink refler
HCnontlgn) ditiened the ,1=-
the change i the aize of the pupll'lary aperture, by finging
a bell cack time a begm of Light was thrown i the subject's
eye After yoo-odd jont simulationn of bell plun light, the
popil dilated to the soand of the bell alone. In one pobject,

“The muarure of uolaening m the tooe o ke the CR o de oor
when not reinforond with tbe atural stumubyy
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alse, the pupil was canditisaed to contrect to the ball Thess
C R’ pereisted Jor only a shornt nme. ]. B, Warson (1518],
who bas warked with the CR hm‘n in zdults and wn children,
has condi 4 the withd af the foot a5 well
gs the withdrawal of the finger In these experiments an
electric shotk wae the uneanditianed or natursl ctmulus,
while 2 bell, 2 buzrer, and a bnght hght were among the
substitute sumul. This last expenment did oo, of course,
deal with smooth muscle refleres

(5)

In the last two sectons we bave given a boef sketch of
some of the later deved wChR ance
Pavlow's piooeer work., Just whet the Anel judgmeat of
peychologists as to the value of the & B m homan peychology
will be m ar present hard e ertmare To the behmnns:
the £ R reems to be well-mgh an all
concept for heman s well e for anmal lezrming, while
many cther peychologmt have wked the copcept wndely.
Smith and Guthrie {1921}, for ezample, regard perespban,
as well an learmng and habat-formaten, av CR wparems
gradually built in dunng the course of the idividusl’s hie-
ume; while apperently Watson (r925) woold now explain
all behevior 10 terme of © R’ Burnham (1624) makes wide
and cxtended uee of the concept as & basic phenomenca 1o
explaimng how we acquire bad Babits, persanality defacts,
and the hke Allport (l9=4! regards smn! mpomu. (1"
puage; gesture, and L and L1
conutructs which have growa up as g resuly of tbe condi-
toaing of reflexes. Other peycholognst, more conservatve
perhaps, conmder the TR 1o be deseriptive munly of ani-
mn] and the simpler forms of humap learmong; thag in, w
be ane method of learmng, but oo by means the ooly method.
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Among writers wio bave given rocent Systomatc accounts
from this etandpownt are Woodworth, Dasheell, Dunlap,
Gates, Hunter, and McDougall.

Leaviog out the querton of ulumace value, let un ae-
tempt to summarize bncfly the facts at hand o trying to
get an idea of the provent worth of the C R, First of all, the
CR technque 1 clearly an important innrument for re-
wearch in ammal papehdegy. Acimals give neither verbal
reports mor wtrospechons. But by means of carefully com-
rofted set-ppe we ean, nevertheless, obiun expct and quan-
titatrve data on learning, forgetting, and fimencss of discrim-
tation 0 tohes, hights, tactusl swmul, and wo oo, Thert i
apparently, na way whereby we can vell whether a dog dig-
tinguishes 2 note of Bow wibrations from ane of 10 vibra-
i, except by the general methed of the CR

Io experments with humane ae well ar in experments
with an'mals, the CR method substitutes o'b]ccuve reconds
for verbal Trport. Th:u has cbvioun advantages. lt it poanble,
for nsunce, to whether an ind | senues
atimals balow hea chreshold by conditraning him to subl |
sonnde or Bghts. Ne report 1 msked for, nor could one be
given il required. Again we bave glready seen 1o Mateer's
reselte that normal children differ from abnarmal in the
casc with which CR's are formed and lost Here would
seem to be, then, 2 method of measunog natve codéw-
ment uncomplicated by differences in traning or nurure

The CR ax 1 methed appesls 1o objecovists because
it conceives complex behavior ae composed of simpler hoks
forged mm a bechavior senes. Furthermere it lubmr.uhee

n termi of trial-and
and the like & more exacy cause-efest r!latmh!p 11m i
all good as far aa it goes. It must always be remembered,
hawever, that the cxplanation of aff habite as groups of
CR' bas nat yer been d d, and that f L
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tiemé 1@ this cfcct go beyood the expenmental evidence.
To indunts some of the dificolt:as which tmust be met by
those wncliped 1o explain all leamed behavior an basically
CR., we noed only poine 1o the sxtreme aenirtivenens ol mest
lsharatory-determined CR', to the difficulty of escoring
many of them; to the ease with which extraneous stimuli
may inhibit them, and to th&ir cztmetion wathout frequent
renforcement with the oetural stmoluy When we con-
trast some of chese fragie comructs with our highly ince-
grated and decply mgruined babrs, cur amtuds may well
be tkeptical. We are in no sense dstrzcting from the ma-

Tune-hik of Pavlev's technique, nor e smlong
reanlts with animaie, in concfoding that it w oot yer pos-
wble 10 explain ad dy all huroan i o condi-
taned rexponnes.

Suppested Readings

. Pavige's gwn account of hie wark will be found wn his
Leccurer on Conditvoned R({txﬂ [10928). Tha refer-
ence will probably prove 1o be “hard going” for meat

ing students,

z. A umpler and more readable aceount of condinoned

reaponees W given i the Rrac HI chapters of W. H.

Burnham's Normal Mind (192 D?

For a pomprehensive ceviewr of the ezpermental work

on comdrcmed responees, see H Caoon's articde Thr

C. d Refex ar Cond ar a Com-

won Aetivny af meg Ofgnuw, Paychologital Bul-

Ictun {19z5), Val. 22, 8

. For sliustrations of the uee mede of the mndmmed
responee coneept by the extreme behaviort, see J. B.

Watson's Behaworum (15a5).

il

-



Chapter §

THOENDIKE'S ANIMAL EXPERIMENTS AND
LAWS OF LEARNING

()

DWARD L. THORKDIKE'S studics in ammal psychol-
os'y {18g8) mark lh¢ rell begnning of the modern
af learming and habit foce
maLan s L'he mmpamuw: field. Therndike began his zxpen-
mental work at Harvard (1897), #here as an undergraduace
he did several experiments with chicks i the cellar of Wil-
llam Jatoes's house Later, he came 1o Columbia o work 10
Cattell's laborstary; and [m Columbia in régé he ren::\fad
the docror's degree 1n payeh - hta d
u verick of studien undel the l.llle Ammol Inecligenee: dn
Experzmental Study of the Asrociateoe Pracesses 12 Animads,
While be has retuned boe aterssc n gmmal peychology,
Thornd:ike's work for the past twenty-ftve pears bas been
largely in the field of edycatwnal peychology, whers he han
conducred & lacge oumber of tmporane stodus.

It muet be sdmitted st coce that much of the work with
ammals of mvestigators before "Thordie, of Lloyd Morgan,
Lukbock, and Romanes, lor metance, can be ul'led cxperi-
meaal although perf d withour ad -
ol or spectal apparites. For the most pl tt, however, wmtes
oo ammal paythology were content o occupy thamuslves
with anecdotes and with wocontralled though highly interest-
ing cbesrvatwas of the dongs of some pet dog or horee.
Mauy of these meczuats are inpressionistc and bighly col-

o
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ored, with little or no emphane upon the real wopidity
shown by moat ammais. To be sure, smmals were scarcely
credated wagh the abdity to “rearon” ar “think”——these bang
congidered an stoetly human accomphehmenti—bus they
were regarded an the equal of many men, and the supacior
of some, in their abiliy to form asscciatons and buld up
habate. That they learped many things through imitatics
2od the vae of “idess” seemn not 1o have besn quesncoed.
Av we ¢hal! sce later, Thomndike’s studies furnshed experi-
mental evdence which was flatly contredictory 1o these
somewhat nacve views

Although they wers performed opom animals, Thomdike's
expenments have broad and important impheanons for bu-
mun a5 well an for anumal learning. Certam defiite prio-
ceples, fov instance, heve emerged from thete studies which
charactenze quie accurately the way in which children
and adults form new assoclaticor aod leam mew thinge.
Thorndike’s two fundamental laws of learmng, the law of
exercue and the fgw of efect, are avll to-day, in apare of
crititism aad later work, the besie of modern pedagogical
theory. Aad it is highly probubic that they will long be e~
garded 28 among the moar valushle empirvcal geoeraleation
with which educanional prychology must deal.

(2}

Thorpdike's ¢experiments were carried ocut upor fiah,
chickens, cats, dogs, and monkeyr. The fsk, 2 commen
variety resembliong the munnow, were kept m an squanum
meanyring four feet by two fect, with n water depth of abour
nine inches. These fish shun sunbght, and one end of che
aquinum wen covered over to protest them from Light; here
all food was given, and here the fish remmned okt of the
tme. An experiment conmsted ia gently forcng a fish from
the shady to the sunny end of the tank, by gradually
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moving acroes the tank a glagy shde placed bebend the fish
o oy off 1t retreat. A second glass slide contumng w small
opening was then placed between the fish and the shady end
of the tank. The abject was to tce whether the fish could
Fiod the openieg and escape At the begioning, the fish's
behavior, motrvated by ita desire to cscape from the sun-
light, conssted 1o smmoing op and dowa the length of the
lide, bumping againet 1t here and there and looking for o
place to get through Eventually o would stuke the opaing
wad swim through to the shady seuon. Upon being replaced
in the wame mtuaton agmn and agan, the fish soon indi-
cated clearly that 1t had profited by previous cxporiences,
that 1 to say, 1t swam with leis and less Joss of ume and
fewer and fewer random movements dirsctly to the opening.
Thn cxpcnment wes repeated with 2 number of Osh, and
with sides contatning cpeniogs ae dufferent point. Always
the tesult wae the same, wiz, in cvery omtance the flsh
vitrmarely Jearned the trick of fnding and gecting through
the opening o the shde. It 18 clear from this expenment that
learmng, in the senks of kmple connection-lorming, n be
demonptrated 1 vertebrates rasber low in the evolutiooary
scale.

Io hin experiments wich chicks, Thorndike wied 2 number
of pens or mazes, one of which is illustrated in Figure 11
When 2 chick 1 placed 12 section £ of the maze, thers are
four postible exior At shown in (he drawing. If the opening
on the extreme right is followed by the chick to the second
torm, it will lead out of the maze and into an enclosure
in which are w0 be found other chicks and food The ather
three exite are blind alleys. The problem u to set how
it will take 2 chick to select the pathway which will carry
him gut of the maza. The behavior of 4 chick when firt
pleced in the pen resembles closely that of a fish which in
trying to avoid the sunlight. Taken sway from the cther
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chicks and from food, for example, aod dropped inta the pen
ut A, the chick mn3 back and forth, in and cut of the blind
alleys, peepn loadly, sod tnes to jump cut of the pen and o
squeeze through any avaslable opening, At length it wall
pick the nght ext by ecodent™ and get out. Pot back
again and agmn, for the firet few tnals the chick’s behavigr
i much 25 before, poon, hewever, v begins to chinunate
mielesy movements, soch an repeatedly entering the bhod
alleys, poul finally o can mun directly to the nghe exr.
A pood puture of how 4 chick Jearnn the trick af eacapiog
frem nuch 2 pen ws the ooe descnbed n shown o Figure 13,

To this figure the aeparate trisls are laid off along the
berzontal or X-amw, and the wme 10 teconds required to
cacape on the vertcal or Feaxw Note that after & faicy
long practce penod the chick will e directly 1o the proper
L

(1)

The wsk eat by Thoradike for b cate was to escape from
verious “pumle boxes,” the general cmstruction of which
muay be spen from Figure 13, These boses were 5o denigned
that estape fromn theen eould be effccted i on varety of
wayn: €g, by turmag 2 button, pulliog @ stoog, depressing
4 lever, or pullmg 3 wire loop. Each of these eteape mechan-
ismm, when operated by the animal, relaased a door which
wai at once polled open automateeally by & weight attached
to it. Oaly coc ewcape device war employed with the simpler
boxes; but with the harder ones, twa or more separate acw,
such as pulling a etring and depreseing @ bat, were required
to open the door. An expenment conasts 10 placing a hungry
cat in the box with £ small piece of Bah or meat lying jost
outside. This sinwation wnally resulty in immediate acority
on \be part of the cac Iu eoiey 1o creep through the slzo of
the bex; cluwi ut the bars of wire, thruste ita paws through
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any opening large enough; werks vigeroudly at amything
looae or movable: and o gpeneral gives a perfest pictgre of
impulsive bit-or-muss cBort to cocape. In ueme the apimal
neady alweys succeeds @@ operating the escape devies Chit-
ting the wire nocas or turming the butten) by secident, and
Eettiog out. It w then sllewed to cat @ it of the fish or meat,

i e
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and vmmedistsly meturned to the box for a eecond trial.
Donong this next tnal, and for tevecal enals theneafier, the
cac's plan of attack remamma maieh the game ax bafore; but
in sucoeeding trals 12 activity becomes more and more re-
atricted o the button or other caeipe device, as useless
dawingy sad Tungs are grad lirainated. Finslly
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the animal, on being placed in the bex, goer almar a2 onie
to the door, works the mehanism, and cacapen,

A cat may take vwenty or more rrials and an hour or s
e reach the point whers its eecape-responecs are prompr,
wure, and accomte. During this process, improvement is
pearly always quite iregular, the Aczpe time Sectamifiy up

w0
w0
-1
ilﬂﬂ
E 2
i,
L
2
o . i
T ¢ & B 10 17 41 W B =N
No of trala
Fu. 4
Lonngting C\IMMAC..\!
Th:umguhuby( nuhg uu!l.ll"w]“];:ﬂ h:m‘lgi
curve, ¢l lmlﬂ EL ] aloay
i A iy (From Thecssishe

and dowa wotd the act s well leamned; whereupon the time
becsmat furly regular, A leatning curve of the ume required
in successive rrials by one yousg eat to escape from w bex
kept closed by a ingle balt artached w a wire loop in shown
in Figure 14

In the Ggore the twenry-four separate trisls are repre-
scnted by cqual distances laid off along the borizootal axie;
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aud the time in twenty-second unite i laid of on the verucal
axiv. Note the jagged wppeatance of the learning curve in tha
carder triale 28 the time t finet langer 4nd then shorter; sod
the b of the perf bime as the car
laarns the trick. This graph 15 fmrly typical of animal per-
formance in neoations hke the one desenbed, and 15 & good
inatance of what is gearrally called “trial and-errar® learmag.
Buch learming begine a5 & vaned hit-or-miss procen agd eons
Tnues 28 such unril the successful revponke 1 hit opon, as we
wy, by aceident ® After thi, ehmization of the mosuscessfl
respomaen begine, together with & gradus! beilding-in of the
sncoessul reactions. The ¢at whose performance » abown
in Figure 14, for ezample, was evidently leaming in & slow
and pamataking way to reduce ita nacless activities; and at
the seme ume the successful revponse of puting the wire
Toop wan becoming more and more firmly established,

In by cxpenments with dogs, Thomdike used puzzls boxm
of the teme sort as these uned with cies. However, be uned
only three dogs, whose prate of hunger was not as great a5
that of the cata, and hence the results of thess sxperiments
are oot directly comperable with those just descrbed. De-
spoie this fact, the trend of results v much the same 1n the
two expenments. The dogs, like the cats, need the method of
trial aod erot in seckng to escape, bot oo the whole thear
iearmng curves teaded to be smoocher, indicating beteer ob-
servanon, a more planful atteck, perhapn, and 4 somewhat
hugher level of intalligence That doge fearn more quickly
than cats, and somewhat less quickly than memkeys or rac-
coan, seems to be the conuensus of investigatorns who have
worked with thess animale. However, aa pornted out by War-
den aod Waroer,! the inferdonty of the dog to the teccoon
or even the monkey in not certain, siace in many of the tests

1Warden, © J, and Warnze, L H, Sersory Caparner amad Fatoligense
of Bugs, weh u Bepart sn the dbaiey of the Noted Doy Fellrw to
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the dog is st u decled disadvaneege because hic pawn can-
pot 40 aaily manipuiate mechanical devices az can the digitn
of the raccoon or monkey.

03]

Experiments moch lke those described on dogs and can
were alse tarned ou by Thorndike upan three small South
Amencan moakeys. These monkeys were tested to sec bow
readily they coufd [sarm 10 operate mmple mechamcal de-
vicea 10 28 to get imto or oat of baxes. In addition, they were
taoght to manipulzte @ ample mechamsm by mesos of
which food could be thrown iato ther cage. The resulus of
these tests are interssting and quite definute 1n almoat every
instance the meokeys quickly learmed the trick—often at
an astoshing rate, far surpashiog o skil] and speed of ac-
quisinon both the dog and the cat, The mpenorny of the
monkey in geata of this yart i probabiy 1o be axpected, bow-
cver, amee, a8 Thorndike pownts out, they have better vision
than dogs or cats aod this, plus the fact that they bhave
fingers, would enable chem o manipulate semple contrivences
more easly than other ammals. Bemde these natural advan-
tapes, noakeys are more actrve end more curicus then othee
amimals, and are quicker o play with and mampulate mov-
abls chjerta.

(5)

In wpite of the evident supenority of the monkeys over the
other amimzls boeh 10 epeed and permanence of lezrning, they
exhbibit, azya Thoradike, no rezt undarstanding of, ner “sn-
mgbt” 1ato, the problern This is sull more sorcly troe of the
other animals. In fact, in pone of his experimentn did Thom-
dike find any clear evidence thar the anmal ever “thinks e

Rerpoad te Frebal St (uarierly Ravsrw of Brclogy (19a8), 5, Moo i,
138



Thorndike's Animal Experimenty $3]

way ouy” 16, obierecs relatoos clemdy, user "ideat” ar
makes imferences wnd compariscns, Perhaps this result cane
out most cleazly m a senes of expenments which inwoglved
choce and dwcritmbation on the part of the anmal. The
meonkeys had formed che habit of comung down ta the bottom
of the ¢age {rom thewr accuctomed place near the wop when-
ever the experimenier approsched wath food. Thomdike
detided to use this habit 28 a hasw opon which w buld vp
habier of discrimination i the following way. Whenever the
expenmencer pcked up food weth g left hand, the monkey
wag fod, but when he picked it up with bug sighe hand, the
muoakey was tever fod At another ume food wes goren when
a centain pentence wak repeated, sod wathheld when another
wae maid, or food was piven at one yuual ngnal (4 large
Ietter or geometncal fipured, and withheld at ancther. The
problem get the animal waa to scc whether, aiter having
learned to disenmunate herween the food and the noa-food
signals, he woald get the general ides  one samufur means
Jood, the other docs mot. Evadence of such 1omght or under-
standing tnto the muation rught be expecred to sthow ieelf
if, zfter weveral discnmunations of the lind descnbed, the
monkey perczived & new relwbion almost mtantly On the
other hand, if there were no clear abstracton of the principle
of choice tequired, the monkey might be sxpected to take
each discriminabion a2 3 new tagk to be solved by trial and
error. Thu would, of course, shew up in the lange number of
trials needed The results of these teart were not entircly un-
ambigucus, but ther geoeral impheaton ssems cleas, De-
spite the fact that the menkeys leatned the separate tasks
very quickly, apparently they never formed a dear concept
of what wan exsentially involved 1 olf of the taske in cerme
of which their futnre behanos could be governed.

'Thi re 10 infer or sbrtract the cesential fages fnvalved
ie n discriminutory act is shown more cleasly, perhaps, in the
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caee of a kitten teated by Thorndike Thie awsmal had formed
the habir of climbing up the wire netting of its cage when-
aver the cxpenmenter approached. Av one verbal ugnal (]
must feed thoss cars®) the lotten wan always fed, at so-
cthar signal (“1 will not foed them™) it wee oever fed. The
ohjext of the tese was 10 see how Joog it would rake the cat
to learn that one signal meant Jood and the other did ant—
that is, to discriminate oae stmulus from the other. After
a woal of 380 tnals, the cat finally learoed that one wgnal
wan diferent from the other. Thomdike remarked, apropos
of ths expenment, that it “chows beauufully the animal
methed of aequinton, 11 ac any aage the ammal could have
isolated the two idess of the twe scoseompressions, and
et thetn together 1o comparwon, thi long and tediogs
procegs would have been unneccesary.”

(6

Another liae of evidence aited by Thorndike 88 opposed
to the thesis that ammale think or reason 18 the fact that
there are o sndden vertical drops [n the learming curves
of b cuts, dogt, and menkeys. Sudden drops usually 1odi-
cate that the Jearner hay got che rck—seen the connecuom
or relations—and heoceforth might be experted to do 1t

iy wh the prevents sl Instead of
thu luidm mnght, what we veually find 15 a gradual slough-

of ezcesa and useless movements (ses Figures 12 and
T4}, with oo dear evidence that the mnimal obeerved just
how be got out or made use af this cbeervebon 1 future
trialy,

Thoradike's riew that animals learn almost cntirely by
tiial and ertor and bave little iadight into the problem at
band has recently been ateacked by che German peycholops,
Koffka (t524), who belongs to the school of Gestaft pay-
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cholegy. Kobler (rgzs), another member of the Gestolt
achool, in hin studies of learning in the chimpanzes found
meny innances of quick leaming which, be tays, indicate that
the ape suddenly grasped the relations involved in the prob-
lem.?* According to Thoradike, such quck learmng (which
presumably volves intight} v to be espected only when
the ek in “very sicople, very cbvious, and very cleady de-
fined®, whenever the probtem i st all complex, the animal®s
behavior, be thuake, may be fanly descoibed as “mupid.”
1o Koffka's view, on the contrary, the animal cxhibo io-
night or intelligenee whenever at is possible for it to grasp
the problam; etupid ervors, he waye, occur when the sk
asema mmple to ug, but 1 almoet sorely not ax a1l smple to
the ¢ut or chick Koffka argues further thee Thormdikes
puzzle boxe ger before the ammals tasks so defficult {for
the animal) that trial-and-error learging was the coly knd
posnbla. Despute the difficulty involved in these tasks,
Koffks points out inttances in Thorodike's own data of
wudden vertical drope in the learming curve which, he thinks,
indicate inught 1nto the problem.

Koflka’s argument for intelligent learning in animals can-
not be reproduced 1o briel space, and should be read entire
by the student.” Tt is an exceedingly keen and vearching crit-
cisrd of the mechamstic view which bolde that animals
alwaye Inm wupidly in 2 Iuwm-mau i'uluon watheut any
real of the

r of the relacices
iovalved,
If it aeema probable that Thorndik haaized the
aimlessnens of animal Iemnng, pll‘lly, no doub:, [t ruuk
of icular set-up, it is y just ax probabl

the mulghl shown by Kchler's apes is also the resalt of thc
Innd of preblem et Kobler's chimpanzest werz assigoned

Sec Chap. I, 0 agb-rig
'ﬂ- irpmth of phe llwi (o), po 1y
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very different tasks from thoes required of Thordike’s mon-
keys and cats, and for thin renson the two sets of rasnlts are
oot directly comparable. For one thiog, the chimpanzees
were pven much freedom, while Thordike's ammals were
nearly aiways confined. Examples of the lind of tasks sct the
chimpanzees are (1] securng & banana quspended from the
cahiog of 2 cage by piling up boxes one on another; (z)
veaching for aod pullmg into the cage o banana placed our-
side by ingewiously hooking togecher two sucks. Maoy ather
tatkE involving roped, sucks, and the plhog-up of boaet were
sct before the monkeys {sea Chaptar z1) In such situations
audden learning might very well take place, of the ammals
are intalligent to begin with (na Kohlee's chimpanzecs un-
doubrtedly were} and if the task in not too diffecent frem the
kind of thung which the ammaly babiually do Az Sandi-
ford (1508) has pointed out, toq, all of the learing i zot
shown ip the fuctuanions of the learnng curve, A sudden
drop in the curve may be | ded by a fong trial-and
process which it oot represented, as when a man suddenly
“scca the point,” after 2 long, tedwus, and bungling cffort at
solution, The chimpanzee who suddenly doed a wrick which
he could not do hefore has not mecessanly seen through it
in & sudden buryt of camprebension. Many tencative trials
and armors oot ahown i the learming curve nor seen by the
eapenimenter may precele the sojution,

4]

The atatzment that animals show lttle evideuee of learning
through i usually p k 1\ nod stroog
protest from champions of anmal [ntelligence, scrustomed to
discourse at length upon the marvelous performances of their
peta. Yet Tharpdike's results peint strongly to this conclu-
sion. When a cat, for insteace, which bad not learmed to get
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aut of & puszle box was allowed to chaerve ancther trained
cat, it mpde no difference whatever m the fitet cut'’s behavior.
Nor dud it make any difersnce when an untrained cut was
placed in the box with a trained cat and alipwed to escape
when the recond czt opened the door of the cage. The up-
trained cat atill ysed the old hit-or-mies method an before;
there wes not the slightesr evidenee that learntng had heen
apeeded up through imutation, This seme tevult wea obtaacd
in gimlar expenments with doge and chicks, Even menkeys
who had faled in their sfforts to operate some simple mech-
aRism were unable 1o do it alter baving seen 2 mookey or
the expenmenter do the tnck many times, [n ont case a
monkey wan shown fifteen conserutive times how to gpen
4 bex which conta:ned food (the door was held shot by &
aimple lever). Ar the end of the wrammng perod, the mon-
kcy's efforts did not differ eseeotially from hae previoos at-
rempta before twnon In summing up e obeervavens on

dike writes, “Through all the nme that
I bad my monkeys under observation T never ootced in
their peperal behavior any act which seamed due to genwne
imitation of me gr the other persans abeut.”

Oae may well inguers-—ii these observations arc accepted
—why tonkeys are so generally believed o be accomplished
imutators. Thorndike's answer s that mookeys, being active,
cunous, eod p d of a rep of much
like gurs, will inevicably do many thinge which seem almoat
humen. He writez, “If you pat two toothpacks on 2 dieb, take
one and put it in your toouth, 2 monkey will do the rame,
nat because he profits by your example, but beranse he in-
stinctevely puts nearly all small objects ic s month. Be-
cayes of thew geoeval actaty cheie snatinenve icopulses to
grab, drop, bite, rub, carry, move about, fury gver, ete., xo¥
oovel abject within therr reach, thew constant movement and
asrymptien of all sorts of poscures, the monkeys periorm
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mey acts like cur own aod simulete imitation to & far prester
extent than other mammals.™

It sbould be sdded before leaving this topic thet M E
Haggerty (1910} has made vome obuervaucms ¢n leatning i
anthropod apes which scem at first glasce oppesed to
Thomdike’s conclusions. Doe ape haviog learned to get food
out of a leog pipe by pushiog it out wath 2 suick, another
animal was ser to warch hum do the tnck. When the second
animal was allowed to try slone, he at once took the stck
and put i 1070 the pups, but palfed (tnatead of pushed) the
food in ta bimaelf. Thie ia hardly tmtaoon i the ordiary
senne of reproducnon of ancther's actiona, bur ja rather in-
telligent observation Haggerty made only a {ow testy, and
sinee hix two amumals wers arang-cutangs [highly ingell
manlike apes] s obsecrations are hardly i conflict with
Thorndike’s statements ragarding the lack of ymutanon 1o
lower orders.

{E)
Thorndike bz lad down five pooaples which serve to
characrenze ammal lerming as he obeerved it These are a3
fedlawn

I ﬂiukipl& Rexponse, or veried reaction to the szme ex-
rernal sivatwn, This smply mesos that the ammal brage to

bear all of the i and leamed reap of which
it 1% capable when faced by a oocw problem which 1t does
net fully und do Ir in the e of wrsl-and
learung,

2. 8w, Attitwde, or Disporivon. Bet, or atutude, w the in-
ternal “dave” or condison which predupores the ammal to
1 particylar bond of behawior rather than spme cther kand.
A bungry cat, for czample, will try bo cacape from 2 puzle
box if food m cutside, but @ well-fod cat i usually content
10 reman quist unless myuch frightened or dinturbed.
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3. Partial or Purmu! Actriry, Av learmiog pmueadn. the

animal d waclesa and il move

ments and confines its activitien o those ohjecta or details
whil:'h bave hitherta proved to be of value. From u randem
and airaless acuviy, the animal'y cfore become wore re-
stricted, partial, and piecemeal,

& Aramdaion or Analogy means that an gnimal when
put 10 & bew and strange situatwm will draw upom tove-
mepts which have been employed in like or vomewbat like
situations.

5. Arsociative Shiftmg Thae privciple is now generally
known as thac of the “conditigned respomne.” 1t means that,
in time, the animal wll shift his reponse from the genernl
vituation, bex or maze, to wame element or detad] of the total
whuch peasaras value, or from the ongmal somuolus to some
fact associated with . Qrdinary amimal trcks by the soore
furmmh illustravions of ths prnaple, The cat taughr fimt o
pome when & saneer of mlk e beld in the hand will after 2
few umes respond to the kight of the empty taucer or to the
pericn wha does the ferding. Io like manner 2 dog or menkey
tan be teoght to st up and beg when 2 command ooly s
given, while it 10 said that bears are taught to dance 1o music
by bewng placed upon hot gnlle while music iy played Shif-
ing of response from ooe stmulue te ancther, or from the
rotal Stuatien Lo somve part of it, cootmously expands the
animal’s range of responses Thu increase in rangs of re-
spanec is of Fundamentsl importance in human a5 well ag in
azimal kearming (sec further pages g7- |ao)

Cne of the mosr striking ;i of ngly ionellip
fearning in an azimal, which i erpleinable in terme of 4aso-
ciative shifting or the coonditoned response, in that of the
famous German horse, Qlever Hans, Iu 190t Hee, a five-
year-old horee, wan trained by his owaer Herr von Osten mo
answer gquestions and acive problems. A letrer eystem was
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comstructed of & tumbered chatt to enable Hams to anywer
questions: il the Istrer m, for example, oocurred o the foorth
vertueal colome wnd the serend bonzontal row of the chare,
four teps weth the Ieft hoof and twe with che nght meant s
In aclving nomenca] problems, taps with the rght boof
meant units and taps with the left hoof meane tene. Thus 53
was represented by five tape wich the lefy hoof and threc
with the nght. By means of these khemeu, Ham Wil 1b1e
e solve problemy and anzwer g
mﬂdeuble intelligenre. The wide wnterest aroused m Hang's
pedormance ied finally 1o hit beng cramnsd ot aycoeasive
titwes byt commiasions, A& peyehalogiat an the secad com-
mussion nemed Pluoget apparcody solved the mystery of
Hans's anwwers, He showed that the horae responded to in-
woluntary *cues” or mgnala given by hin traper, such as
slight {wpproviog) movements of the bead, chaoges in facial
expreanon, and the ke Thas if the anawer to 2 problem
were 68, Hams would count repidly wath s left boof uanl
wome emal (and probably unintcnuomal} sigosl from hie
trainer warned bem to stop and begin with the ather hoof.
The trainer, therefore, was the subittute stimulue to which
the clever horse responded

Hans wae [ater acquered by anather ewner and became
one of the group of lamous Elberfeld horses. One of these
boreen, a0 Arabian named Mubammed, was reputed to be
uble to extract wuaze and cube root beside performing the
sirnpler arith ioqe of addwion, subtraction, multi-
plication, and diviman. No sanefactary proof scemn 10 have
been brooght forward to show that thess horses were e
sponding to cuct, but tuch secme undoubrtedly to have been
the case. Av Wabburn (rg26) posots oot, these borses
learned too quickly to parmit of woy real understanding of
the problem; they took no longer to sdve hard problems
than easy cner; often they would bagin tapping without sven
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glsmcing ut the problem tet up before them. Again, the kind
of mistakes roade wre not those of an intelligent caleylator:
common errors were reversals of figures such an 36 [or 63,
o errors of ooe unit such we 26 for 25, These errors migho
eanly happen if the horse temporarily confused the left and
nght hoof of faled to stop tapping quitc soon cooogh. AT
of the evidence, then, w decidedly against the opinion that
performances (such 2y these) orf dlever animals really inde
cate ir Seal geniun or 1l of & uph order
Such “stunts” do show, hewever, that anumale are cxtremely
clewer in picking up very shpht cues and signais not readily
chserved by anlockers, whe, of curss, are nat watching oot
for them.

All of the principles outhard in this ecction apply with bot
lide medificatron to human ltarmng When placed in a
torally pew atuanon or faced by a complex and hitle-under-
stood problem, the behavior of a man will, at Gret, differ very
tirtde from that of & dog, cut, or monkey. Him acuvity o
lergedy of che trial-and-error type, as he deaws upon the
rosnrvoir of his past exprnences for a possible soluoen of
it immedate difficully. After 3 nme, however, diffierenees
eppear which are yavaliy suficienty great to provede o dis-
finct gup hetween the thngs wiich men and ammals can
leatn and the rarer st which they acquice them. Very som in
their learning, oiten at the very beginpiog, men begin o
reason or think, e, to use ideas end verbal formulations
Alternatives are accepted or rejected symbolically, Tather
than by concrete tral, princples are peresived and applied,
mllghr. inw the problem s gained

A good allustration of humee fearning in eituations which
art roughly snslogous to Thorndike's purds boxes is 10 b
found in the experiments of H. A Ruger (1910). Ruger act
cut (o discover hew quickly and by what method men and
women learn to eolve difficulr Chincse ring puzzdes. Hin




12 Great Experiments in Psychology

learning curves at the beginning look very much ltke those
of Thomndike's cats, dogs, and chicks; bot instead of the
irmegular rive and fall obverved i amumal lmarning curves,
sudden drope often appear later oo which, according ta the
nubjecwy’ repor, occurred when insight was had imeo (e
mechamcal featerey or prinoples of the puzde. Buch wod-
den dropa were rere m the learming curves of Thorndike's
awmale. Since animale have no language, presumably they
do not reason or thisk things our aymbolically a0 man does.
The ability ta formulate general prinoples, evolve concepts,
and educe relations of a symbole kind would thus jeem to
be wnctly 3 humen sccomplshment.

7]

Dut of b cpenments with anmals grew Thomdike's
two [usdamental Jana of lezrnng, ehe faw of rxeroure and
the lag of effect. The law of exerciae, which s often calisd
the lnw of habut-fermation, has two parts, ooe of which 13 the
complement of the other. The firsx part, the fate of wse, may
be wmply stated s follows: When a given sityanon e fre-
quently foliowed by & centain response or group of responses,
the bend or liokage between the two becomes stroager
through the exercive so cbtaned. The cppoeste of (he law
of use 15 the law of dirure When s given aituation 1 nrdy
followed by a certain reipons, the in
its degree ol weakness dzpendmg tpon the amaunt of dcg-
lect The law of use 15 clearly shown in the learning curves of
Figures g and r1. When it has ooce learned the knack of
escaping from the box or pen, the mevementa of the chick or
cat become famter and amocther the more often they are
repeated.

Numerour applicetions of the law of exercite to humen
learmng will at once come to mind, Learning w wvkate,
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deiwe am wotomobile, and In ron a typowriter are oattery
of pettiog the right movemou in their proper wequense jine,
and then rebearning them unal they rm aff rapidly, Enoothly,
nnd necurstely Thw 3 tren alic of the morc mestal por-
formancor. Thue in order to leern wall 3 French wocabu-
Tary, & pocm, or 3 st of matheonatical formulon, it i nees-
ATy b capase (exsrvisa) the dememrs In thar Aghy onder
regularly and nfven.

ader tha Liw of enerciss baloog sevaral auh-laws o ool
lynes whach resddy follow from v Theae are the b of
Jraguency, the late of recensy, and tha i of proviness, m-
Lrxray, of iuerens, Tha biw of frequescy emphasios the
tnmulatorn effect of wpetien of tepated bamug, Im-
provement in a goven funoo o woally fdy apd
A ar & ekt of comtoned exercine @nd offort, Soooer or
Inter, bowewer, the plymplogegl lisit is reached, bepood
whck additoes] repettons have bitle brochioul afect, Thae
w  true of lcarumg posury o the maltplicanon wmble 2
#t iv of learnng o akate or danes; continoed applicanon i
TMCHLATY Up b3 o ceTtamn paiet, bat after thax o b probably
of little value (wes Chapisr 1, page 58).

The latr 5f tecrucy refemy w0 the tommonly chactved fact
that petformances mirnthy bearned or practisal 1me vmoother
npd lon mubject to oror then thos voprecd for ome
time Minct bovy wdubts, for invtaocs, have completely for-
gottrn the alyebre and Laon learned 10 hagh schoal or callepe
{malcen they bappan 1 be tanchers) ; but they ramember the
wocemury deealle of vhest hunnsss of profetson. The neg-
arve ede of the Lyw of moency i ooversd by the Lo of
Ernae, Actwitios omgz leamed bt got recently practived
tzad to deterorste with the pimizg of Sme {wo Chapter
3 paga Egl.

“The law of weldarcr or fatearity means that acdhre and
interesied actonty i more hemebcial than peeirs amd par-
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functory repstition. If the learner sets out vigorously and
with determination 1o lears 4 given ek, o he baz, ar Wil-
Liatn James puts it, “the wall to learn,” he wall progress more
rapidly than if be sumply sits pastrvcly, hopmg thet eome-
bow the denred wiormauon wall sink in. The law of wnd-
nemn will explan why & boy learns b Scout Manual and
the fine points of baschall more quickly than he lezroa o
play the piane or mate bis Sunday-schoel lenon.

All of these principles of learming are well Jlustrated in
modern adverimng Ower and over again {[lrequency aad
rocency ) by newspaper, magazne, and flashing elecrric ugn
[vividness), we are told sboat the merits of some particular
oparctie or tooth-paste As o resuft of this bombardment,
oot of us have become familiar with the namer and slogane
of many arncles and “brands” and this very familiarity pre-
disposes us 10 the purchase of these products. In the achool-
room, too, the operanion of these lawy may be readdy ob-
served. For cxample, there must be drdl and repention
[froquency) ; constant neview and recitabon [rocency); and
ftpally, the atrempt in made wo relate the subjece-mater of
mathematics or Lterature in ss many ways a8 pessible to the
everyday needs and interesss of the pudent {yirdness).

(o)

‘The Iow of #fect may be stated most smply, parbaps, as
follows. When a response or senes of respanses leads 1o sue-
€85 oF W & watisTying $ate of affa, the connection berween
the atuaton and thie responne is atrengthencd, while other

not o f {Le, ng) are kened
und bence rendered lese probable of The law of
effect 10 seally prior to the law of exerciee, mnce it explaime
kow the mrcorhul msponse came to be selomted 10 the firat
place. Thie is cdearly ewident 10 thete instances of ammal
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lenrning which we have cited When a car, for example, in
lesmaing vo eecape from & puzzle bor, makes a varety of
reaponsoce most of which moe wicleks, one might elpect from
the law of exerce alone that off of these responees would
be equally bound up with the stuatos *trying to cecape
from the puzsle box ” Henee, 4l would tend o be repeared.
Instead of this, howewer, the succesalul reaponee, camely,
pulhing the loop or turming the butten of the cage, soon geta
the upper hand, while the useless responses are dropped vut.
Reference should ba made agan 1o Figures ra and 14 Noge
how the escape of the cat or chick becomes [aster and
smoother as the animal goes move and more promprly to the
proper exit. The succensiul response—that it to ey, the one
which leads to feod or comrades—once having been made,
cxermse soon snables it to supplant the nem-satishying reac-
tions, Gates (1gap) haw given a striking iluecration of the
law of efect which 13 quoted here with some wdaptatbon.
Euppose, he saye, that five care have besn taught to come e
the call “locy, kmry New, suppess Later on that, on bewng
called, cat oo 1 is given food and ia petted; cat oo, 2 s
petied oaoly; cat no. 3 i totally dwecgarded; cat no. 4 i
sprinkled with water, and cat po. 5 i doushed hegyily with
water. What will happen the next time these cats are called?
The woawer 15 casy. Cat oo 1| wall come quickly 2nd prompthy
when called; cat na z wil probably come, but not so
promptly, cat no. § mey come, also, but still lese prompily;
Car Do, 4 tay try it ooce more, but if sprickled sgam will
worely gove it up, cat po 5 will not coly fall (o come, but
{if he in an intellgent cat) will mm o the opposite direction.
Here 1be end-cfiect—what happeon to the car—ie the pn-
mary factor in guding behanor,

Thorndike's law of effect hay not escaped criviciam at the
hinde of other expenmenters. The mest Erequent objectioa
wenmy 1o hinge on the dificuley in nesing just how the satis-
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faction which comes efter the successful response could pot-
nibly work beckward &0 2t te “samp ™ this one reiponze or
make it more probable than some other. This problem s
rrally the fundaroental problem of learming, since it deals
with the banc queston of why we retasn some responses aod
drap eut others, It has exared nvestgators Jor thicty years
or more, and bas been pubjested w analyms from many
pounte of weew* A eimple practical ezplanatoe of much
learnimg i thet the suctessful mipimse (the one whieh »
rewaned) and che resulung satifacion often oceur wogether,
or 30 nearly together a to be cesenbally part of the same
process. ‘The f and the f;
‘which they bring are io closely agsnciated—n time or apace
or through theer relatively greater mtenwty—that the swe-
coisful movement comed 1o “mean™ or “wand for” the sat-
isfywg eflect The substieation of coe respoose for ancther
and che Inkmg-up of the second or substtute responee wath
the ongnal siuavon through repettion i3 sunply the prn-
ciple of the condiianed responee over agun In many cases,
therefore, the condmioned response and the laws of exer-
me and eﬂ'm ars raa]]y o ways of dexcribung the same

Of the thae of the condi-
t:om:d roipomac i3 pethaps the lnare romprehensve and
general.

{ri}

Tf smtisfying stares are sienply taken m general to mean
those which lead to potve approach-behawior, and annoy-
ing staces are those which predisposs to avodance and re-
treat, the lew of cfect would scent bo be adequete to cover
neardy sl lewrming as we find i i & praciical and uader-
standible way, ie, to caplin why some responses are re-

*PFor a review of vanoo aitenpts st ohition, ee F A Form and I
B Flan's Prochobiy, I Meckods and Proveples (1935, pp 208249,
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tained and some are not 1f the results of our behavior are
pain, pomehment, sooal diapproval, regret, xod faiure
geaccally, certainly the acts which [ead up 1o such anooyiog
wtates are rarely repeaced by the normal person On the other
hand, reaponaes whuch boog food, comfort, undly treatment,
pranse, and succems will most probably be repeated and
through cxerciie become more rapid and mere cerun Io
thoae cases 1 which learming talies place where there e ma
obeervable ! but cven indiff: or sctual ao-
noyance, it 1@ often true thay behawor of wbe opposne sore
would be stll more dmsatmiying. The boy who dunfully
practises bis musc lesson often has an oltenor motive which
18 not wholly weonsiscent with the [aw of efect, And it i
probable, too, that the bic of a martyr is not endirely deved
of satikfaction.
I often happaru, of mm, that the end-result, i |.e., lhe
effece, while p to the
concerned, is wu.n]]y tojurrous, or s socially disapproved
or toorally hurful. Numerous examples could be broughe
forward ro dlustrate thes sitnation If a baby w0 fed or
carzssed whenever it cnes, il the small boy 15 gven money
or candy whenever he whines or reaten, and if the bully 1s
applavded and feared by the ciher membery of ik group,
such unfortunate behawvior, becavee wtnfying, will tend to
pcﬁm.. To change or alter o, Lhc end-effect must be mada
Socal di I, 1the withholdiog of same-
thing valued or desired h}r the clu]d mild pumshment, or
1he subsuution of new soierests at once natwfying and more
healthiul, are commen methods employed. Prizes, medals,
the honorroll, and other forme of approbation are seme of
the tradimomal ways 10 which the school has uolieed the law
af cffect. The modern school hae $21 a3 ita ideal the maling
of the results of industry and appliation seem worth while
in themselves to the child To reach this end, it strves o
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get the dmired responece and then through exarase to buld
theen i, This 15 the fundamental probletn in the psychology
of loarming, and i involves essentially the [aws of sxercne
and effect.

Supgested Readings

1. Thomndike's cwn account of his animat sudies will be
found most comvemently 1 hin Amimal Futelligancs
Experimental Stwdier, 1911 ediyon For bus laws of exer-
ciae and eflect, see Thomdike, E L., Educationd Pry-
chology, Brafer Courre (1014).

. For a short account, of the hutary of animal prychology,
see C. J Warden's A Short Outhzr of Comparaitos
Prycholegy (1927).

3 W Raohlers T)u Meneality of Aper (1pa5) containe

an iateresting desrniption of the authar's expenments

with chimpanzees

A clear dincustion of the lawe of leaming wil! be found

3 P. Sandilord's Eduratronal Prychalogy (1928}, For

the educational 3 Jﬂjcllmm of the lawe of Jearmy Iee

A l";. Jordan's Lletwud Psychology {102E],

ter V.

FS



Chapter &

THORNDIKE ARD WOODWORTH'S EXPERIMENT
ON TIIE TRANAGFER OF TRAINING AND
ITS INFLUENCE UPON THE DOCTRINE
OF FORMAL DISCIPLINE

[£3]

THE doctrine of formal ducipling i the time-honored
vicw that by hard stedy aod applcavon the fber of
the mind becomes toughened Like 8 muscle, and that, 21 a
Afrscr result, coc's “powers’ of aticnuon, memery, ressoo-
ing, aod the like are kel hened and .
Adveocates of thue beliaf will cancend that a boy's “reascaing
wbilary,™ of tharoughly crained by the solving of qumencos
ariginals in geometry, i theoeby better prepared to bhaodle
the knotty problems of bumness sad professonal bfe later
an. In ather words, the traneler of traming from ene activiey
1 ancthee, or the xpread of improvement, iv conceved o be
broad and geoeral, Oppoted 1o thit eoncepr of geacral mimd
traiming inherent in the idea of formal disciphae in the view
that tranefer of aequired skl or specl traimog is relatively
opecific and oerrow; that teaining, for example, in the dotics
of n department wiore salmeoan will carry ever or benefic
ancther achivity or purkwi only im so far a0 there % &
simianty of method or material bétween the two. For many
years & controversy, whach js stdl very muach alive, has raged
betwern these twe oppoting views

Historally the doctrine of formal dmcipline owes it ori-
gib and wa present-day survival 1o two well-intrenched be-

a7




128 Great Experimente in Psychology

liefn. The first is the view that und in made up of aumereus
dimine powers or Tacultiee—the so-called “faculty prychol
ogy"; the sccond i the dea that ditciplme is the esscntial
function and even the maun duty of educaton. Accordng ta
faculty peychology, mind 18 anaiogous to 2o mtncate machime,
the vantes partt of which correipond o the facalues of
chservauon, memeory, reasoning, judgment, wohwen, and
the hike. Experiences are the raw materal fed ioto this mind-
machine; here they are waghed and emimated by the lagulty
of judg ged in logical eeg by the faculey of
reenoning, lnd stored away by the faculty of memary. With
Traming nnd long practice the mind takes on strength, ag:llr.y,
and and these ch are

hlbn.ed m sl sorts of steations.

‘The secand belief, that of the disciplinary fuaction of edu-
cation, grows directly omt of faculty peychology. It is deeply
moted, too, in the merehiste view that whetever i difficalt,
by virtee of thet fact dlone, is valuable in the remog of the
chitd's mind. Thia view is asill widely pravalant to-day amoag
scheol people, although it in shomng some ngns of weaken-
img. It has long been a cradinoa thar ameng school srudier
Larin and mnthcm.mu are especially valuable in Lﬂ.lnlns the
powens of and presision. Tt is in-
Teresting to trace the growth of chis he[m‘ o b disciphnery
value of Latin. For many yrars Latin was teoght a3 3 very
necessaty wubject for priest and men of learning; later on
it wat audied for ite cultural value io contradistinetion ta
the cften despused language of the commop pecple To-day,
when ftx chief use sscman to be in fu.m:ahlns mscniptione For

nd in d college diph 18 valus has
become largety discsplinacy. Thus, ity value in disciphmng
the mind secme to have grows greater aod greater ak ity
utility became Icn 2od less. Much the same thmg in trus
of certain b of i Th ds of high
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wehool boys and girls mudy geometry to-day, although sn
almoet neglpble per cent of them will ever uee it o later
hie Its retention 1o the curticalum 1% bawed upon itz alleged
value 1o traiming the mind in prectaran, io judgmeat, and
Jogacal ceseomng,

As we aoted above, the view is null widespread among
educators 1hat an wndisdual bas 3 mind which posscases cer—
tain powers, and that these can be trawmed and dimcploed
oaly by hard and not always soiereaing taska. The Tollow-
10§ quetations,! some of which are not more than (wo dec-
xder old, will skow how strong end orthedox wa the belfsf
in the sepedior diseplinary value of certatn cubjects. ‘This
dectrine, it must be remembered, 13 based implitly, if oot
cxplicitly, upoo the faculty peychology.

“The study of cbe Lattn language itee!f doer croinently dis-
eipling the farulhes and aecace to a greater degree than that
the other subjects we have discuseed, the mnmm and
growth of those mul.juah(m which are the best prepara-
tion for the business of life—whether thar buaines 13 to
consibt in makimg fresh mestal goquitrtions or in directing the
powecs thus srengthened and watured, to professional and
other purmwita.” —Lertures on Edysarton, by Joeeph Payne,
Vol I, page 260
et valuable thing in the way of disoipline which
comes from the soudy of & focagn language i its influeace
n improving the pepil’s command of hie own. OF oowree thie
meacs the mp in general jodg nod discrim-
newon which is wmnedol;y  finer hrguistic serse’—Merk-
odr of Emﬁﬂug the Modern Languages, by E. H. Babbe
f#]
pa%w value of the study of German *lics in the sdentific
study of the language itaslf, in the consequanc trainizg of the
reasoning, of the powers of cbhsarwation, comparmon and

“The B3t forr s wken fom B L Thomdikrys Edweatead Py
chalogy (1pe3), Yo IL pp 2fee36l For the fith, I wm indebied W
Prolemor Putnss
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:Emhan, o uhoﬂ, in the \lg“. 3 :nd ot
LA

acientrfic intallect. rackmyg

gus&n by Calvin ‘I‘hmmu
e speak of the dlulplmlry ltud:u . hi\rmg i our
thought the math -G ] ra,
and geom the Latp-Greek texta ard gr:mm-ro, the
clements ﬁngluh or of Fremh or of German. . . The
raind taken fber, facilicy, sorengrh, ndapubi]:ry, cenainty of
touch, frem handliag them, when the teacher knows his art
and ther powar. The eal - . . should give _ . | slastieity
of faculty wod breadth of i Dﬂl. 5o that they sha]l have a
nurplns of mind vo sxpend *—Woodrow Wilsan, in Scieare,

1901,
i zxf the foreign } contobutes in an
unusuil Jegree w the mlkmg of ml.qmltwna]!y mmd?d-.
broad thinking,
atizmns "—Morgan, B Q, Thr Flact o Mnd'm Foreygu
Languagar L. # American High Schoet, School and Society,
Fch. 1B, 1526,

(2)

The medern wiew of mental crganzation holds, in eppo-
sition to the faculty doctrine oudned above, that what we
loosely call *mind™ conmsts of more or less cosdy connected
behavior tendences, and thay uransfer of improvemens aa a
renult of apecial traming takes place slmost exclusively among
relaced actritien Actrvities may be related through simdar-
tes in form or in procedure and method, or through sdeori-
ues in content o matersal Thus a koowledge of Late wll
undoubtedly aid coc to learn Spamish more usl]y, while 2
lumw[zdge of mathmaticn is indispenasble in eogineeray or
phiyeica. B gained 20w J chemist
with oae concern wull unully enable A man the more casily
to perform hia duties with another frm. Added to chan Tarcly
wpecific trankfer, there is almost cenasnly some peneral carry-
aver growring cut of soch broad factors 28 & common [an-
guage, defizive reles of study, habis of oeatoess, care, and
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thoroughness, quickness in readmg sod wnting, aod the
like. Buc wuch general transfer i very much sroaller than
thet esaumed by formal dieciphoe.

The ewdence agamnet formal disciplne and the faculty
prychology comet [rom (1) everyday observation, {a) from
phynclogy, and (3 and chiefly) inom expenment, In the first
place, we all beheve mn u certan amount of granefee—bur 10
a ¢t amount wuly The able luwyer is made a judge, and
the active yourg executive becomey 2 general maneger. But
the engincer 13 oot made bealth officer, ner w2 movster or
phynician put in charge of buillding bndges. In ocher words,
commen sense tella vs that special teatping canaot possbly
prepars 2 man for all sorte of vocanons sor make hity an
expert in all branches of knowledge 1a fact, snking inetances
of the eppourte are found Al wo often the eminent soeanst
gives opimens on thealogy which are mimply banal, while
the highly tained mathstmatician 15 rarely mere loguws] ar
rational in yelectmg an rutorcobile than b hos less gafted
neighbor. In other worda, there w Iitle evidence from every-
day lifc of genersl mind trimng.

The pacudo-science of phrenclogy fa closcly rg'lat.ed a
faculty prychok on the physological side Fh
taught that the differcnt faculvies of the mind bave “seate”
n speofic parts of the brun, and that thew respective de-
velopments can be ettimated from the "bumps” or prom-
neaces on the skeull, Phrenclogy it no longer vaken senously
by scientfic men, but, hke palmmtry and graphelogy, bas
descended to the level of @ parler amosemsnt. Phynologpsts
who bave studicd the braw and the nervegs syarem have
found o evidence of nervous centers corresponding to the
ullcged phrenological faculties. They have been able to map
out an the cortex geeral semsory and motor areas, a vinmal
atex, un auditory ares, and an area for taste and smell. But
no cepters for such facultics as judgmeet, chrervation, voli-
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fur-oi—G:d. of caneeatration bave ever been found. Ta
the pr ¥ P Jogast the term for In-
atance, instead of meanmg a power or faculty, v eimply a
name to describe reaponaes which are ahke ;o beng marked
by a bigh degree of otenmty Such responsct may fall wneo
tmany categoried, Trom upon @ pk ta
contentraton tpon a boung match. 1n short, what » man
concentrgtes opon a8 depeodent upom e sgm educatsom,
spetial interests, and ARG, ROT UPOD A mpNRRROUS “power
of concentration™ which sxists per rs
The expenmenta! sttack upen the quertivn of genetal ver-
auE spcuﬁ: wranter ui ITprovement hu been made by
d in the th ieal problem of meatal
urglmz.ltu:ln at well ae by those intereted in the educational
akpecty of the tranefer problem. Upon both of these quer
tions the lshoratory studies of transfer have thrown much

light.

&}

The At cxpenment upon the problem of tansfer was
reported by William James i1 about 18pa. Jamen measured
the time required by himaelf and fope students to memonze
selections from ¥cror Hupo's posm the Saryr, before and
after training with other passages of postry, for examgle,
Iiees from Parsdue Lot or [rom certam of the German
pocts. Alver memonzing a given paisage from Hugo, cach
subject spent sbout twenty munutes per day for 4 menth
attempting to tram s memory with other selections, after
which he agein memonzed passages from the Sacyr. On these
fizal veats, three of the subjects showed slight mprovement
over ther first records—averaging about 134 per cent—but
the other two were slightly worse than before trainmg Thin
expenment of James was inadequate in method wod meon-
clusive in repult, but o povsesses heptorical significance, tines
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it sarved the experimental attack upon the problem of the
extent of tranefar through special peactres. A later and hetter
coatrolled expenment by W. F. Dearborn (rpro) om che
wame tope of memory trauming should be mentioned in thia
connection. Dearborn found transfer of from 0 to o per
cent 2t & resule of specral practice with matenal of 2 some-
what ke nature This percentage of trangler was by no
means w3 great, however, an the imprevemest shown ic
iearmng the materal upon which Dearborn’s subjects spe-
ciiteally practieed.

The moat mgmibcsnt of the early attacks on the problem
of transfer wab a senies of three vudier by E. L, Thorndike
and R. 5. Woodworth (rgor) in the field of dusnminanon
and perceptinn. These cxpenments furoished che firat really
emct and quactitatrve evidence agaest the doctrioe ol
formal discipline. The infBuence of the tramng received 1
one kind of percepuon upon effinency in other related ac-
uwities war wvesugated by pracumng five wo siz subjerts
{1} in estimating the areas of vanous geometric Sgures, the
lengths af hnes, value of weight, and 3o forth, and {2) 10
obrerving designaced woa-dl or letters oo a prmted PagE. In
the firet ecries of those on semaory o
toa—Thorndike ll\d ‘Woodworth traved their subyects in the
abiley to siuimace the arean of rectangles aod ether geometn-
cal figures Before the trawning or practice perod, aod agan
afterward, the subjects were tesred for thesr accuracy in eati-
maring the arear of many otber figures, eg, rectangles,
circles, tnangles, and trapezoide Some of these Spures were
different 1o shape but mmilar in size to thote of the training
period, etbers similar o shape but different in ize, sad adll
cthers diffarent 1 both mize 2nd shape. From che records be-
fore and sfter practive the cffcct of the intervening traiming
period upon the accuracy of dscmonation was then deter-
mined. If we [et I'T = mutial toat; T P =training period;
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aod F T =the final test, we can tepmicnt the experiment
dungrammatically we follow:

IT—TP=FT
Dunog the training penod (T P) of the principal dwerimi-
naton exp the aubjecin practised m cstimating the

arcan of rectangles of ten to 100 square cénbimsters 1o wize,
in every case carefully chesking the accuracy of thewr resuin
unttl they bad acquired marked profioiency at thie task. The
improvement, as measured by tests goven before sad afer
that trmnwg perod, made 1 exumating srean of the same
#7¢ ap these rectangles, bur of different shape, wan abour 44
per ceot an large s the improvement shown m the TP,
oamely, i ssumating arean different i nze but of (he wme
shape, When the subjscts wern tested wach figuren of the
same ghape bot somewhat lamger i mze (cg., vectangles of
140 to 100 squate cenumcicrd) than those used in the
wraung seriey, the improvement was coly 3o per cent as
great an in the T P. Very probably this low figure ia party
w rezult of conlusion 4nd ouech: dus w the sl n
shape of the rectangles in the two aecies. For areas differenr
in shapr and larger m sizs {140 to 400 aquare centimetern),
the mprovement i accuracy was 52 per Cool a% great a% in
the training series.

Thorndike and Woodworth mext trained their subjects In
extimating the leogthe of lngs ¢ to 1.5 ioches long untd wa
improvement of abowt 2§ per cent wag nated. Tha trawnng
period duced little ar no imp in the i
of hoes s to twelve inches long at shown by tess given
before and after the practice pened. Nor dad the training
wmth six-inch to twelveanch hoes lead to soy improvement
i erumating lines filtess w twenty-lour inchen long.

In angther sepsory fisld, that of tactual and kinestheric
discrimination, improvement to sbout the same degree o
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with geometrical figures wan noted as 2 result of previous
treimog 10 closely nmiler functione The subjects were tested
thie tme for thewr aecucacy in esumating weights of 120 w
1,200 grzms. They were then trumed 1n esnmating weights
of twenty to 3o grama, and then retested with the Seet set
af weghts i order 1o meanure the effect of 1he mervemng
practwe period. The improvament io the F'T over the 1T
was ahout 4o per cent of that which appeared in the TP,
ipduating that teaneler, while cvadent, war by oo means
consrderable,
Theorndike and Woodworth's sccond series of experiments,
t.‘no:e with Iansuage, are enpam]ly valuable because of their
far ; that 1, bacause chey
aam]lcl fairdy closely the kmd of work dene o scheol from
which much transfer had besn confidently expacted In these
experuments, which dealt with the perecption of words and
letters, the training penod consated 1o the apd cancellation
of crery word om a proted page contaming both ¢ and 2.
Before and after thia traming, the subjects were teated for
therr ability to perocive and cancel words contuming @ end £,
s und @, 7 and o, and the Lke. In another expeninent the
subjects were tested for their ability to percewe and cancel
certam parts of speech, € g, verba and adjectives, as well o
words of a csram Jength, and muspelled words, They were
then trained i Lke matenal and again retested. Improvement
in floding wod cancelling two letters—aa shewn by tobtn given
before and after traming—mwas about 25 per cene 45 great as
the arcuracy achieved in the raming penod inelf. Eficiency
in finding and markmg verba wnd prepostiwons was improved
from 20 to 25 per cent in apeed, and often three tines ms
much in accuracy, as & resuly of trammg with analogoos
material But although the ability to percerve and mark
other partk of spesch as & result of th uwining in $ome m-
atances showed an increpse 1o apeed, there was oftan & great
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decrease in accuracy. Here agun interfersnce tather than
trannfar of improvement acema to have been the rule.

The regult of Thorndike and Woodwarth's
indicated clearly that even i performances ulrpcrﬁm.l]!y
much alike there may oftee be not oaly comparativaly lirtle
transler of imp but wstead derable interer-
ence or neganve cranefer. Such rransfer g appeared our
authors antnbuote to the carry-over of speofic methods and
rules of procedure, or vo simdanty 1o the tramed and tested
materal. One subject, for example, discovered i himaclf &
tiodency to oversmumare amall areas, and allowed for thi
in ki later fjudgmenis. Another lound that oo much interzat
in the sobject-matcer of the selecoon cancelled slowed him
up, and that too close atteotion to the parboular letters can-
celled led w0 imterference when other letcers were marked.
In general, des of d famil with che tank,
and improvement in methods of actack seem alto to have
been rensferred.

Thoradike and Weoodworth's fiadings geve hittle encour-
agement to 8 belief in & genersl observationet ability, or mwa
faculty of perception For dealing with language which, ouce
traiped, raises theraafter the whole level of performance o
such wbilites. On the comtrary, thew zesults suggested
siromply that the amount of tramefer from ope acuvity to
naother depends chicly upon the degree of community
among, or the ceertappog of, ther Ob Iy, the
conclumon, if establahed for other material, would make any
broad spread of improvement an imposabiliny; as it paods,
it is diametically oppased to the ides of fommel diespline

4

Thorndike and Woodworth's Ielivered
broadnde agwiont formal dumplmn—ut leam in w exreme
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form—tirom which 1t never fully recovered. Boores of ex-
penments on texesfer simoe carried ont, altheugh differing
much as vo method of atteck and seuviy selecred for study,
bave on the whole corroborated these eacly resutts. Pract-
cally all later studies agree that transfer as the resulc of
special pracoce e far from gencral, and that, for the most
part, it ia confined to dosely related capacition.

The largest degree of tranafer secme te be found In studics
of aumal maze-learmng, the least in studier of the dueciph-
nary of transfer value of school subjects One typical in-
vesugation from cach of these Bolds will be cited by wey of
Mluatraton, A carelul and wellconteclled experiment of
transfer 1o mazedeaming, o which both rate and humsos
were amhjects, waa carned cut at the Univeranty of Chirnga
by L. W. Webkb (1517). Webb employed mx tquars masss
us learniog problems for his ammale. 1o arder definstely to
{avor pomtve tranefer, two of thene mazes, f and B, warc
doacly mmilar 3¢ to Turnt and bld wilcys, while the other
four, €, D, E, and F, were duaimilar in tbis respect in order
to favor pegative transfer. When a group of rate had lexrned
maze A, tranefer wan messuced by sering how muoch mere
quickly these trained fate could learn the other mazes than
comparable contral groupe which had had no prewious prag-
tiee in A. Records were secured 1n terme of oumber of trale,
erfors made, and tme mqured to learn, 1o every nstance,
‘Webb found poertive tramefer from maze 4 1o the other
five mazes, the greateet carry-aver being from maze £ to
mazn B wherdn the patterns were most simular, The effect
of practice wat shown in & decded tendency to enter biind
atleyn lesn frequently locreane in the efficiency of learning
the other mazes az a result of practice in 4 vaned fram 1p
to ¥7 per cent for the trials required; from 29 to 95 per cant
for errors; and lrom 20 to 9o per cent for time, The greatest
trannfer occursed in the firat five teiale with the second maze.
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Wehb obtaweed subsencially the same resgles, e, conast-
ently positive yransfer, with hi human sobjects, who were
trmped with four pencil mzzew.

Webb's resulta are probably to be mttnboted in no smal
part o the fact that mezc savzuens raquire the leamreg of
o [aicly simple and somewhar aroficsl meotor habit, and that
mazee—cven the most dessemilar ones—are more alike than
the [earning tasks ordimartily conlronting rats or hurmans out-
side of the laborstary The facy that transfer of practice i
concentrated mamly 1o the firt five tnals oo the second
maze 13 espectally pgrufican:. Ic suggeats thag what i camed
weer from maze o to the other mazes 15 2 general lamilianty
with the tituation to be leamed, plus lechnge of certamty and
confidence, perhapa, which enable the learner {rat or human)
to get off to 8 “runmog scart ™ OF coarse, it need bardly be
pooted out that even very extenuve travafer i simple moror
taske can have Little effeer in bolstering up the concept of
mental faculties or the disciphnery value of mtellectuad taska.
However, traosfer ¢ven from ez A 1o maze B feli conmd-
erably below 1go per canr, the average of resulns by the
three enteria heing aboot 82 par ceat

{5

Ooe of the most compreheouve recent studies on the
scbjoct of transfer in school subjects was carried our by
Thorndike in 1924 In this expenment, which Sandiford
speate of ae & eructad tesc of the tranafer value of epecal
practice, Thorndike investigated the effect upon mtellectual
achicvernent of & year's work m vanous high schodl subjects,
wuch a0 Latin, mathematics, and humory. The swbjects were
B,554 high schoal students in grades 1o, 17, and 12 As # pre-
iminary or mitml test (I T) aJl pupala were given Form A
of the Tests of Selective and R { Thinkrog, published
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br the Tortitcte of Educanonal Research, Tegchars Callege,
Columbra Uneversity.t After one year of school work thess
students were given Form B of the sate tescs ak & final test
(FT). The twa forma A and B awre equivalent, bemg of
appronmately equal dificulty. The tranmg pened (TP
was supphed by one reguler year of schoolog o from four
o five atudies The gain in finsl score aver Injpal acore
{FT—1T) was taken to be & jont produst of growth plus
the tnfusnce or tranafer efect of the pubjacts studied To
uparate out the differential effect of each echeol subject,
il ployed the followng plan. Al pupls whose
mgrams included, lex us vay, Englsh, georetcy, hustory,
and Lann were matched for smual score 1 the testa with
pupils whose programs ncleded English, geometry, history,
and spine other subject than Laun, say physics. These two
groups, being equal 1 wutial ability, and baving taken the
same eubjects throughout the year, sxcept for Latin in one
group and physict in the other, aoy diference in gun at the
end of the year would be the resuly, presumably, of the
differential or tramafer effect of the two compered subjects.
To cite an example, if the sverage gain o the final vt of the
Latin Group were 25 ponts, and the everage gumn of the
Phymes Group 15 pounts, then since the two groups were
equal at the start, the traming effert from Latin w, on the av-
crugs, ten points greater than that from physics. The tranaler
efiect of the other pchood studies was calenlated in the rame
way. The amount w}m:h each conertbuted 1o the final score
wae computed by balancing prog alike exceps for the one
vanable study 0 cach case O concee, varicus combinetions
of studics had to be made owing to the wide divermity of pro-
grame, 50 that the verk of decerminiog diferential gaioe was
*Tha “bateery™ meluded those torts uaually found in growp tors of

general mtelhgence, eg, anthmetsc, oppoaties, nomber srwn complehea,
alogies, mntence cempleton, ctc There wore Aiost bmts m all
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by fv means e #imple av pur itlustration might wogget.
The cxnmple given, however, will s2rve 28 8 mmplified de-
snptich of the methed. To determane the carry-ovar of 3
sedy a8 compared with smple growth dunng the year,
equated groups wih programe contaming sodiss F8CD,
for inetance, and stadies FBCDX were ompared. Thin
gives the effect of etudy X againit non-X, growth being the
same for borh groups of sudenie.

The resnlte of thin extensive vestigetion weee later
checked a another study of 5,000 pupils (1927) The impl-
cations of theee (oo axperiments for formal diseipline ars
ertremely important, and the speerfic findings are probably
at vanance with what many of os might have ben led to
expect. As far 10 the dificrent atudies are concerned, mathe
matics, including bookheeping and anthmetc, proved ta
have the greatest tewming cffect, with general scrence, phywics,
and chemustry close seconds Laun wan inferor to mache-
maties and soence, about equal wo French, and supedor ta
ecomomics, Bcwing, steoography, meoual twmog, and dre-
matic ant. In geperal, these lLisvnamed studies showed
negative tranafer—a lose in final acpre rather than a gasn.
Uodeubredly the treditionel vew that Latn 1s the subject
por exeetience for tranng one o teason of thiok s hardly
bome aut by these indings

While faarly consistent diff crencen appeared between school
aubjects, the transfer effect of oven the best sobjects was
avtomushingly small. Apparently, the gain made by @ pupil
during the year depends fzr more upon his nzeve abiliy, x1
shown by 2 high winal score on the teats, than ypon the
tragefer value of w particular stody. The 1 clearly shown by
the lact that, while the highst 1 per ¢ent in 1mitial general
ability gained about twenty poruta i the Boal rest afrer &
year's work in high achedl, the lowest 1 per cent gained
only ane and gne-hall pants. Thin was irrespective of the
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subjects sudied. o commenting wpon theee Tacts Thorndike
rhes:

“The expectation of azy lage diffcrence in grneral im-
provement of the mind from one ttudy rather than anather
seems doomed to disappontment. The chief reason why rnd
thinkers seam syperficially o have been made such by hev-
ing taken certmn school atadses, 1 that good thinkens have
taken such studies, beconung becter I:y rhg inherent ten-
dency of the w gan moee than the from oy
study. When the pood thinkers stn ed Gruk and Latn,
these studick kcemed to make good thinking. Now that the
good thinkern m:cl .Ph§nu and Trigonometry, theee teem
1o make f the abler pupils ahnu!ld all study
Physical dm:luun and Dramatic Art, these subjects woold
tetm to wake pood thinkers. These \vrre1 indeed, a la
fenetion of the program of atudies for che hesr thimkera
world has prodeced, the Athenian Greeks. After postive
cofrelabion of guin wath matial abidiy 1 allowed for, the bal-
ance in favor of any study w certarnly noc large. Diso,
valoes may be real and deserve wclght in the curniculurg, but
the weights should be reasonable”

We may summarize briefly the present-day opimion of
peychologists mm the problem of bow transler takes place
as fellows: Improvement 1 coe funcueon, 4 4 result of the
exercize af aonther, dependa {1) upon the idemtity of ce-
ments, cither as to materal or a8 to method, berween the
capacities meanered; or {2} upon the carry-pver af attrudes
or methoda or rechniques of wtack which ace fairly generl-
ized. The first view in subsantally that of Thorodike and
Wwdwrmh previously stated, the second, that of genenl-
ized exp ,mﬁm‘ d by Judd, and is
sometimes taken to be an ahernative—and opposed-—t1-
planation of tranefer. It seems doubtful, however, whether
thore is really moy oppotition betwesn the twe views, though
theee in o difference 1o emphasia. The walue of Latin 22 2o
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md o leaming Freach depends upon the dentical clementa
1n the two langoages as well as upon the unulanty in gen-
eral form and syntax whuch they pessces in common wath
Englah Tt scoms hardy probable that common attitudes or
techmiguet are abstracred from a variely of saperiences un-
less there are common bonds {identical clements) runmng
through tham all. The most commen bond 12 language; athen
are everyday miomoation, simdancy of methed or procedure,
and plan of autack. Suck connections as these probably
wppply the ideotical elements a3 well g the more abstract
procedures winch lad to trangfer It o hardly necessary to
add that beth of these views of the mochamsm of tranefer
are directly cppoeed to the faculty view of meotel omguoi-
zatien,

(8)

Mauy of the eacly expenments on (be tranvfer of improve-
went from practice were fauley because of the expenmenier's
Fulure to check the results obtaed from special tracung
agmmst the vesults secured from 3 contral group. A comral
group, which takes the mtial test and the final test, buk aot.
the traimng, cnables one to scparate out, from the teansfer
clect dus to special trunng, the carry-gver due to mers
repetitien of the final vest. The control group techrique—
often called the method of rquivalen! groupr—a o gen-
erally emplayed vo-day m uranifer experiments, as well e o
many other bl in prychelogy, that it
seems worth while for uk com:der 1T 10 $ome gmm detal.
The firet step in the method of equivalent groups 1 wo equate
the two (or more) groupa employed on the baus of one or
more variable factom, such, for cagmple, as age, sox, or gen-
eral inuediigencs Cten the groups are equated o terma of
the apecific function, e g, memory or reschion time, upon
which the influence of the expenmental factar or EF (in
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tragefer experimenta thit is specad practics) is to be stadied,
In equating groups, the usual method 18 to mech or pawr off
the subjects s that the two groups will have the same ar
neary the asme average mtal soore (TT) and the same
vanabihity eround this average. After the groope are squated,
the EF 1e apphed 1o oor—the expenmenta] group-—and at
the condusion of thir treinog pened both groups are given
the final test {F T), which 1 wsnally an alternate form of
the IT. The difference in gam of the cxperimegtal group
over the control gives o measuce of the effect of the EF,
manus the pracoce sffecy of aumply repeating the test. That
is to emy, the control groop enebles us to separate oug the
pracuce effect due w mere repenuon of the I'T, from the
effert of the EF pluy the repeution of the T'T, We may dia-
gram the whole procoss nmply as [ollows-

Expcrlmenlll BToup ] 'T —EF—FT=1¢,
3muLE T—FT=0C,
C.—C. e eflect of the EF

A recent expenment by Gawes" illustrates cleatly the
merhod of equivalent groupe as apphed to trangfer problems
and in quoted here an & concrete czample of the methed,
Gares was wmntereried 10 finding our 1o what exteat & mmple
funcion, 1.e, digit span, could be improved ax the reaply af
ntcomve practice aad how permancot such improvement
wold be, A group of kendergarten children four to grx years
old wera wubjects. From thos group two cquaced groupe wers
made up by marching cach chuld with another child ok oeasly
a posl'ble in the following uam vex, age, mental age, T3,

111 A by teachers, memory for
digits presented oraJJy, for letters precemed veally, for un-

* afn Expirintrat sl Swfy of thy Nigtwrz af !-xprmﬂ-m Reswinimg from
:\;m«mc.ll’md?m-,}undol catoeal Pepchology {1558,
23
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related words praaented ormfly, for gesmetric figuces, for
pictures, and for names How weil the twe groups weee
marehad may be judgsd from the followang cxble.

Tasiz XIV
1o IS
Traus k] 2 £ s‘ E‘-u R
2 £g EEEppeskigRzes
. 2 edpo i :E:E‘g:ﬁ; i8R}
A
11 £ 23
Lol JRS S HI il R = BB B HE
The i i factor was i practice in imme-

diate memory for digae. For seventy-right daye the chiidren
1 the expenmental or practice group were given daly deill
m learming groupe of diguts, the control group, meanwhile,
teserving 1o tranng. At the end of the practies period when
both groups were retested [F T) for digit span, the practice
proup bad progressed from an average epan of 434 digita
{sce Table XIV) to an average of 640, a gain of 2 o7 digs
The contral group, om the other hand, had wmereased e
averpge from 4 33 10 506 a gawn of 75 dign The difference
between 2 oF end .73 grves the offect of the intervening prac-
toex upon the ample memory funcron Gater wriges: “In
the Stanford-Binet Scale, 4 digns m plased at year o, and &
ar year to. The practies group, then, advanced dunng a
penod of 4.5 months dunng which they practiced 78 days,
a0 amount equal to that which thc lerge uatramed child
advances o approdimaraly € yeara ™

1o this compatstively enormous gan the runlt af goma

real i n L or of & dated rate of
gromth nl neoral conpections, or m it be nn:nhuled smply
to an i in the tech of , betzer

methods md the hke! To answer this queunqn, Gater



Trapsfer of Training [ #13

allowed four and & balf monthe to pass, and then retested
fourteen members of each groop—all that could be
locaged The result wap quue conclgave Om this rotest,
the average memory span @f the practised group was 438
digits, that of the control group 441 digts- the two groups
were apain equal 49 they wers at the begiarung of the stady.
Impravement, although quite large immedhiely after tram-
ing, bad reaulted 1 oo permanent bencht. This reanlt indi-
cates cleacly, as Gates ponts oct, thet ibe large merease in
score brought about by the seventycight daya of wmienve
pracuce was probably due almoer sorely 1o the scquisiton
of sperwal techmigues, familianty with the task in band, adap-
tation to the examiner's voce and signale, loaw of anziery,
berter habae of aniennion, sed the devining of simple schemes
ol goupng, gettog combmaticos, and the Lks Obwicusly
these techmiques, though temperenly hghly effective, did
Ot refan 48 pEfmADent acquisiions
The method Elf cqulv.l]cn! Eroups has becn wdely used in
L and han proved to be
nnud.lnn]y valusble 1n the rudy of the sficctr of vanou
expermental factors, Apart from the ET of special traming
in transfer experrments, the meentive value of prase vermus
blame, the effeces of varow druge upon ments) acovrey,
viFval versae auditary precertatiom, and poative verees asg-
ghve fuggeiton mey be menhioned 26 a few of the maoy
problems which have been inveetigeted by this mathod

Sugpested Readings

1. The capenmental work on transfer of training is scat-
tered through many peychologicel and educanonal jour-
nale ond over twauy years The following general rafer.
ences give convement summanes of most of the i)
wnt nveyugations along wicth elementary discossionn
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and evaluatoos. A. M. Jorden's Edwishozal Pryckol-
ogy (1928}, Chapter ¥II, A T Garet™s Prvckalogy Jor
Sradenis of Edueatron (1gz3), Chaprer X’%; mdgys. 5
Cndaﬂi‘; ke Lrarmzg Process [1914), Chapters X1V
&l 3



Chapter 7

WATSON'S EXPERIMENTAL STUDIEE OF THE
HEHAVIOR OF THE HUMAN INFANT

n

RIOR to the studiwes (from 1917 to 19z0) of Joha BH.

Watson and hus ro-workers upon rhe gmmrh and be-
havior of the human efane, [tile actual sapenmantal work
hed becn donz 1o thie Righly ntercsung feld. There were,
1o be sure, several exccllent buographees of idividual chl-
dren, wetably theae by Durwnn (1877) and Mass Shoon
(1907); bot owing to the rewtance ind th: Dhjenm ni
many people, parents 1n any "
upen the human young, few :y:mam:a]ly canvrolied obuer-
vatione vn the appearance and development of behaveor pat-
terns had been made oo lage nombers of children from
which reluhle conelusions could be drawn. Waton's pioneer
studics, carried cut upen wany young children at the Harnet
Leoc Hosprtal o Baltimars, did much o remedy thic neg-
lecred utate of affaict asd to cmphbatize the oead and im-
porance of funber work. A lamge share of the ioreresr in
the study of the young child which we zee exhibited ao
widaly ro-day m the cstbluhment of rabioten of chdd wel-
fare aad oursery schools had it omgin in thess eady ex-
penments of Watkon and his studems,

Diexpate the tecogmized value of this work, however, Jebn
H. Watson iv besr known to-day not s a child peychalogieg,
but a5 the “foonder” apd c'hlmpuun at' d!c wtrictly mechgn-
utic type of peychology known an b inm. Watscn re-

oy
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ceived the PLD. degrec in paycholegy from the University
of Chicago in 1903 with & dissertation in the Geld of animal
paychology The nert year he went to fohoe Hoplns Um-
weroity, where he became professor of capenmental paychol-
ogy in 1908 a1 the age of thury years Watson brought to
Johne Hoplena a atrong interest in ammal eaperimeniation
and & growing beliel m the practicability of cxvendiog to tan
the objective tethody ueed with 1o much snccess 10 animal
work. Owe of s primery cbjects, m fact, in mitebng the
exprriments with chuldren desenibed o this chaprer wan ro
exemplify the valye of chjective and behavonstc methods
1o genetre srudies of the humaa young,

In geoeral Wetson's method war to cbserve infant achy-
ity frem bumh onward, to calegue the fundamental re-
flexrve and metinctive tendeacies as well an the uolearoed
emotional cxpresvions st they appear; and o duacover how
carly habite develop from bese wnpate modes of behavior,
Careful note was made of the bmes at whach children begin
to reach for, manipulate, and handle cbjects, £t alene, crawl,
und walk Whar objects and wnuavions babies are afead of,
angered by, and delighted mth were alvo listed, and the
geneis of theee emotions studied. Informanen wan scoured
not snply by observiog behavior, bot by arrangiog mim-
atione and trpng them out on the children aa well, Such
records furmeh exact and defimta data on the old end much-
duscunted question of whether & peron inherits speafic fearn
of ammals and objects, or wherther such fezry are Jsarned.
They have proved to be extramely useful in gving & genetic
or growth picture of the develapmg human infant, and
enabling us to detect and remedy habit-deficencics and per-
verse cmotional attachments at an carly age. Eventoally, too,
studses such as these will aid us better to gude and dimect
older ¢hldren toward the kind of education wnd kind of
vocation. for which their talents bes fir theo



PELAE 15 BIOWING BOME [MART REIUEALS

A 18 the graaping reflez of & child 12 daye old B shows
the defeniine reflex of lefr foor to shight panch on inoer cure
feee ol rght knee. C o5 stimolateon for the Baboske reflax.
The blunt end of 1+ match w rubbed across the scle of 1he
foat ‘The result 34 shown m D The great toe shows exten=
siom, Lhe small toes “fanmiog” or Sexon (Thie s 2 very
varable reflex g0 far au patiern 3y coacerned ) From J. B.
Watson's Prvckologpy from tie Standpont of @ Brkomonn,
and edition (). B Lippiocott Company, 1924), Fig. 6.
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(z)

‘The earlest reflex noced by M. G. Blaatan {1gr7), work-
ing under Watson's direction, was sueckiog, which may oc-
car even before the so-called binb-cry, Ficcoughing, yawn-
ing, and, of course, crymg also appear very shontly after
hurh, Peadea the berth-cry whuch 1w apparently entimely re-
Bexree and comes with the frst gasping mtake of s by the
new-bory anfant, Mrs. Blaowon differenuates cryng doe m
{13 hunger, (2} myury and rough treatmene, and (1) faugue
ar lack of exercise. Te 1 imteresting that the regular Bow of
tears does not ocdmanly appear uonl the chiid 15 aboot &
menth old. Suckwg which includes wogue, hp, and chesk
movements and 1w followesd by swallowing can be demon-
strated in the first hour witer birth The reflexes of ehoina-
timn octur shortly after torth, and sometimes even before
barth, Smaling, which comes somewhat later—usualty oot be-
fore the fourth or Bith day-—3t also unlearned behanor 1Q
the child in comiertable and well fed, snuling may be dicited
by kght touches on the body, stroking the skin, or geatly
rocling. Apparently the chuld docs not lears ta smile unol 1
15 at jcast ooc month old. Mary Cover joues {1926) in a
wiudy of 185 babies, found chat condiuoned o learned amil-
ing, i, smling when the expenimenter smiles or talks baby-
talk, racely appears belore the child 8 thirty to focty days
vld, Gesell [1926) reports miling . teaponee 1o 4ovul stim-
ulsnion at ahoot ninecy daye.

One of the carlicst motor actonties to appear i the buman
anfant w that of grasping (Figure 15, A). A baby's Rogers
will readily cdent upon a stck, peaci, finger, or any small
obyest, and, clinging to this bke 2 small monkey, the child
can eaxily b lifted. All bar shont 2 per cemt of nonmal
children can support their own weight in this way, the
ume during which they bang sutpended varying from s
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fraction of a second to a5 loay as a winute Thia pativity,
whuch i coorely mnate or unlearned, appears shortly aiter
burth and drops out whea the child is about four monthe old,
although 1t sometimey perauns for a fonger wme. Oace it die-
appears, it apparcotly acver rcturos. Watson suggests that
the late disuppeatance of this refles may indicate abnor-
wally slow development; but av jus what age the line
ahould be drawn hat oot as yet been determined defimitely
If the experimenter presses with s Gnger upon che chin
of the new-bom child, the coordmaucn of the twe arma wito
u nogle defense mummcnt " rhﬂ'me and poor After four or
Eve daye, of the two arm
appear with faer rgsu]lrlty ! Frgure 15, B shaws the defenae
reflex of & baby to a slight pioch oo the inner surface of one
koee, Note that the opposte leg o drawn up an though w
puth away the annoying stemulua.

With the wamng of the grasping refler, the child begim
to reach; thu imvolves exiending the hands for an objest,
suizing it, and (weually) saeryng it 1o the meath. At abant
the same tme, too, {Eve months) the haby brgms mctively
to cmploy its thumb, which hitherte has been wel-mgh
uselers, o opposition to ite other four fogers Watson tested
for reaching actvity by bolding & sbck of cendy directly
froat of the chuld aed allowing him to try and get &t I be
grasped it, he was ailowesd to tane o suck it A five-monthe-
otd baby will zeach not cnly for candy but, in general, for
any small object hefd close by, I the object reached for
hurts or pves pain, the chifd wall soon leam not to resch
for that particilar thing. Several scorches from @ candle, for
cxample, and the beby, even at an cary ags, leams o ler
hshn:d candler alone when they come within has reach. A

rpruing resule cbtained from this study of reach-
13berman, M and 1 €. Sears-marar Rerpgarer w fafirts, Journal
of Companatiee Paychology {15351, 5, 5350
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ing it the discovery that the child doss nor reach for ob-
jects more than two feet away This, of rourse, m quue
contrary to the poetic oonion that the youog chud wll reach
ior the moon of far any distanc ohjecr

Az we el know, most adults arc ngbt-handed, altheugh
quite a tépoctable miasnty uee the lell s the preferred
hand. Is the prefersnce for the nght hand moate or beredi-
Tary, or 181t a learned responee’ The aoswer we grve to thie
questien 15 of more than th 1 mnterzst. I handed
18 1bora, 1t 1% probably eafer to lec a child use his prefecred
hand—whether rght ar left—rather than o try and cause
him to change, @ there  some evidence that stammenng
and othetr cmetona! ditarbances often oceur when a left-
handed child 1a foresd fater on to change over 1o s right
baod * But if bandedoess 18 cotizely 2 mattar of chanoe ar
of carly habit-formation, then, e the great majority of
peaple are right-handed, it would certamly ssem beit vo teach
aft chidren from the beginmng to use the right band in
preference to the left. Wabon investigated thus question of
handednen m several wayr which Jluerate so cleardy the
experimentnl tockniques used e child study chat they wil be
descnbed ratker fully.

1. Firer, & comparwon was tiade of the length of time
during which twenty wery young childrer conld hang from 4
bar supporting their own weighe ether by rhe nght hand
alobe or by the left heod mlone. The testt were begun at
birth and continued for the first ten deyn of the chuld's kfe
Results showed that children bang, on the average, as long
with the lefe as with the right hand: e, no ianuce prefer-
ence in thin acxivivy, st leasr, wan apparent (eee Figure 1§,
A for Mustration)

2. Next the atoune of random elathing movements made
by the baby with ite right and it left arma war meanyred

“Termum, L. W, Hypiene of the Schood Chald (rona), aes-sib
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The record of such voluntary activity as appeared war kept
by meany of & small “work adder” a device which when
operated caused 8 notched wheel to revelve i one direction,
thersby modiog up a weight ateched by 1 cord w 2 drem
aod gving a record of work dooe. One eod of the adder
cord was fastened to the chuld’s wrst, the ather to the weaght,
Two adders wete used b that records from both arms could
be taken Thae exp t, which occupied
about five minutes, showed that almost denucal amouns
of work were done by the nghe and lefe arma, thus imdicating
that nerther wrm (and neaher band) is favored i pross
stashimg movements of this kind,

3 In the thurd test, chaldren from five to twelve months
old wrre cxamined to ce which hand was osed fint @
reaching for objects, Twenty babier wers teated once a week,
ten to twenty trals bewog given to each Generally 2 atack
of candy or a candle $erved as the test obyect. This was
brought in dowly towand the baby on a level wuth 1a eyes,
and exacdy in the middle hoe squarely hetween the baby's
two bands Ussaily eesching cocurred when the object wan
about twn feet away. A carefyl record wae Lept of which
hand was weed for reaching, o, 1l both bands were waed, as
sornetimet happened, which touched the ohject firan No
marked preference for ether hand appearsd i thie rest;
sometimes the beby used the night and agen the left hand
more often.

4 As @ Foal test, measurements weee made of the length
of ehe mght apd lefr forearme, wries, palmy, and fiagers.
Na sigrsficant differences were found between the nghy and
Ieft measurements of 160 babics.

Theae studies of handedness suggest stroogly the abacoee
of an¥ inborn preference for either hand, If this be the trus
atate of aifasra, it 1 probable that we shall never kuow how
preference for the nght hand criginated 1o man, aod it would
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make Litle practical difference if we did Certainly the desrs
of parents that thear childesn shall not be “dif erent™ 1% af
major importance to-day in fictng the growwng boy and
girl umto the right-hand mold. At an cardy age the bay 15
taught to shake bandy with Bis nght hand, wake off it hat
with hus nght baod, and write with b right hand, later on
be finds that tools, baseball gloves, and poli-dubs favor
the right-bander Much the anme cung o true for gide
Probably the cardy forong toward nght-heodedness plus
convenince and Eocial premkure are prong enough, cven if
left-handodness were native for some wndividosls, to make
all but the most stubborm feft-handens ceaform.

(3

Graspang of objects depends upon hand-tye coording-
tipne, and becaose of thw it 18 amportaoe ta keow when
ye become d d and which
are firgt 1o gppear, One mathod of nudying eye movements
ie to place the baby co its back in & dark mom with the
heed held gently 1a place by an astutant. Just above the
Paby's head a penmeter 1 then placed, Thu conteivance,
which Jooks lke the half of & hoop, carnes s small hght.
The baby's head beng the coater of the arde of which the

o the the light when moved
1: alweya the same distance from the baby™s cyes. Now by
movmg the bght to the nght or left, the “{allowing” move-
ments of the baby’s eyes can be atudied. Watson found that
the “roving” movements of the eyes are poorly coordimated
ut birth, Sherman (16253, who has venfied thete obrerva-
cions on minary-stz babies ranging from one hour to rarelve
d-lys old, adda that afier thirty to fmy hnuru coorination
is faicly good. The &3t d
with true fxation are thoae in which the haby'a eyes, tom
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10 the left or sighe. Somewhar lacer (after filty to aghty
days} upward and dewnward movemente appear, and the
baby is able to follow the hight when it i moved o a
cirtle when he s two to three montha old. At about the same
age, oo, blinking, broaght abomt by pasaing the hand be-
tween the chuld’s face snd & soorce of Light occocs. This
reflex iy axgresnely vselul an protecting the eys irom injury,
and belongs to the general daw of movements known =
“protective reflezes.”

Ao mpertant mgn of development i the young child
 the abilty wo o alenc, for, hke reaching, x shows that
the baby is gradually lcarmng bow to use 1ts own body.
At three moaths and a balf, says Watson, the mmlant may
¥t untupported for as bong av two moutes M O Jomes,
on the bass of more chaervatons than Wereon, puts the
first appraramce of Lthog alons ot five momths, Geell at
ux to ight monthe. (The ducrepancy here is apparendy
the resule of eetting up diffecent entena for “xithng alone™)
By the age of mx moothe the chid will sit alone twace we
loog ae at theee monthe, and will play wnb s toes, pull at
itz clothing, and stnke the hed upon which 1t s mttiog,
After anong alone, the fitst step in the locomotion senes i
crawhzg, from which standing snd wallong develop, Many
infauus <an pupport themeelves in the mtanding poution by
holding on to eome chject a3 early as the eighth or sinth
month. The age at which a child begine o walk depends
upen 1ty bealth, itn wesght, and whether it has had any
frights or injuries from falls. Walking may appear at cae
year of age or even earlier, After the firnt step hat been
waken, potual alol! in learning o walk 1 comungent wpen
the incremse in body streogth and growth, ae well 28 upan
the praime and encouragement received from the paremts.
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A1 the sphere of hiy interctty enlacgen, the nermal chald
secks voluntanly to ocrease his mesns of gerting what he
wante.

Tuckle the sole of 3 baby's Joot ar atroke it gently with
the blunt powe of 2 pesed and the big toe will tum wpaard
in a fanmog ot excerarm movement, while the other toek
are tured down (fenon thovement), Thia reaction, which
1 eobirely unbearned, §a called the Bebwnsle reflex, and o
foond m practically all infants {Figore 15, © and D). Sher-
man {19z5) repors that i 4o per cenr of the casen ex-
amuned by lum, extenaon at the fiesy imulog way followed
quickly by flemon at the pexr sumulus, He regards the
fadure of the second movement to appear to be cvidence
of poor Tuoctional or neural developmeos. The Babosk re-
Bex unually diaappenrs between the sixeh and twelith moeths
of the chuid's Lfe. It is of coneiderable chnbeab walue, mpee
its prosence wndicates, apparently, a Jack of eompleys develop-
ment w the nervous sysiem Hemee il the refles peoste
lenger than one year the yupposition 13 that the babyr ik not
deseloping normally. Wheo found i adoles the Bebunski
reflex in a sign of pathologieal or disesied condiwen.

{3

Tewms of phymclogical develepment and mmer control Lke
thote juan deserbed are aften used 1o determine whether or
oot @ baby s normal Jor hu mge Such veam are umsally
gmupad [R5 guded l:rm ar scales From which nseme or

di have been formulated A good dha-
tration of buck  scile is Kublman's revigion and cxtemion of
the Binet-Bimon tame? Tarman's Stanford Revunon, it will
be recalled (see Chapter 1, page 8), like Bunet's original
acale, does 2ot extend below three years. Kuhiman devigsd

A 4 Hradtock of Mental Tratr (1921},
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and etandardied tests for three mooths, siz monthe, owelve
menths, eighteen months, and two Feeds, mn eddition to teas
for the age-rapge coversd by Biner (three wo fifteen yeans).
Thean early tests are sitempts, jor the most part, o du-
wover whether the child possesecs the notmal refiexes, as well
ar the moter, . and | nermal
for hie age. The average chaid af thn:z mum.ha should, ac-
cording to Kublman, be able {1) to catcy b hand or an b=
fece to hig moudh, (2) o react “with a macked ‘ean’ or
wink” to a sudden sound, such a& a clap of the bands, ar
the tpap of a small welegraphic “mapper”, (1) o fizare a
Tight or braghy object and follow o readidy wieh his eyes i
3 coordinated movemenc, {4) to torn his eyes [or bead
and eyes) voluntenly toward 2 hght or bnght object some
what out of the divest hne of vimon; and {53 o wink when
ap cbject, such a2 a har or a book, w wuddenly brought m
toward has cyes. Tests for the other age-lovels below three
yeard are denbed m dewl 1n Kuhlmaa's manual. Te
lustrate wath a few examples, the normal child of oz
monthe should be able, ameng other things, to it aloas,
use e thumb o oppokiteon to his four fogers, and reech
for seen objects; at twelve monthe he should be able
repeat two or three syllables, mark with a peool oo paper,
and ducnirminate amvong several objects such s 2 ball, rattle,
azd block, at eighreen monchs he shouid feed himeel! with
a spoon, uonderstand simple questions, and show mterest in
and rocogmze famiisr obyecte n large colored pictures; wt
wo years he thould be gble to obey simple commands, copy
& cirdde, iutate $itmple movernents, and recognize cbjscus in
A pacture, such 30 & dog or 2 man. According 10 b aue-
cemaes and faflurcs with these tests, the mental age of the
baby can be calculated in the same way a0 thac of an cider
child

A interesting et of performance tests for the young child
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it the Mernll-Palmer series of teste drawn op and staodand-
foed by Rachel Stusman (1936) under the direction of Dr
Hder T. Woalley. These tests (ihere are minety-three in
all} are grouped iote mz-month intervels from eighteen
moaths to six yeats, that i, the first group of cleven tests
in for cluldzer: mighteen to twenty-four monthe old; cthe sec-
ond groap (tem tests) Tor chuldren Twentyfour to thicy
months old, aod ro on. The mental age of the child m cal-
colated from the total number of tests w the senen which
ke s able to pass To lvetrate the Jund of performances
called for, the average ehidd of two to two and one-half
years 1a expectad 1o be able to repeat four simple words {eg,
dnrore, ball}, to recogmze himeeli 1o the rorror; fit eixcteen
cubes into a ber i 125 secomds or less, pul pegs o 1
board; pull & stick attached to 8 stnog in toward himaelf,
usmg onc or both bands, wrrange four cubes-—of difersou
mizes all open at one fece—into the form of 2 “nest,” each
cube beng Gried mic the ove nest larger in sum, answer
ux our of ten wmple questions, eg, “Whar deer a1 Lirte
sayi™ “What w the (chawr}™; cut paper wth scissncs;
and repeat simple word-groups, ruch an “see the pretey
dollie,” Ag s svident, these tests measure the child's ability
to recogmize and manspylace the obyerts of hik cavironment
& scomble, if dementary and aimple, Tashien

A variety of ample performance uate, moch used wrh
younger children, 18 shown in Figore 16 These veste all
trasure, 1 & general way, the chld's moscular development
and hand-eye coordination They gauge, too, bis perception
af form and thape, end knowledge of common everyday
things The Wallim Peg Boards {A and B) ser before the
chuld the tesk of fithng the sir round pega in A and the six
aquate pegt in B into the holes in the brard Theee ars very
cany teaty and can be done by normal ¢children from cighteon
months to two years of age They are often ueed ab tosts
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Frc 186

Snu Propssguce Tesrs Mocw Uses wern Youms Cunsasy
A usd B arz Walln Pex Basirds, €, the Newt of Cuben Tewt D, Pot-
mer's Mankin Tem, E, wbe Marr and Foal Test, F, the i Fom
gmdhqn the Drcivly Buttce Trit, H, the Healy Pucture e
o, 1
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af the feeblo-minded and the low-grade, The Nest of Coben
‘Ten {C) bus been desenbed sbove. Each cobe is 1o be fitted
intn tha ome nex larger in size. The wyorage child of wo
to two nod one-half years should do thu Lest in four miooten
or less. In D, Panteer's Manuon Test, the child s tequired
ta fit the arma, tege, and bead pecer, which are separace,
cato the trunk o form 2 man. Thia teet s rarely done cor-
recty by chuldeen under eight years of age The Mars and
Faal Teat (E) sets che tack of ficting cemam cut-gut picees
it thew correct | The normal three-y id tekes
fve minutes or less 1o do this test. The Sequin Form-Beoard
Test (F) in the beat known of the many form-bosrd tests,
‘The average chid of three years can fie tbe blocks inte thar
proper places m about two minntes The Botton Test (G)
was devised by the Belgian psychulogist, Decraly. The six
strips are of Rannelette, three inches by 0% imches, and are
arranged m paire The Aret pair comsists of ¢ ecrip with a
betton sewed oo it and & second strnip i which a buttoohele
haw baen worked to fit the buteon, ‘The nest peir of stnps con-
taine two buttons and pwo button-holes, respectively, and the
third pauwr four buttons and four button-hofes. The buttomng
aod unbuttcming process is first demenatrated 1o the chdd,
who is then encouraged to oy . A normal child of two and
one-half years can wsually do one budton, & child of three
yeara, two buteons, H, the Picture Completion Test, No.
L, of Healy, ta usable mith chiddren from about five to twelve
years of age The child w called upon to Hll i certain cur-out
poruons in the picture with appropnate blocks wlected from
a et suppled by the examiner. There arc more blocks than
#re needed 1o complete the picture, g0 that & resl chowe must
be made The test is first cxplained and demouatrated to the
child. The score ix computed from the number of correct
placements. Of the tests shown in Figure 16, A BCDEF,
and G ure med i the Merrill-Palmer seric; D.EF, und H
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are & part of the Pintaer-Paterson Scale of Perfermance
Trara,

Geeell {1925), in his stidies of the pre-school child at
the Paycho-Clime of Yale Usiveinity, bus devised » fuirly
complets schedule of tests pnd ghaervebions to be employed
wmith children from sboue one month o six years of age.
Fowr fields of behavior activities wre sampled: {1] Motor
Behavior, which deals with muscalar capacry, coordinatien,
Bummaunu, and the uec of hands and umu, ere.; (z)

ng vorul word jom, epoech,

and io; (3) p -rocial bekavior o exbibited

n reacrigns to persony, imbatve, play, sorial experence,

nnd |nhrm:tmn und [4) adapires baﬁmar, coocerned with

X ) ion, abdity to

male pmper dj to 3 given ion, and sensibla

toatood Geu!l. () schadule Bt w teat it the seome that it i

wah & the mental age. It

15 rather 2 anmm:ry anrl a dagnons of the child’s develop-

mental staiet baned cn physical and pryehelogical cxamina-
tioos us well ar upon chinicgl observadion,

6

As u result of mmoy cbeervations carried out on wery
young chuldren, Watton reached the condusion that there
are oply three fundamental emetions, fear, apger (or Tage),
and lave. Thise pomary emwiicmal paiterns, he gy, appear
at burth or shottly thereaficr. Watsca's method of testng
for native emotions was 1o bring the child into the labora-
tary, present etimuli which are koown to produce cmotionn
in adults, and pote carefolly the childs tppical reactionn.
In every care, an effort wan made to deacribe 1he emotion
in terms of its characteristic pattarn, and to define it prictly
in terme of the sftustion which called it oot
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‘What stimuli, for example, will call aut the emonem af fear
in the very young child! After working with vatious stzouli,
‘Wauon duscerrered that aavanably dowd noues, pon or wkry,
and the suddex loss of fupport cavee the nfant to eatch
breath, clutch with it hands, pecker its lips, and often
cry. Theas responses consgure the pattern of what Watden
called & “Fear-rmaction™ (ace further page 2350 No other
stimoh brought out fear o regularly and defunely, for
instance, theie very yoeng children were found to have ne
aatwe fear of the derk, of ammaly, of peeple, or of the
thowand and one thinge of which children are suppossd
70 be “natyraliy” afrmd

To bneg out the smotwonal respense of rage or exreme
anger Warkon found w0 suBiceat to hamper or restnct the
iant’s movements m eome way. Hold the chuld's head
lightly between the hands, or restran the movements of bis
arm of begs, and be wll exhibit the bshavier which s
called rage. This “pattern™ consiste in a eiffening of the
body, cryng or screaming, and struggling to cscape. If the
firec ateemprs wre uosuccessful, the child will hotd its breeth
or acream until it becomes blue with rage

In very young children the emoton of kove, 3n Watecn
deflnes 11, 1 charactetized by smuling, gurghog, and coowmg.
Semetmen the child moves ms arme and lege oapidly, and
sometimes it hes very stll, the picture of contentment. The
stimuls for love responkes ate steoking of the skin, vcklog,
patting, and rocking. Whea the child becomes clder, it will
hold out i wrmz o ba taken by the adolt.

As atated above, these three emotions, fear, rage, and’
love, arc believed by Watson to be the aoly definime and
clearcut pamerna in what i Jootely called emevional be-
havier (see pagen 234-5 laterh. lo wearching for other itua-
Hans and objects which might call out thess fundemental re-
spontes, Watson decided to curry out several teats on older
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children, ie., thote varying 18 sge from about four months
to ene year. All of the children exarmined bhad been brooght
up a0 tize hosprtal and had cever sren any of the ammals or
oher ohjects uned in the ters,

Foret, the chud wae brogghe into the laboratory and al-
lowed 19 sit wpen the lap of 18 mather or an attendant.
¥enoos anuznals were then presented and the baby's reace
+oms oeted, When a very Lively black col purred near by,
the baby showed no frar; nor did he show any fear of a
pigeon, a rabbit, or @ white rat These were all reached
for, ane baby trying o pur the rabbn's cars mto her maath
In zddswen to the tests m the Isbomtory, cach child was
taken t¢ the 2oo and allowed 1o get quite close vo the ammals
The reeylt was the same o before: oot the slightest fear was
shown,

[F4]

The teats cited ahave are highly nzereating and at first
might almost uobelieveble. Il onginelly & bzbry shows fear
only when coufronned by ¢ lowd nome or when threatened
with less of soppont or when actually jored, bow does it
come about that clder chddren and many adults are wiraid
of s many thioga. the dark, scalies, doga, bug, cas, and
far more iapocuous stimuh® The answer gieen by Wason
is thet they bave frarard 1o [tar thess things, and thar
the method by whech quch fears have beeo learned in the
familiar condivcmed responge (see Chaprer 4). A con-
ditioned response, v we know, iy behavior called our by
some atimulus other than thay to which it was origmally
boand. Stnke & dog with a sick aod yell “Go away,” and
it i probable that at & later time the dog wall not wair
be neruck, byt will ma, when he wees the atick, or even when
he bears yoor voice Thi in 4 aimple illuatraticn of a condi-
uoned response. Fear amd running sway are brought oot
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in the dop by stimuli, night of the wick or yell, ongnally
powerless to produce these sprafic reachons [n the vame
fasheon, the frar of lightomg  very probably aroused o
the yourg chuld by the lact thet hghimaog and tbunder
f{loud poue-grigmal atimulus for fear) wigally occur -
xether. Many examples of the same ond are cted elaewhere
{8cc pages o8, 117-15).

Wanson decded to e whether be could boild up & con-
ditioned fsar 1o the laboratory. Hie subjec was a boy,
A!Ib:r: B., r.'lcvtn monthe old, sod peascsied of & amhd snd

Firat, 1t was d d by actaal
h!ﬂ. that Albert was not i the lesst afvand of fnrry lmmn.[u.
wuch a8 the tabbat wnd the white rat Put them wathin b
reach and he immadiataly grasped them and played with
them. His raxctron, however, to & lowd noive made by stoik-
ing & steel bar wieh 2 hamter was divuectdy onc of fear.
He would pucker up bis lips, throw up his arma, and begm,
1o r¥; then turn over oo his mde away fcom the nose and
make off as rapidly av be could The problem which Watson
sct was thie: Can an awmal be subsututed for the boud
noice and thus become a fear-object! The expenmental
act-up way an foliowss Fiesg, the white rat was presented
te Albert. At emce he reeched for it, and a5 socn as he
wuched 11, the steel bar was struck a heavy blow just bebimd
the chid’s bead The faar resction immediarely appearsd,
The nest tme the chaid reached for the rat the noise was
repeated with the same result-—fear was desSactdy shown.
Scven daye Jater the child eyed the rat warily when n war
prescoted, refysng to touch @ When the i touched the
baby's heod, the hanod war quickly withdiaws, but the
child did not ¢ry. It was clearly apparent, however, that the
child, while not quite afraid, was not favorably inclined to-
ward the ret. No fear respanse at al! was shown by Albert
toward ether chiects, such a3 building blocks, which had net




164  Great Expenments 1o Paychology

been presented together with the noise. Three more jownt
presertations of rat plus nowe were now glven, which were

Lt o produce dable eigne of fear when the
it was later prosented alome Two more jont stimulanons,
and the magnt the rat appearsd gn the sesne the baby
begun to ery and to crawl awey 268 famt 23 he could. Five
dayn later the child was still afraid of the rat

Io order to dscover whether this condimoned fear had
spread to other objects, Watson then (eated Albert with a2
rabbut, a dog, a fur cout, and cotton wool To ail of these
the cnld waz u.huply negative: cither he cred or crawled
away of both; in every case he refuzed to play with the
ohyects, Nome of these things, it must be remembered, had
been preseoted along with the loud nowe. Yet becaose of
their sitmlanty, the fear reactwon bad beemn “traneerred™
to all of them. But no fear wae exhibited whaooever 1o
buwlding blocks, the condibaned fesr apparantly having
wpread emly to furry objecis Wanon d:d net. attempt to
buwald up any rage be-
caune of the danger mvolved 10 d!alu:g wld: luch reachons,
noe dud he d any love in the lat ¥.
Condicioned or lerned rape reacvons are often seen, how-
ever, an for inntsnce when & child goes 10to a temper-tantrum
or saraming fit in order to got candy or some other demred
ohje, or to gain his ends. We are all famudiar, too, with the
ease with which g child’s love reacrions can be transferred
from mgther ta purse or to grandmother, depending upon
wiich one provides food, peiting, and comfort.

{8)
Soch experiments ae those deseribed in Section (7] ate
distinctly walusble in shewimg how uteless and even barm-
ful emotional responses to many ionocent situativps may
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arive, The dincovery of just what cauver liz bebind such
behevior and the formulation of methods of treating and
eradicatmg them 1w a major problem dor the child paychal-
ogit. I, worlung backward, we are able to uocover the
reason why 1 chid w aitad of & dog or a dark baflway, or
why ke 1 thrown mte & tantrum by 3 seemuogiy inoocent
curcumstance, we are certmoly i 8 better poeition to clear
the mater up Much wwhappmess could ondoubtedly be
prevenred sf harmful habute could be broken ep or “recan-
ditianed” tn chuldhood as toon ee they appeart

Severa] experimentai studisa of the hest methods of dhm-
inanng or recondiniomng harmful habrts have recently been
undertaken, largely a5 e ouwtgrowth of the work we have
described. Among the mosr mteresung of these s the study
of ponatere! fearn in childheod carried our by Mary Cover
Jones [1924]) wader the guidance and with the advice of D,
Warson About seventy children 1 all, from three to teven
montha old, were the subpects, These children were all being

] n ap for the ¥y care of
children; they were from farly good homes aod were of
normal inteflect a8 determined by andivadual mental exymi-
zoutions. Children who showed marked fear of snakes, rats,
rabbits, (rogs, “scare™ faces (masks), loud sounds, and o
on were selected for study. The mamn object was the removal
of these uscless and hampenog forms of behavior, The fol-
lowing deseriptione will serve to allustrace the methodr em-
ployed by Mrs. Jones.

1. Thr Makod of Ebmination thromgh Duwre. Thn
method v grounded in the commen opuwen that a clildish
fear will graduslly wear iteell ont, if the child is shiclded
from the fear-nariving objecr. This may be troe when the
interval extands over long periods of tme during which
('5;; Wauon, | B, Fie Prycholopcal Car of the Jafont sad Chid

19z
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the ctild grows and enlazgen his expenences; but it did not
work very well in Jomes's tests, which extended over several
weeks and even mooths. At best, gnonng a fear, o shield-
g the child from fear-objecs would seem 1o be w racher
stupsd plan. Fears cannot all be se treated, nor can the
chuld be shicded all of 1 lfe.

2. The Method of Ferbel Appeal 1t it a common assump-
tiom of many parents that a child can wsaally be reasoned
with or talked out of his fears, of say, tnakes or dogs, that
by tellmg mories woven arocund the fear-ohject, ahowing
pictures, and the bke, the chald’s ¢unesity and mrerest wall
be sufficiently aroused to overcome his feer Mes. Jones tried
thie plan wath & fveyear-old girl who exfubiced marked
lear of a rabbie. Prcture-books of “Poter Rabbin" toy rab-
bats, god stonct were used to create nLerest o real rabbis
Ar the end of a week of tuch treatment, howevee, the chud'
fear of the real rabbit was ae stzong as before Apparently
verbal assuraoces are not yulficent defense sgamst 2 strong
fear urge. Here actione nar coly speak londer than words,
they speak more truthfully.

3 The Method of Negabve Adopiotion Negutive adap-
tation in plam language means thay fariianey breeds con-
tempt, The wlea bebind thiy method w thar the chuld will
finally become mdifferent or ueed to soakes, bugs, or even
“ghosts” w @ dark room, if such mtustions arc cocountered
often eaough. Thiv assumption aeeme fairly well founded.
In sgweepl metances Mre. Jones found that & chid, ongually
very much {nghtened by a white mt, became at least tol-
crant, if mot cxactly fnendly, when the ammal wan often
eesn arcund. Thie method would sesm to be valuable of
uned intelligently—i e, if the stimolations sz oot too fre-
quest por too drasus

4. The Method of Represnon. Children’s lears arc often
repressed or temporandy bidden under the surface when
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they are ridiculed by other childien or by wdults. Little
boys, particularly, of amund four or five and even younger
will often make & brave show, their desure oot to be echipaed
or made 1o feel wnfenor servinp Jor the tme to overcome
their real fehings. Bug the represnon of & fear in thee way
is dangerans business, a the remedy may turn out to be
worse than the ongmal eiimeat Mrs. Jonet found that in-
wead of bewng loat, a fear was alten more steooghy entreached
an & result of aocal ndienle and teasing.

5. The Mcethod of Dutracton. Thi tmethod, much used
by mothers 1n everyday child upbroging, conasts in pre-
semting an nbject ar other sumules s proncuncedly pos:-
tive in appeal that the chuld’s sttention a8 remporarily, at
least, dtracied from the {sar-chject Mre. Jones found thar
8 child's fear of 2 frog or mbbit rould be somewher leasencd
by placng toya and mher denegble playthungs near the
atumals. Yerbal ducractions, too, such an seothings, eall-
wg the ammal by same, powtng oot charactenetis of the
“bunny” or “hop-tead® proved useful in induciog the child
w0 forget b dear o b new mterest. But, as M. Jones
remarks, the presence of an aduolt (who doea the distracting)
mtroduces 1 vanable factor so what it ik imporable o tel]
how much of the child's confidence 1 due to the reliance and
trust which it placed in the protection of the grown-op.
At best, 1 coch cases, the faar is only tamporarily hghtensd
and 13 oot completely overcome.

B, The Mathod of Direct Cendvaowing. In thin method,
which has already betn cutlined i Section (63 wbove, on
attemnpt {8 made to assooate with the fesr-cbject same
definute stimuiue which 15 knoen to be capable of calling out
1 poeifve or pleasane response. The hope in that in ume the
fearchject will bring cat a poestive rather than 2 nogative
regction. 1o severa] experiments, Mrs. Jones oied lood a5
the pesitive sumuluschisst o overcome & specfic fexe of
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unimale, eg., » rabbit. The procedure was to put the rabhit
epan the tuble, or which the Jald's food bad been placed,
ut o sufficient distance not to interfere wnh the childs
eating, but close enpugh to keep the ammal well in sight.
Ax first the child are with a waty eye on the mabbit; sad
for several days thin conttrued wuh nothing happemmng,
Gradually the animal way moved closer and closer to the
food until fimelly tol chagged o indiff and
cven 1o the positive responte of reaching and stralng the
rabbut. While very successful in many cases, this method
requires the most careful haadling. If fear of the animal ar
other object is very intenwe, it may produce a negauve re-
spanse to the food, or such viclent crying and sercamng as
1o make the cild Jl. IF care and pauence are exercived,
however, it would veem to be the most effecuve merhod of
removing uscless and hampenng fears.

7. The Meibod of Socwal Stimudus, Mra, Jones reporta
several cases 1o which this method wes used successfully.
When & child dicovers that owher children—as well a
grown-upi—are not Trightsned at the sight of dogs, rabbits,
buge, 2nd 20 on, curiosty and sclf-azkertion are often power-
ful enough wo uncondiion his fear without more 1o do
Ta some extent thie in true alsa of adults, unless the fear
be decply ingramed an the result of some intense experience;
or else serves some yhenor purpose, Girl, for instance, are
oo more afrad of wrull agimale and bugs than boys up 1o
the pericd of adol When the “f: " period is
reached, girle find that it iz considered “femimne” and
rather commendable by the young males if they scream
und show fright at soch objects; and a0 2 leat, purtly [eigned,
1 developed. If an adult is in earnesc about ridding himeel
of n foclish and nseless fear, the original cavee must firt
be found and & periol of reeducation inmctuted until the
fear-shmulon bacomes no longer efscrive,




Watson's Studie of Infant Behavior 169

I the weven methods gatlinad in this sestion, undcubredly
the meat practwul are direct condiionng and sodal sutou-
Iation. While sometimes effective alone, verbal appeal, chm-
inatien through dwune, negative adapraton, repretmon, and
distrachon are probably moet valuable when employed to-
gecher mach the other tachniques. Which method (o employ
will depend opon the kind of Jear and e nvensity, ok well
a8 upon the chuld's general health, meelligencs, and enviroo-
taental backg Work on probl such as chese
Boing oo 1o many laboratoner throughout the country. Wat-
£on's studies marked the bspinnmg of the presest wide-
wpread aetivity and inverest in the problems of the pre-
schoal child.

Suggested Readiogs

1. An interesting account of the behavioriatic vicw of the
inatincts and emotigne may be found in J. B 'Wanon's
Prycholopy from the Stendpont of the Behawarst,
ad edition’ [ 1924), Chapters ¥1 and VIL

M and [ C. Sherman's TAr Process of Humor Be-
Aawor {1935) coneaine many importint recent experi-
meats with miante

For methods of reconditioning harmiul habies in chd-
dren, see | B Watson™ PrycAofogreal Core of the fn-
faut and Chud {1928}, wad M, C Joner's The Efims-
natron of Chldren's Fears, Joumel of Experimencal
Peychology (1934}, 7, 3B2-390.
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Chapter 8

GALTON AND THE MEASUREMENT OF
INDIVIDUAL DIFFERENCES

)

'HE emtment English soentist Sir Franeie Galton {1822-

w1} s probably best known to peychologmts as the
proncer stadent of hersdity and mnta] imagery, and an tl\e
first 2 to apply | methods sy
ta the prablem of differences berwean indniduals and among
groups Galton wai bot a peychologies 1n the profesmonal
sense, a5 be never beld aa aczdemic appointment, oov did
he confine humedf to work upon defimtely peychologial
problema. Huw interests were wnde and vaned According
1 Tecman {pages z4-z5), he showed the marka of genma
w early childbood, and hw later vermatiliy, onginaliny, and
mcuve wrerest 1o problems of all sorta bear out chis early
provise. Galton wan the founder of the eugenics mavement,
he established coe of the very firse laboratories (im 3BA4)
wherein mentad and phynical reps—moutly of the senson-
motor vanety—uwere ziven for & emall fee, and be innated,
2z already stated, the statibend study of individual difer-
CINTE.

The peychology of wdividual duf or “diffi jal
peychology™ deals in general wich the warfationt and dif-
ferencer between individuale and between groups in mental
traits and performances. In a broad senwe, individual differ-
encer wre the result of the two opposed bt at the same
time closely interwoven lorces of heredity and mnvipoment,

i
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or, more simply, nature and nurtore, Under the head of
nature we ray list such factoms as ;mmediate ancestry, race,
aex, and age; under pynure mune be iocloded all of the
socral, educational, culturai, and other extrinsic agencien
which affest the indsvidval from barth until death.

e of the most valwable teehmigques which has been de-
veloped for the study of individual differcoces is thar of
coreelation, the fundamental nonone of whuch were dusceoy-
ered by Galton and used by lum 1n bis stadies of the inheri-
tanee of tron Correlanon 33 & matheraticd method which
enables ane to secure 8 quantitabve atatement of the degres
of relatronship existing emong the many measercs of physi
cal and evental traite which ean be obtauned from indrviduals
and groupe. Degree ol relationship 1 expreased by the co-
efficrent of coreelation, & ratio denoted by the letter r. This
rauo may vary from Loo (perfert refationship) whrough o0
fap relationship) to —roo {perfect mverse relatiomahip).
T tocamiog may be demonsrrzred most memply, perhaps,
from such & chagram an that shown in Figure 17 Thin table
in taken from Galton’s Natwrel Fahertonce (1883), page
208, and represeatn graphecally the rteletion betwesn the
heighu of “mid-parenis® and their adul offipring, Galtom
ohimned the mud-parent heights by multiplnag the mother’s
height by 108 and averaging this vaive with thar of the
farher, The wame correction wae alee 2pplied to the heigh
of the female ofipnng, in order o give the lesser fomale
besghtn equal wmight wnth those of the males. Ax ench md-
parent i tounted separately with each offspring {of which
there ray be several), the wble shows many more ofapring
{g28) than mid-parens (3agh. The average hmght for both
mid-parents and offspnng is dose to 6834 inches, apd the
horizontsl and vertical lines drawn through the diagram
have been [ocated at this point in esch dirtrbution of
heights. The value of this “scatter disgram™ or corrdation
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table it showng relationship will bo eady grasped from
an dluscravon, Note the entry 34 ocar the center of the
diagram, Thu entry 1 cppovite the 68 g-nch entry in the
mid-parent column of heights and below the §B.2-inch entry
in the offspring row of hoghts. This meane that these thirty-
four adult ofspring weeh an aversge heght of 682 iaches
possmased mid-parents whose sverage or mean height wag
68 § mches. The other cotrits arc interpreted in cxnctly the
narme way. Now conuder the cbhigue Line deawn acroes the
duagram from the upper right-hand corner te the lower left-
bheod cormer. Thie Line tepresents the trepd of medien
(roughty average} beghtn of offapeing correaponding to the
mid-parent heights pven in the first column The caleulated
median heights of the ofipring wheeh serve o locate ths
live are gven [n the Iaeg colomn of the dugram If now
the medan beght of each growp of offapning 18 compared
with the mud-parent hesght in the same row, it wii be
seee by reading down the colemn that the adolt offspring
are on the avergge shghly &dow thew mrd-parcnts in
height, e.g, 3.2 < 72.5, 699 < FL.5, Spy < 705, and so on
uptdl the mean in reached. After the mean, the ofapnng tend
to be shghtly abovs their mid-parents 1 hoght, cg.,
65.8 2 64.5, 66.7 ° 65.5, and a0 oo, Tha tendency of the
heighte of offspring, © deviate sway from the hegha of their
parents and back toward the mesn height of bath parents
and adult children (685 fmches) was called by Galiem
the Law of Filwl Regreasion. This law s the sxpres-
sign of o natural reodency vo protecy the race from extromes.
It will readily be seen that unlem some soch poociple held
truz—if tall parenta tended be hare still taller chidren aad
whort pereoth will shorer childrsn—we thould soen have &
race of giancs on the ooe hand and of dwarfs on the other.
Undoubtedly the Law of Filial Regrestion must hold in a
peneeal way for mentel trams an well an for physical charse-
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tertaticn; ita op is ited 10 the ively infre-
quent wppearaace of fl‘enh ut cither eatreme of the mental
ability weale,

In addmen te the tendeney for the betghts of adulr off-
¥pring 1o vary away from the heghrs of their parents and
regreni back towarde the mean, 1t 1 endent from Fugure 17
that the entries are clustered e the vpper rght-hand and
the lower left-hand secisons of the diagram. Thus meeos that
tall mad-parenis tend 1o geoeral w have wil children and
thor parcots to have short offspring; or, 1 other words,
the heights of parent and offsprng 1end to be related The
best single measura of thes rel hip, 12, of the teodency
of two traits to vary together, 15 the cocffident of correla-
tioa. Galton first used the symbol r a0 3 messuce of the

or of off g away from the parenc
and back toward the meen of the \\dlulc group, 18 descrbed
in Figure 17, The symbal 7 a5 sull used to dencte the co-
efficent of corcelavon, altheugh the idea of regremsiom is
o lopger necessanty imptied by it The mathematica] deriva-
tion of r was made by Karl Pearson, oac of Galton's cady
followers and the foremosr living Enghsh statistcian. The
calenlatian of r in somewhat involved, and since it in de-
scribad 1o detail i meny clemeatary terhooks on statintice®
it will be unnecessacy for our purposs  to ootliee it here.
Since Galtonn time, literally hundredy of cortclabins bave
been [eted, 30 that the rel of mon of the
physical traits and many of the mental cmes it gow fairly
well eatablished. Te Gulton belongs the eredst of having
firat shown that quantitative selationships between abilities
can be calculated, and of having demonmrated the value of
correlation.

e H B Gprrett, Sty m Pryckolnry aad Edvesoa {igst),
Clug OL or K ] Holunger, Stahwtudl Methads for Studenes an .2
catowm {19a8), Chap TX
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(3}

In studyiog the problem of individual differzoees, it is
well-nigh impoesible w investigate the réle of natve faceon
apart from & howr of soaal mApescer yomeumes very defi-
rult to evaluste. This follows from the fact that mbrinae
agencies such a0 immediate ancestry (heredity], sex, and
race always operzte m some definute envirommental setting
Beﬂmu of this, the Rellowing discustion, nh:h:mgh devated

iy to a of pative di will aet
1me nsm. of such condmoning factor as thoss o{ custom,
trameg, apd tradmion.

In lus Heredoary Gemng, ficst publivhed in 1860 wnd
later w T892, Galton attacked specfically the quesnen of
the nhertance of conepuupus ability or talemt Thu war
the firgt mansnical srudy of the oflet of immediate inhen-
tance upon achievement Galton sclected for study g7
emment Brmsh men, earh of whom he judged would rank
a3 one mao 10 4,000 m ebility These eckecuicon were besed
upon & ewrvey of the man’s woccomplabments, upen bue
bagraphy, and upen all other available mnlormation Anemg
those weluded 1o the gy wers judges, swteamen, premicrs
of England icom around 1768 to 1868, commanders, kugrary
snd sowendfic men, pocts, artets, and clergymen. Galton’s
method wag to inquire whether there men had more emunent
clatives—father, brothers, sons, undles, and othert—than
would be expected of any average gy men aclected from
the general populaton. His findugs showed that his aelecred
gronp of 97 had close relatives equally an crmncat as them-
nebvey ap follows. Bo Fathers, 114 brothers, 129 soos, or 312
in all ax agamst & probable oumber of only 1 Moreover, thix
same grovp had 201 equally eminent grandfathers, grand-
wotie, tmcles, and acphews, 0 agemst a probable oember
of 3. The probatulities of 1 and § here stated mean vimply
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that the sratistical chances are 1 and 3, respectively, that s
average group of 577 men will have cminent relativer up w
Galtor™s standard of 1 10 4000, In ancther atody of the
ipheritance of arostic ability, Galton found that in thinty
families wherein both parents were arustic, &4 per ceat of
the children were arustic, while in 150 families wheremn
asither paren: wat aruaie, orly 2o per cent of the offsprng
showed artistee abibity Cther stodics of relaved individuzle
showed a tendeacy for tramn 1o be Jound in a Lke degres
in parents and offsponog. Galton tock these data to imply
the great superonty of heredity over enwircoment. Even
the best environment, he congended, iv ynable to raee »
man to & poution of emoence uoless be pomctses nacural
plts of a bigh order,

The atatistical studies begun by Galon were extended
and increased in wcope by Kard Franen, Galtn's disciple
and, wince 1911, Galton Professor of Eugenscr ax che Uni-
versity of London, In one typucal study, Pearson {1go4)
had aboot 2,000 brothers and sisters rated by thew lnchm
for 11 vivacy, pop Y
wempar, self and hand g
In cach of these ok cxcept haodwrl and
temper, the wirvideal raved wan described simply av falling
iowo the upper or lower group with respect to the gpiven coart
Correlations for all eght tearts averaged .52 between brather
aed brother, .51 berweesn mster and sister, and .52 between
brother and wiater Pearson had discovered that the correls-
tion between such attnbotes 4y eye-color, har-color, beighe,
#nd length of forearm, over which enwircoment can have
litlle if any cffect, also avcraged from .50 to 55 for wblings
fi., brothers and siten ). From thete results he argued that
vinee the relationship of physical trate muat be due to hered-
ity, and sinee these chazactenstics are oo more ughly reluted
thaa mental crais, che correlaucn of the latter must alic
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be basically the result of bereditary mBuences, He writes.
“We are forced, T chonk lierally forced, 1o the conelusien
that the physeal and paychical characters in man ace io-
hented within broad lines 1 the same manner and wich
the pame intensity,” Pearson also Found that rescmblance
in mental trante between parent pnd child 1k exprested by
an 7 of o

Despute the authority which thete statestical stndics carry
with them because of the emunence of their authors, several
difficultics anee in accepting therr resulte 8s ndicating he-
yood quéestion the predocnant mAusnce of beredity ever
eovironment upon achievement The firat and mest obvious
difficuley s the emor of unfair selecbon, Gelton's cheice of
cminent ten Wik almost wmevitably affected by subjective
factore sych a8 personal bue and preferences a0 well as by
the relatively preater accesmbility of dete on pome men
then oo others. 1t 18 extremely doubeful whether cmmence
as 3 vrarsaman, 10 which pelitical and social condiviens play
80 large & rdle, can be equeted to emincmce 28 2o artg
or a8 @ man of scence Agan, w0 w doubtiul whether o
man’s true worth can be correctly judged from the Jength
of b buography or from what b contemporanes thaok of
Rien, And it in uonecessary 1o add that we do not know jum
what part eocul factors and famdy tradedon, \ﬂdﬂ!, mdu-
catio, and opp y played i d
of Galton's seleced group. The ermar of unl’mr selection iz
almest. certuinly present, too, n Pearscn’s ratnga For one
thing, the teachers who &d the catng koew that the wvesn-
gatien was devigned o ducover whether childven of the same
parents resembie each arher, snd henoe they very probably
were locking for resemblances more often than not. More-
over, paire of ublings were ruted agamer each other racher
than separately on all the trans, thus giving ample oppor-
wonity for Ides and dislikes o come inte play. Finally,
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FPeannaw’s twolold clamsificanon of traits wes cxtremely
rough, makmg chence errora hghly probable.

Edll another difficufty which regularly arees in studies
of this kind wheran the guestionnaire method——nvented
by Galtop—# used, or whersn rannge are required, has
been often ponced oue by Thorndike. Thie ja the socelled
"halo” cffect, which means wmply that when ma individual
1a rared for sncellgence, say, and then for & aumber of other
trmts, snch, for wnstance, as reliability, beuesty, and cour-
tety, it i nex to smpeamble 1o prevent hie firt ratag ar
muogs from unduly infoencing the othert. An oft-quoted
ustravon of halo v that of Rogy (1921), who cites the
cane of an Amencan oflicer 1o the World War who, although
one of the moay entelligent men m huy group ap measured
by army Alphe, was regulacly rated bow for mielligence by
I\u fellow-oficera h!naung be w50 [hnmnsl\ly dualiked,

inertag, of the
traits 1o be raced, not w meaton pr\qudm and cavy, arc
inflaential forces m producog a halo affect Besde the un-
known amount of balo m Pearson's rahoge, it seems evident
too that such ch as temper, populingy, vivacity,
and handwntng muet depend 0 a large degree upon heslth,
hame condutions, truning and degree of stimulaton [y 1
ampossible, then, to say just how much of Prearson's fra-
ternal eorralation of J5o 1 menta] trats is the resylt of oa-
bve and how much of eovircomental factors.

{3}

lo wpire of che cbviour hmitations of this early work,
later atudies strongly suggest that, f ngt entirely correct 1
sttobotog b fratermal r of .52 to hersdity, Prarsen was
cortainly entirely nght in emphasaing the greater potency
of heredity over covironment. Cuoc of the mest extensovn
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of recent invesbgatioms heanng oo this topsc i Terman's
sudy of giired choldren {1925), mentioued bnefly clacwhere
{page 23} ar evdeooe that high intelligence is probably
inherted Tt mill be comembered that & pfted child in Ter-
man's sense means 3 child wach an [ Q of 130 or sbove In
Terman's man cxpenmental growp of &34 children, seventy-
three famlies comtnbuted two pited chldren, and wee
famdies contrbyted three or mose, The aumber of famlics
1 which two boght children were fonnd wan more than
L,200 umes the oumber which chance alone would allow.
Neardy one fourth of the members of the Hall of Fame were
related wo b group, whule many of thewr parenty and oear
ullum held or heve held majer polmcal offices, college
P prof Rips, and butineis po-
sfticns.

The zpth Yearbook of the Natooal Seocty for the
Study of Edutation (1428) <omtmins many valuable studies
of the relatve importsnce of nature and ourtwre H. E
Jones, for mstance, reports a study of 1oj famiber coo-
taumng 317 shildrea, all of whom had been born and reared
. rural sections of New England The general intelligence
of parents and adult offspnng was measured by the army
Alpha, that of the younger children by the Stanford Re-
wision of the Binct e, The sample nela:ted for stndy
was | v good, since edu-
clunn, bome traiming, am\nememg and church influences
were cossly nmlar for all members of the group More-
ower, all of the mdonduals tested were natve-bom whates
of old Amencan (mosdy Boush) scock and ooly Eogluh
wat ipoken 1o ther bomes Correlations berwesn brothers
and metera weee found by Jones to be 49; between father
and ¢hild, .57, and between mother and chud, 35 Thae
renults are very sinular—almoet wdentical tn facy—mnth those

Peprnon. Working mth s group of mote than 1,000
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ublings, all kigh school stadents, Thorndike {in thie same
volume) reports & corelation of 60 between mbling ecores
on a battery of tests deaigord to measure gencrdl ahilicy
Thorndike remarks that if Pearson's coefficient of 50— 52
for aiblings 1 phywezl traic i accepted an piving the
dduted native or inheri bl then the effzct
of the envimmment 15 to mise the mbling correlaticn from
.52 1o .60, Provaded rhat .5a really reprascots true native
ressmblance, this result 23ngns an excoedingly meager in-
fuence to coviconment
‘Twn very extengive studica, bath from the 27th Yearbook,
beanng upon the influemces of immediste ancertey and
aurture should at leart be mentioned before lenving this
wopic. The first deals chiefly with the influrnce of emaran-
ment upon the wielhigence of children It was counducted by
F. N. Freeman, K. ). Holzinger, and othery at the Unversity
of Chicagn The second deals sapecully with the relative
cllects of neture eod ourture upon iotelbgenee. It was car-
ried oot by Barbara 5. Burka ar Stanford Universrty ynder
the general sepernfion of Lo M. Terman Both studics
mike une of losrer children, and zecept the Sunlord Revition
an their standard measure of general intelligence. Foster
childeen were selected for study becanee therr foster homes
are usudlly superior w thew beredity The gives the in-
vestigatar the opportamty of sseing whether soch chuldren
will show an 1 G ¢orrespondiog bo ther heredity, or whethee
their superor eovironment wil opetate to increase their
I1Q. In the Chicago study it was found that children who
wore teated ¢m bemg placed in foster homes had gained
on the average seven polats in I 0 when reteited after ebout
four yewra of remdence. Children placed m superior howmen
(e statos of the homs was meanured by cerain ratiog
devices] gmaned about ten points of T ; those in below-
average homes, abour five paists, The Stanford study found
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an average gain of five to wz points of I Q as a result of
resudence i good foster homes. Both of theae stodies agree,
therefore, that an wverage home covironment may raee
the T G five to six points, while a superior home may i
creeac it atill more. Unlortunately this concluacn iv pex
cutirely ctrtawm, owiog to the many uocootrolled factors
which enter iato the chowe of a foster child, the unceriainty
of the heredity of many of the foster children, and the
difficulty in establubing with exactude the coltursl siatus
of the foster bome. Cerwainly, however, the weight of evi-
dence wnctines go the concumon that eovironment has re-
markably Ittle cfect npem general atellipence.

)

The most ducct way of evaluating the wfluence of ym-
mediate anceatry i through the study of tenns, aince cwing
represent che nearest approach to wdenvcal heredity. Here
sgun Galtan was the puncer. In b Fogurer o the
Humaz Faculty (18B3) bhe giver an ittcrctting mammative
account of hin sudy of twio resemblance. Galton collected
data on rbout eighty pairs of twine from teachers, fmends,
parents, and the twins themaclves. These meports are in the
nature of stores, aoecdotes, and the like, for the moet pant
streing the prevalent adea that twins are much more altee
in mental characteristics than mblngs. Galton's recards
have little acentrfic valudity, in spite ol thar historcal in-
Terest, b reports collected from untraned obeervers are in-
variably colored by all sonts of temperamental amd amo-
unnll inferences It should be nuu:d In:mw:r, that Galton
did dutinguish betwezn fi imd | twaz,
Fraternal or non-identical twime are really the remglt of
multiple burthe and develop from two fertihzed ova. They
muy be bath of the same g6z o of the epposite sez. Nee-
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fracernal or identical twine are probably developed from &
mingic cvom and are abways of the same $&x. Ther roem-
blance 15 seriloing, and st = often difficult to cell them apart.

Tharmdike's study in 1505 was the Bret quanttabve study
of meatal resemblence in twne He measured fifey paws of
Twing oo G mental tests, companng the correlation beowesn
their neores with the correlation of mblhiogs oo the seme
tests. The s for the teans ranged from 7o o So with a
mean at B, while the #'s for mblings sveraged around 3o
Thormdike next divided bas owine mto younger twvane [moe
1o ¢leven years) and older vy {twelve to fourteen years)
and computed correlations amoog bie ax tests Jor the twa
groups scparately, The average r for the younger twins was
.83, for the clder (wina 7a, ndicating that older twins are
no more alke than younger twane o che functipns meas-
ured by the tests. Thomndike argucs thet o resemblances
berwern (win-pairs in mental abibity are the resylt of com-
man traung and commen surmundmgs in echodl and hame,
the older twims showld be mere alike than the younger,
especially in those traits much wfuencsd by traming. Since
Lia results show the opposite to be true, he concludes that
the chancen dexidedly faver common bersdity ai the cause
of twin resemblance.

Many carclul stodice of twios have been made nince
Thorndike's wudy with more caver, better techmgque, and
becter texta; bat the reaults are not far diferent from his
Endings. Merrmman {19a4) found the r betwesn 1 Q (San-
ford-Binet) for fovty-teven twins five to mne years ald to be
&1; for ffty-oight twane ten o sizteen yeary old, .76 Lauter-
bach {1925} using twenty-one taxte a0d a1a twan paies, fouod
that likesex twint {probably nem-fraternal or identicnl) wre
mych more atike in both phyacal and mnl tharacteristica
than unlik twina {probably f dentical)
the latter bewng ur.lrtr.ly more alike than ub.lu'.\gl The av-
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erage r for seven mental veste was for hke-tex twing 67,
Tor ualike-acz twens 41. Fildeeth {1gts), using many meas-
uremencs, finds the average correlation for twins to be ap-
proumately 75, for whhiogs sbout go All in all, these
wudier of twine indicate quite definitely {3) thet twins are
in groeral more aljor than mblngs, and (a) thar identcal
rwme are more alike than non-identical. The dference
Between the o5 for mental trans of around .50 (for miblings)
and 75 (for twima) may be reaponably atrributed 1o the
more nearly identieal inbentance of the twin-pairs.

To swmmarize briefiy what has been said i the tast thres
sections, it may be ropeated that moat careful [nvestigazon
arz convinced that native factors—heredity in general—are
far more potent than environmental agencies wn Raing both
the wwttel amount of an indwvidual's aptitndes and the sxent
10 which thete may be developed But no one would dispute
the fact thar oo matter how geeat 2 child's potential abihity,
1t cpnnot express iteeli adequately woless such emvinop-
mental factors an discae, cruel treatment, and depnivatien
{rom normal contacts are defimuely neglgible or are oot
present at all.

13

Competent mvaatigators wha have studied the question
of differences in ability berween the seset are comvanced that
an the whole such differepcen are amall; and that, when
they exmt, are probably to be annboted (o 4 complex of
temperemental and social factors rather theo to inome
or hereditary differences e capadty for achicvement. The
very differemt trainiog given men wnd women until wery
recent Times; the attitude of bath men and women towand
women entering business gr the professions; the tradronal
iden of what constitutes @ man's work and of what con-
atitutes 8 woman's—all of thess things bave so colored
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the whele questron ad' sex d.\ﬂcmnua i mental -
pacty that an unt Jy band to
reach, Sull ancther cnmp]lc.lum n:mh:n from the exclusive
rdle of woman &f mother and aurse of ber offspring. Ooe of
the exrlieat studies of sex differencey in abilicy was con-
ducted by Helen Thompeon at the Univernty of Chicago
o 1gas. A vaoety of toe were employed, woluding meas-
ures of motor ability, sepaory acwiry apd dweremimagion,
and intellectoal ahility, the whele battery requinog between
fifteen and twenty bours o admunister, The subrecu were
twenty-five men apd twengy-fve women college undergrady-
aten, berween the ages of owenty and twenry-five yean with
2 few exceptions, The results of these tests may be sum-
marized bocfly as follows: In motor tosts of speed and ac-
curacy of movement, except 1 apeed and accuracy of sor-
ing cards mocording to coler, the men did shghely better
than the women; 1 seosory toats of smell, waste, pitch dis—
crumiation, and accoracy i judgiog weights, there were
no difercaces, m tests of rote memery, the women weore
stightly better than the men; i quicknms m aclving “in-
genutty™ problems, the men were shghtly ahead, It must
be emphaorzed that in mearly every case the averlappimg
was very grest and the differences extremely $inall, mort
of them being unreliable In no case did the poorest member
of one group acore higher than the best of the other. In
short, the differences wntkin sther group were very much
greater thao the difersnces berween typrcal membenn of
the two groups: the gap berween a high-ranking man and
# low.ranking man wes much greater thaa the gap between
the average man and the average woman ‘Thompron™s
graups were highly selacred, and their amall wezs lmiga
considerably the geocez! apphicablity of her findings.
Pearsen {r9e) In his stody of the reicmblances of sihs,
mentioned before, had brothers and sisters raved by their
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teacher for such attributes as athlenc aputede, intelligence,
shynesp, good temper, aond conscentiowenesr A¢ already
powted out, Pearson’s results are open to the errorn of
bine and musandecstanding hkely to affect all raungs, but
despine thi their wend sn general ia probably {wdy sadi-
cative of any macked differcnces between brothers aod sin-
ters. Acenrding to Prarioa's findings, boye are more athlete
than girls, tnore noky, more self-conscious, and gquicker-
wempered; porls are more inchoed to be shy and are more
conamentious Boya and gurls were about equally intelligent
25 Judged by thar teachers.

Huongreds of erudies of wex differencer bave been made
for all sorts of treits fince these carly studien [0 would be
impotmble to descnibe zll of them bnefly, and m many
casen oot worth while, 1n general, differences reporred be-
tween the scxes have been amall and often directly contra-
dictory. We shall try to summanee what appear to be the
majer and more reliable findings under the following heads,
differences in physical charactedstica, differences 1n sensory
treta; daff i moter and h 1 abaleoies; daffer-
ences 1o moental sud emotonal trae. e muce always be re-
membered i what follows thar, when one sex 0 sad to be
*better™ i wome peclormance than the othee, the mesmng
mtended 13 better on the average. In no tran is there an
absence of ovelapping of male and female,

z. Sex Drffergncer w Phyneal Trots, Untd puberty mt
least, gifs have boen found to be more advanced then
boyi of the same age m beght, weght, deatinen, and anar-
omical and physclegical maturicy, The bran of the female
in amaller than that of the male, but i preportion to the
weght of the body it in beavier, Women bave & faster hean-
beat than men, and their simple refoxes are usually fuster.
Mm have larger muscles than women, and excel them in
fratn of endurance and physwal strengrh.
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2. Bex Ihfieremcer wn Sensory Traits, Tews in this field
have usually gven small and eften contradictory results
‘There are probably no real differzoces between women and
men in viswal and audwory acuny and diecnmugation,
Women are commstently faster than men m disenmineting
differencet among coloms zed i quekness of pereepton.
Men judge dFerences wm weight somewhar beqer than
women and stand pan beteer,

3. Bex Daffrremcas m Motor and Mechamwd Trauir.
Women wre conmatently faster than men in cancellation tess
‘There are no real differences in ermple mator functiose such
wn tappung end trecog. Boys are ne:r:ly always berrer than

ke perd teste of & wom, in form-
board tt,ibt, and in Lracmg maze, 'Thqr are also supenor m
tents of | h 1 aputude, and

knowledge of mechanweal chings "Much of this differenee "
undoubtedly the result of traiming wad the carly cultivateon
of very dufferent inrereres. Boys are gver mechamcal tove
and bicycles, girls dolls and weariog apparel, and such
things soon rome te be wWentfied as belongug propedy w
the male or 1o the female sex.

4 Sex Differences in Menzal and Emonanal Traus, Mon
stodied @gTee in rEpOMtng wWomen a3 better than men
nearly all wearr of memory, Girle aloocat dlwaye do better
than boya on vocabulary tests, ws well @s on teate Invelving
language ummge and verbal associatwn. Terman found gl
slightly better than boys oa the Stanford-Bunet ot carh age
up to fourteen, & repult whuch may be due to the large werbal
content of the test Boy are fairly consatently better in
teats iovelving numbere aod spatial concepts {of 2 peometric
wort), and in arichmetic reasomog tests. Men usually do
begter than women oo generg] informanes tests, owiog partly
no doobt to their geeater opportunity for cootacts in thewr
businers and profesnional lives. In group intclhgence trats
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there xre no reltable differences in faver of ether sex; the
superionty of high school boye ever hugh school girs sorge-
vk reported a6 probably to be cxplained by the fact that
high schonl boys form a more hghly sebected group than
bigh school grie. If mupud boys drop oot of achool exrlier
and more often than spid gmirlk the boys who survive
high schood will be, oo the average, somewhat better than
the girls Girle are definstely and regularly better than boye
in school work, Thae has been explained ae dur to the slower
physical development of the boys, o the greaer doclity of
the gils, and to varous temperamental factors. In selecting
e potential gemuses, Terman found that 547 per cent
were boys and 453 per cant prle. The occurrence of mare
very bright boys then very bright gire has been ommented
upon by scveral wvestgators, and has been attnbueed by
powme te the reputed greater varmbility of the male sex
raental teaws. Greper vanabihty m males wopld mean chat
men range higher {and of course lower, too) on a scale of
intellectual sblity cven when the average man and the
average woman are abont equally endowed Greater varia-
bility would accopnt for the greater number of male gen-
juses, and for the greater achicvement of meo in geoeral.
This i & very neat crplanation, bur sace equally comnpetent
investigators dispure the snidence for greater vanabdity in
male, the issue is by no meens settled,

Stodics of rex didf in I and
trarts have given fewr defimre and conaistent raulu Women
are rcpoﬂed to be more rerasted in persans and personal
men in and al things. Studica

of nex differences in froe sssocation ndicete 3 wendency
for women®s associanons (o run more to personal ornament
and to concrete and mdvidual problems, while men's 1o~
ciations exhibit rather sn nterest @ business reladoa,
monry-makizg, wod geeeral apd abstract matters. Duffer-
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enpen in ion and 1m pref for bocks and
pictures refleer 1o many thinge beudes the sex of the ab-
server that any differenctt found are scarcely to be at-
tnbuted to it tlone. Women have bren reported to be more
impulseve than men; more introverted, less given to cxer-
civing foresight, but euch statements ace Ittle more thas
opImons.

Mot ol the sudies of vex differences are open to one or
both of the followwing crnticems. (1} the samples are aften
very small and many umes ate selested by different entenia,
and (z) many of the tests used to measure abilites are un-
rebiable stanurtacally, and the meamiag of ther storee is un-
cerain To say, for ingtance, that boys are supenor o girls
in “logical reasonng” meank hittle wnless one kaows the tost
from the resuln of which thia conclumion was draws The
oaly geoeral conclunon that one may deaw from the mase of
wvailable dace iv thar women are usually betcer 1o cesm of
language, verbal usage, vocabulary, and memery; that men
wre generally better in teans of anthMetic reeEomng, o per=
formance and mappunlative (ests, and 1o the abilicy o deal
with spatial cancepts of 2 gpeomettic mort Whatever the
wonsrderations tay b [and concevably (hey could be
many} which gude parents and educators in planong sep-
wrate courses of study for boys and gids, certamnly the as-
sumpoen of marked differences 1n mental abuity need play
10 IMparant part in them.

)

The sody of individuel differences which #rike from re-
mote ancestry or reonl extrachion 15 complicated even more
than the questicn of sex differences by prejudice, biss,
proconceived motions of supenority mnd anferority, and
special pleading. There in difficulty, o, in defining just what
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is meant by & “race,” hecause of the great sdmizture which
bas goae on all over the world Tf, 29 some anthropologine
hold, the white peoples of Encope can be diveded inte three
great racial groups, Nocde, Alpine, and Mednerranean, oo
the basin of diferences m cye-color and haircolor, stature,
head shape, and other anatonncal charaererstics, then almost
every mational group 15 & compound of all three of thewe
stratns. The modern Bnuash, for metance, are Scandinavian
Nerdie, Korman-French Alpine, and 01d Celue Medmerran-
ean, one ot the other prran being dominant depending vpon
the yection of the counery eclected for study. The modern
Germana and Italisns are equally as mmed 2 poople, the
German being largely Nordic and Alpise, the Lalan Alpume
and Mediterranean. Probably the Swedes reproent as pure
a srain as any, beng very largely Nordic

Opiowone on race differences vary all the way from a
firm belief 1n the pative aupenonay of certamn grovps (usually
including cne’s owmn) to the diametrically opposed wicw chat
there are really oo bereditary racal diffecences, such d-
vernues an appear being the resglt of wnde differences in
coltern, lund of education 2od trping, tradinons, customa,
relatire iolation ffom other groops, and chmate sad geo-
graphical {actore. Galron wae a firm believer in race differ-
ences in nauve capacity; and it was to improve his cen
raca that he initmted the cugenice movements i (383
Galton concloded, a¢ a result of hus chaervations and study
of the hstory and acoompliwhments of the different races,
repors of travelers, and other data, that the Negmo & (we
grades in menta! capacity below the modern Englishman,
who in twrm i two grades below the anciset Adwenian
Greek. Galwon's swale of intellectual abluy contamed wixteen
#teps and ranged from very high e extremely low cupacity.

Beth Galten’s conclusions and bi scals have been cnt-
czad, the latter on the score that it ia achitrary atd sub-
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jective, the farmer on the scorc that it is not justfisble o
compare races on the baew of the pumber of famous men
produced, or i terma of apparsot progress; wmoe, for one
thung, 1t 15 bard to defive progrem; and for another, yocial
ooudhoons and chmatic and geographucal locations cannct
be squatcd. Granted that thi 16 undemiably true, it weuld
scem nevertheloss that wede varauons n kecomplihment
eed 1o the bwlding-up of wn ordered ovihized Lfe must go
deeper than the cffocts produced by cevieonment and cul-
ture. Probably no une would contend sencusly that che
Awstralizn Bushman hes shown the same capaoty for
nchievement an the present inhabicants of that country, or
that Afrncan tribes have shown the sama sptitnde for scien-
ufic 1nvention s, ey, the modermn Germzos In other words,
Galton’s cententcd (hat there are sauve differences 1o 12-
rellectnal capaety berween races far removed from each
other on a sl of accomphshment would certanly scem to
be justified A Thomdike aptly remarkes. “Common cbres-
vation of the Afrncwn and the Evropran, for example, decides
that the lacter % wupened 1a intellec, enterprise, and self-
reliance . . - owo races need not be equally gified because
each 15 squally well adapted to 1ts envicanment, of the secard
race bae by supenor entérpnae sought out or ceeated a2
more exactng but alw more zemunermuve eavironment
. . . The Bushman may count all that he nesds to count,
but to put oncsclf in w poston that necds algebra and
calculus may iwelf be a symprom of superosity . . . The
very Exct that » centain test aeems uafair to the Bushman
may be endence of his infenongy”

Wide divergences in culture and attainment batween races
zra nat s difficult to explun, The real wrouble anecs io
decdimg to what caoses we may steibute sroall and variable
differencer in wental méasnrements betwren two racul
groupe. So far, there ir 0o way of solabog native factors
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from these of training and envirenment, and it may well be
that ne method of daung tha satmfsctonly will ever be
found, Inff Ly offer a derable chatacle,
ar well an reats which mean one thiag to coe group and
ancther and different thing to eaother group Cuolturs sod
convention—habis of thought and iction eod menner o
[ring—vary widely, and ther snfluences are nest to mm-
pussble to evaluate This 13 well dlustrated by Boas's ex-
ample of an Jialan child who 12 & prelucecompletron test
put  crunfiz over the door of o house from wheh the
chimney was russog” In thie child’s czpenence o croediz
was more pecesszry to 4 houns thin a chimney; and hence
bur response, 10 view of e backgronnd, was an imtelbgent
ome, &lbat “wrong” from the poat of vicw of the teat.
Hupdreds of studies have been made moan cliort to cralu-
ata the mil of racial upen
Without attempting to discuss more than & fracoen of thean,
we ahall try in the et few parsgraphs to guve thase revulin
which neem 10 be mast, relubly establuhed, Studies of prami-
bve peaples, w2 m the puoneer study of Weodworth made
mt the 5t Loois Ezposition i 1904, indwate that these
races do ot differ markedly from the modera white Euro-
pean or Amencan 1o keenness of vimom, in hearing, in sena-
tvity to pawn and pressure, or m dehcacy of sk and
muscle senres. Form-board teats {soc page L4), devigmed
to gauge soceflectunl acuwvity of & cnple and mudimentary
wort, brought out no reluble differences between whitea
and many [lesr cultured folk such as Eskunos, Indiaos,
Filiptnos, and Sighalese, bot the Negnto and the Pygmy
(Afncan tribes of small stataee and excremely low culture)
did oo better than low-grade ar even imbecile whetes. Sinee
the feebleminded white difers leant from the aormal in
* Parure-completion Levia wrw drawiap 1 which somathing Teft oot u
to be wdded by the child
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physical chareteristics and mover abitities mad most in
languege end verbal usage {reprosemted by the stock teats
of grueral intelligence], this result makes it appear probable
that the intellectual gap between the oviksed whie aad
these primitive folk is distinctly wide.

In Amenca a greet many srudies bave boen made of the
performance of the Negre on mental testy, and an a result
of thete the inferonty of the Nagro to the white ta mental
abulety hae been frequently asseried. It b extremely bard,
however, to tell how much of the Negro's apparent infarionty
should be atorbured w0 hoa lower sacial atatus, usually m-
fenor training, and lack of opportonity for wide comtacts.
The fact that the Negro seldier scored on the average lower
then the white oo both languege #nd poctanguage tests
hae bren discussed clsewhere and smme of the dificulties in
acvepting thie findhog at Eace vilue bave been indicated
{pages 40-41). Mayo {1915), in a study of negro high achool
atudents in Mew York city, found that on the average they
reman 0 wchenl donger than the white; they averaga sbout
aeven months clder than white students judged to be of
approomately the same tocl status; and they are somo-
what inferior in school work, caly about 30 per cent doing
4 well ax ar berter than the average white uudent, Maye's
negro stodents were more stringently selected than hin white
stodents, a8 ooly the mors ambitous and able negroes,
upnally, remain in bigh echoal; heoce the nferionmy of the
negroes in probably cven greater than his fgures indicare
Fergusen {1916} administered 2 number of mental teste to
white and negro students in three Southern cties in an =fort
to atudy abilities less complicated by social facvors than
schoo! marks. On these s the negroes retumed per-
formances about threcfoorths w good am thoae of the
whites, When clasnified 2k to skin-color, thoss negroes with
apparcntly tha highest degres of white blood approsimared
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most closely to the white score. On the whole, it is band te
e hew differanges in eslectron or in cooal sgamue can account
for all of the difference found in these studics, although it
mught very well account for part of it [ two later rtudiss,
A, H. Arhitr (1921} and D Bunne (1924) bave found {uiry
consistent dilfereoes in mental performance in faver of the
whitet aver the pegroes about as large as thete of Ferguson
and Mayo. Aditt stresses partculardy the neccemty lor
taking wecounmt of vocd mavgs. When white and ocgro
children are really equated for eomal status, dhe sy, the
snpenonty of the white o much reduced. For example, she
found that withia the white group coly there was @ gap
1 of thirty-three points berwesn thase children from very
superior aod thoss from very inferior social surroundings.
Thit it @ wider inellectual gap than that between whites
and negroes, byt it muat be noted that even the “Uoferor®
and “vety inferior™ whites wze alightdy akead of the oe-

groe.

On the whole, ane mus admit that the cegro measures
consistently below the white on teats designed to gauge men-
tal ability, Whether these differences gee chiclly netive or
chiefly envirenmental, we cannot ot prevent say, but a rea-
vogable view ju that oavive diferences play same part. Thu
doen not alter the fact, of cooree, that becanse of the over-
lapping of ost scoves, muny osgrots return scores much
bener than those of whites whowe scorer are gverage or
above average.

There have been a few atudies of temperamental differ-
eoces between negroee and whites. In coe study . H. Me-
Fadden and J. F. Dashicit {1923) foond amalt and unreliabie
differences on the Downey Wl-Temperament Test, & text
designed to measure mnpeumennl and mpu]ma tnm.
A_L. Crane {1923) has pred
the fear reactions of negroes and w!um na laboratory sitg-
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aticn. Flis tent conmated in geasunng the ahility 1o inkibit
the withdrawal of the hand from an apparssus when & weight
appeared to be falbng upoa it Although cach subject had
been ansmred that ne herm wonld come 1o him, many were
unsble, deepite this fact, to keep from pulling whe hand away
Crape found among the whites fewer complete withdrawals
than amoog the negroes, but a grester tendemey 1o mthdraw
ak shown by imall tentatve movements, tntchings of the
wrm muscles, and sudden catchings of the brenth, He con-
cludes that negrocs ere more given to sudden and overt im-
pulsive reactons, the whites being more inbubreed, and leas
liable 1o react viclently.

Vanoos studies of the American Indian snd the Meacan
mdicate that they gencrally score lower than the white oo
Terh verbal and porewerbal tesn There i faidy relable
evidence that mized-blood Indmens arc sopenor 1o fell-
blocds (W. §. Hunter and E. Sommermier, 1922), just an
mulattoss are in geoeral superior in mental resy perform-
aneces to pure negroes. A part, at Ieast, of the Indsane® in-
fenonty in mental tests has been shown by Kliocherg [ 1928)
o be tempetamental, the renule of 1 very different eovicude
toward liie, 20 well 25 drfferent 1deas of what 1 important
and valueble. Indians, {or inktance, whils much slewer than
white chifdren on Elinebarg’s tenta (mostly lorm-board per-
formance teats) were conaistently more accurate, the need
for speed making no appeal to them. Greatals, Japanese
aud Chineac, whe have best testad in Amerien are lotle if
at #fl tnferior oo the natrve whitos, given equal opportunity
for edycation and cootacts with American fife.

The comparative showings of vanoos Eurcpesn national
groups on the grmy “combimed seale™ has been prosemted
eluewhere {page 42). Differcoces i scdection, in langnage, in
engtome, and 1w education wod oudook prevent any defimuce
decinion au te the superioniy or micrionty of » given national
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group. Thoogh reliable statisticully, the differences in per-
formance on the “combimed scale™ are gerually small, Many
stndics of the chldren of Jormgn-born parcots in New York
Cuy end aliewhere agree fairly well that lalian and Polwh
children bem m the United States test consmrently below
the gauve-born white, and that the Jewish child is nen far
below and 1 often conmderably sbove the performance of
the neove white Ia b mam group of gilted children (see
page 43), Terman found thet abowt 10 per cent were of
Jewish exiracusn—neesly twace the number to be cxpected
from the preportion of Jewr o the coves coversd by hin
survey. The largmt per ¢ent of Termen’s group was of
Hotish and $cowch extractiom, the percencage of Laun
blood beng very low This finding agrees w the mam with
the army reculte, but again we cannot be sure thar Terman’a
selectians represent zamphngs from the spme intellectucsl
strata of the foreign countnes from which the forbeara of
there chidren came.

Probably the most salutary imprestion which a reader can
carry away fram & survey of the sudics of racul groups is
& better of the diffical {, and of
the practical imposmbility of regchiog 2 result which can
defimitely be attobuted to racw]l ongim alone, We stress
agam differences in languags, 18 customs, in cultyre, ooat-
utude, in achocling, and in social, ecomomet, and goographic
condicions. Alg, the difficgley 1o escuring camparable samples
and m evalugtag the meanung of t=t differences cannat be
overemphasized It s posstble thae trye difescnces batween
ruces af such wil] never be found, bur only differences be-
tween rpoal groups, or groaps of somewhar different racial
ongin. Future Meu mll do well to avond falie compari-
aona and ynj from fiable tests, from
tosne which memsure very narvow funcricos, and irom wery
amall groups.
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4]

Ne discumion of wdividual diff would be compl
without at least soma teronnt of Galten’s work on mental
imagery. In his studien of the preseace and amount of ime-
gery, Galton used his now [zmous “breaklas uble” quetipn-
naire, 1n which each subject was ssked to call up & pucture of
hir breakface rable as it appeated in the morning and to
report whether the objects reemed well defined, natural, and
omparable in vividness with the actusl chjects. Many of
Galton's subjects were scienufic and scholasly men, whoe w
hin surprise reported an almeat total absence of vigyal im-
ages, Other subjects, however, gave very differeat atoeunts,
weveral reportiog that the objects on the table appeared n
retrocpect ¢ be az real an though they were acrually presenc
before the eym. Galton avcounts for the feeble visual ima-
gery of aumuﬁfc TaEN aF 4 group in the following way: “My
own in that an P of sharp
mental picturet i zolagomstic to Lhe }ubm af highly geo-
erabzed and abctract thevghe, enpecialty when the peepa of
reancning are catried oo by words as eymbols, snd thar if
the [aculty of seang the pictures wad over possssted by fen
who thiok hard, i i very apt vo be lost by dieuse”

Although Galton seemed to believe that a lack of imagery
in largely a result of one’s traiung and his maoner of think-
ing and working, he found coomderable evidence that this
trait 3¢ at leamt partly hevediary. Thus, be found thar it
wends to ron in famies; it 1 swconger in the female than in
the male, also it m stronger 1o younger than i older persgoy.
Imagery, actording to Geltor, in oot corcdlzred with eou-
nence af & PLALLT OF b N IMaginanve woeer, Great mndie
widual differences exiot o kind apd wmoust of mencal
imagery.

The study of indivdoal differences, though s yer @ its
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mfancy, has progreseed far boyemd Galms pmna:r wofk
It was Galbron's and wee of
herwzver, and hiv gemut in seemng problers that gave the
impetus and showed the way to later workem. To quote E
G. Boring, Galton wu "t.be futher (10 large party of mental
of i d With respert to trais,
. nod the originator of the questionnaire and the theory
of sugemice,” As 2 pioneer in these various Selds, Galtoo's
place in the birary of modern paychology scema assured.

Buggested Readings

1 For a pood aceount of tome of the dlﬂ‘lculuzl encoun-
tered and pufalle 1o be aveided in studying mdwldunl

differences, sce R. 8. Ellig" a Thr Piwzala

vidual Difpreuce; (19::8}, er |

A. T Polzoberger's WP;ycwaugy {1927), Chap-

ter 11, containg 4 comprehensive discoasion ol 'the in-

fAuenee of herodi upon achicvement

For an account of Galien's werk and place in hd—

ogy, et E. G Bunnn?u A Hutory of Experiment
Thalogy (ig25), Pages 457478,
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Chapter o

CATTELL'S 3TUDIES IN THE MEASUREMENT OF
REACTION TIME

3]

NE of the most obwons and direct ways in which the
mental processes of perceptin, ducriminetion, and
choice may be subjected to quantetative sudy Ut meanure
the tume 1t takes an 1mdmidual to rospond to 2 gven abject
or sumyius, or to percove and repart opon the hkenstes of
or differcaces betwern several st Beesuse of thi, many
experiments in the peychotogica! labaratary have botn con-

cermed with the af vime of ree; o Fae-
sipn ome, ir., with the seewrte reconding of the time in-
tg brtwren the appheation of & surnulus, the sound of

4 bozser, say, and the objacrive responte of the subject, ep.,
Lfting the fiager from an elecrric key, The primary interest
of many experimenters hae been in the establishment of re-
action tme narms for varous kinde of stimuli, vz, lights,
sounds, and teuches, and 1 sendying individusl differences in
the time of reartion o suck sumuls. Others hawe studied the
effect of different stimulus condinons—the aubject mean-
while being kepr relatively “coostom”—by changing the
quality, inteasity, or duration of the simulus; or by stimg-
lating diflerent parts of the body, and, in the case of light,
for example, comparing the efect of stimulating the reting
at the fovea, and at varyimg distances from this ceneral
pont! Sull cther workers have investigated the effect of
aryng the rendition of the subject, meanwhile kecping the

Folleaberger, A T, Reactwon Tome o Reronsl Smalotiom {roal,
Archrves of Phyrhnlm 25
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task relatively constant. In thu way cen be measured the
effect of drugs, favgue, pracuce, mecutve and puomshment,
end other factors upen the resction time of the individual

In Amenca much of the interssr in rezetion time 1 par-
chology may be traced o the work and mfneoce of James
McBeen Catell. Cartell wan one of the fiese Amencan stu-
dents to take s doctor's degree in Wundt's laboravory at
the Umivernty of Lepmg, Thiz [aboratory was established
in 1874, and was the fimt peychological laboratory 1 the
world, Cateell's dissertation was prnted 1 Engheh 1 1386
under the utle The Tine Takes g by Cerebral Gperatons,
and was tmmediately foliowed by other important reaction
tme studics, Duting hit thuty years m Prolemor of Pay-

clogy et Columbua Univermity, Cettell and hiv students

bhehed many oo the of the
rental proceses. Mauy of theae studies will be depcribed
later oo in than chapter. For the present, let us conmder the
influenices which prepared the way for the mlerut. of pay-
chologiets in the time of mental 1

{z}

The reactiv time cxperiment has 2 long and interestiog
hiwory. A wtory which daten back o 1706 tells of an unlutky
assistant in the st ! obrervatory at G i
lazd, who Jost hus job berause be pervistantly read e pas-
sagen of etars moroes the meridian with too large 2o erraor;
Rt reaction time o “personal equavon” wes abnormally
long. The first publication of the results of comparative tests
rhowing Tmrdy lacge and persstent individual differences in
recording 1he transee of stars wae made by the Garman as-
tronomer, Besecl, in 1822, too late, unloctunately, to mve the
slow-reacting assiktant mentoned above In 1350 Helmboltz,
the great phywiclogt, nsed the reaction time method to men-
sura the speed of nerve conduction. Working with the mowor
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werva of the freg, Hdmhaltz stmulated a nerve wctached to
muscle at w pont tame digance from che reschog moscle.
‘The time 1tervening between the appheation of this stimalus
and the movement in the mule was recocded, as was alwo
the shorter ume-interval elapang between the application of
# stinulon neater the muscle and the appeatance af move-
ment. The differenice between thete two reaction times gives
the ume taken by the impulse in travelng along the nerve
between the two ponts af sunwlaven, For the frop Helm-
holtz reported the spesd of motar nerve conduction to be 2y
metara {about By fect) per second, in man be calewlated
the speed of motor nerve conducton by the same method 1o
be about (wice an gret

Helmbeltz alse applied ns method 1o the measurement of
wnwory pecve condoction He arcumed that of teo poms on
the Lame vensory nerve, one, eay, on the foor, and one on the
upper leg, were lated 1o the resp in both
cases bong the same, the difference 13 reaction tme would
be & messure of the ume taken by the impulis fn crossing
the nerve length between the two nimulited points. The re-
sults of these experiments, however, were g varfable thar
han d were haghly Na doubt the main
ressana for this vamability are the many influences, both
facilitatng and inbubiting, which the impulee must updergo
in peniag through the acove centers 1o the brain and cond.

The many mvestigaticos which follewed those of Helm-
boliz gave results for the movt part widely divergent from
oz results and from each other, Finally, i 1863, Cattell and
Dolley publubed cheir revearch Oz Reaction Trmer ond the
Fealocity of the Nervous Tmpwlee, the mose chorough investi-
gation izt the problem of nervous condyction in men by the
reaction time method, Cattell and Dolley apphed electrical
wtimuli at two poinis on the medien nerve of the wem thirgy
centimeters apart, and at two poiate oo the posterior vbial
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perve of the leg fifty tentimeters apart. The reaction move-
ment war the mme for all stimuii. Large variatons were
found in the velooiies of the senvary impulee 1y vo measured,
the umes being 41 metern per sccood for ane chaerver, aod
6y meter per zeoond for eoother. Cooviderable vanabiity,
as well, wun encounrered 1o cach obwerver, These resulus fod
Cantell and Delley 1o suggese that the differances ip reaction
tume found muat be due, not ta differences in the apeed of
the mervous impule, but to the variabduy of the cencral coz-
nections invelved, as well as to quabitatree differences in the
un&lnnns arcused ut the different posts of stmulation This

ton waz sub fated by the i {ng finding that
cither hand will react more quickly when it, rather than the
cther hand, is srimalated According o these authare, thiy
ochvicualy means that some senenri-rattor connections, owng
possibly w moare tiokages wod more probably ro practice,
are more closely knit than others, so that the reaction ume
variey even when the seme length of perve fibar i traveryed,
Because of these complcatiooe i the eentral conncctions,
Catrell and Dedley concluded thay the velineity of the nervom
impules canpol be 2dequately measored by reaction time
methods. It might be xdded 10 ending thia section that physi-
clogts using othet and tmproved methods have determined
the speed of the nerve impulee in the butnan o be aroond
120 meters {about 394 feet] per wernnd? much faster than
the ttmes found by the cery investigutors wha used reaction
time methods. The spesd of the sensory Derve process it
probably ebout the same an that of the motor,

)

The fitst studies of the peychological Tactor influsncing
simple ae well o compler vedctions were those of Donders
aod D Jasger in 1855, In the eimple reacmon expenment

*Bee Heemck, C ), du lnrecductism tn Newrofogy (19410, o 10%-Tog
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us now st ap o the [iboratory, the subject knowe before-
hand what stimulus he will recerve, an for czample, & flash
of Lght or a sound. Hie snpeructionn, vaually, are w make »
single prescribed movement, such as lifuog the Sager fom
an electnc key a8 quickly as posmible when the stimolua &
given. After practice, the simple reaction becomes bighly
automatic and almest refexve. In the discnminatve re-
actn expenment, 46 devised by Donders, two sumualy (=g,
twp notes of different putch or twe difierently colored Lights)
are employed, and the pubjest iv marrucesd ta reiet to the
ane and remamn quiet to the ather. When, in addition to the
tero stemuly, the subfect w given swo resction keyy, and 38 -
structed to react with the nght bead if ooc stimulus ap-
pears and with the [7ft if the other appears, we have, aceond-
g to Donders, both “digcrimmnation” and *chaice ™

Dromders, an well as ather cary worker, beieved that by
subtracting the smple from the discomimative reacton titoe,
fisenmimanon umes coold be chrained, and that hikewaee,
by subtracting ducriminarion reaction time from discomons-
tion play clwwc, Hwill” or “cheoe” times could be secured

lure is called e by euk oo Tt as-
mmet that 2 compler responkc o n realiry & simple re-
rponss plus certain added cencral processes, the time of which
may be derermined by subtractmg the tme of the nmple
reaciion.

Curtell, an early sa 1BBg, criticized the view that a dis-
chmipatrve feactan may be enalyzed ite & ample reaction
plus wome mare or lega constant will time or parcaption time.
He accepied these subr.ru:hr.d times an nothing mor than

valid of the lexity of the wotal proc-
can, o7 of the mwnlcd drﬂ'mllly nf the tank. (ther inveati-
patore also d by wuk fon an @

method, potably Erdmann and Dodge (18g8), and Ach
{rgos). The letrer, cspecially, argusd thae che Eferent prep-
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zragion of the subject for o mmple and 2 discriminatve
reaction made the two very diferent peychologically, When
faced by severs] sumuby, or given the cheice of several se-
sponses, the ritugtion, axed Ach, ie very different {rom that
in the nmpie reaction tme expormment. As 2 result o differ-
ant atutede in aet up in the eubjece, w that the whale procees
% different and ant merely the central part, of it Moeover,
a3 was yrged by other exp , there 1 no p
tree evidence that, when coe mental process 1 superadded
o another, the first cetane 1t entity unchanged.

Cateell's miow of what happens m reaction time expers
meath 1% very different from that of Deondem, and aleo from
the explanaton advanced by Wundt, At the ready Bgnal, he
smd, the subject, 1 making 2 smple reactson, concentrates
b atrention vpem the stinulus which it ta appeat, ¢, a rad
light, or an sleteic ehock, and upon the fingsr which u to
react; heace the oervoos pathwaye botween the eye ar
wkin ~» brain —+ finger are especially well prepared or open
when the arimulus comes In the discnminative or choice
czpenment, naturally more emntchen end mors pathwayr
muac be “ret™ becawye of the increased complexity of the
mtuation. Thi introduces an element of syspense or mde-
ceen which in term necesmetes grester preparation aod
makes for & Jonger reaction time. Wundt fhad reparded the
whole reaction process as anatyzable prychologicaily o ()
perception af the stimulue, {b) apperecption {Wund's term
for the recognition or clear pererpoon of the stimolye), and
{c) will, or the release of the impulee wo react Thin analysia,
wnid Cateall, while descriptive, is highty arnfical Appercep-
tion, or the dear recognition of the stimulus, comes if at all
@fter the reaction has been made, while will exira simply in
the preparadion for movement and hecomes less and lew a
Epctor an the reactions grow more and mort automatic,

In justice to Wundt it should be easd that, whilz hia
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amalysis was pmblbly ware l:llbolne than nmnt)r w0
describe the artficial 1

reaction e, it docs Gt guite well the unpmpnmd reactony
of everyday life. Suppote, for instance, that a child rum in
fronc of an encoming strest~car, and that the motorman cucs
off his current and apphes hie brakes just in time to prevent
an acodent. Hers, in Wundt's terme, we have percepnen of
the chld on the tracks, apperesption of the danger in the
aitvauca, asd will, or the rEIelse of impulaee which stop
theuerdme,J“ cannot be anal

cut m any sych clear-ent “tashuon 3o the simple laboratary
situatscn of hiting a finger from an electne key as noon 23
oot heam & sound or sees w light; por do they appear a8 sep-
arste and disboct processes when reactions become habitual
xod antomatic ae they sre for expenenced streetcar moter-
TOETL.

4

We have scen that the mmple reattion time expernment
measures the brne-iaterval berween 2 mogle and oft-repested
stintufug 20d 3 prescnbed and constent reaponge. In the
ususl laboratory met-up, the subject sits with his forefinger
depressing an electoe key; and at the appearsece of the
wtimulus be reacts by hfvog hie finger from the key an
quickly as pessible. Variout methods have been soployed in
the laberatory for measoong the tme-intervals between
stimalun and nesponse All of thene make use of & chrono-
#tope or some other time-messuring deviee The Hipp
chrancscope, an instrument which measurey in units of 001
sgeond * hap perhapy been most widely waed in the pant by

"t wee i urnally represented by e i rercholoncl inerriure Thon,
200 g and 1 we are the me Unforuntely, the ogn o @ a bed dhaice,
tecaure of de wodegpreed use = atatwtes bo denote the standard devsten.
A et Gmeoot o Soillestouds, of s T Su % ool wr, aod T0o
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puychologinte {sse Fogure 18). Apparatue for checkiog the

aocuracy of the Hipp chronoicope, 23 wall 29 Mmooy prove-
ments in the instrumegt ictelf, have been made by Caerell

a1
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and hus studenta, The B {a pendulom) b

acd the Duclap chromoecope, 1 mare recendy dewiaed in-
wrument, ure gire widely waed, the larter hawving almost
displuced the Fipp in reection time work A disgram show-
ing the complete set-up of 8 Dunlap chronoecope s shown
m Figure 19. In additton o mscrumental messnrements,
graphe recordh of reastiom wme may also be setured by
using an clectncally dnven tuning<fork and 2 smoked drum

w
speken Thay pre descste emeolar membrancs which
b ad, this Y
s ocan o Db s Fendamadt
of Odectver Pryehology, 1oed, P 45
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apparatus. A eoning-fork which vibrates oo times 4 pecond,
sy, ie ect to mark off & timedice oo a revolving drum.
Beoeeth thee timeJine the appearence of the stemulus and
the subject’s reponie are recorded by means of eestnic
markers. The graphuc method s sccermte and is often used
28 & check on other methods; bt it 15 o slow and umber-
some for pracucal work.

All of the apparatus described above may be used in the
measurement of complex £t well ak antple rezctrons. Expen-
fatnts in complex rapcon time may be set up either through
the sdditron of extra atmeh, or dm:mgh the employmeat of
more than oae response, ‘[‘hua, n: the Donders ducrimina-
GOf: rERCTM bed, either of twn
stimuli wen pleaenlnd o nn[y one of which the subject waa
innteuceed to reace The sbrious dusdvantage of this set-up
iy that records are obtained m onfy about one half of the
trials. Tu Dunders duenmination and choce saperiment, two
stimuls were employed and two responses, the subject react-
ing with the nght band if the ooz stimulus eppeared, sod
with the lelt hand of 1he other appeared. Heamon, one of
Cattell’s exrly stedents, aimplifind 204 improved this pro-
cedure by an amangement 1o which twe stimul were always
presenied wmde by mde. The subjec wae muzrucied w react
o & previouaty deugnated somulon with b right hand if it
appeered to the nght of the other, and wath ha {of? band f it
wppeared o the fefe of the other. As will be readhly surmmed,
reaction ume 18 considerably slower when the condiuems are
0 comphcated than when ouly ons sumelus and one respense
are amployed (nes page 317).

Reaction ume is still longer in the amsociadve typs of
response. Here the stimoli mey be words {(or lists of words)
1w which the subject is to react with the first word which
zomes wmand (free amccuabion); gr, the subject may be in-
ntructad to give the opposites of the stimolus werds, o
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responscs bearing some other designated relation, ng., part-
whole, ld]u:uvn-nmm, werb-object (mnmﬂlsd AMoTTon).
The ¢l g and f g e il wther va-
rictics of controlied amsociation. The usoal method in aseo-
ciative reaction is 1o take the total time required by the
subject to give the oot rekpooses to a Jist of words and
then determme his aversge reaction tme for each word.
The one-Blth terond swop-watch un uenally eonmdered 1o be
accurate enough for reactions of ¢han kind; for Soer work, a
one-bundredth second eleceric siop-wawch may be employed.

(s)

'Theee are many conditions which influence dirsetly the
apesd af reaction bemdes the complenty of the sumelus-
respome vituation Moat of these factors have been atudied
i cae bne or anegher by Catiell and he studenis, ae weli
21 by many athers, and some of the wore wnportant Endige
will be cemuadeced ip thoa seetion.

1. Sense Orgow. In the ficst place, the reaction time verics
with the particolar senec organ [ated Cattell reported
the Mmple reaction time (@ hght 1o be about 1500, with
wome variability {8-roa), and the umple reaction time to
sound to be about 120 8. The simple reacton teney to stmuli
applied to the different seose organs, a¢ determned by many
iovestigators, are summarized an follows:

Type of seimulation Rraction trme

Yioual ... . 150 BEC 300 pes,
20 - 160
ET- I
200 - Boo
3oa -1000
400 -Loao
T30

-1Ba
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The slow reacoon time o taste und smell » probably cwing
to the chemueal nature of these senses and o the difficulry
in getting steeoube directly to them The “fres merve end-
inge” of che pain sense are fauely close to the surface, but
ure relatively flow to react The Tact that hot and eold etimuli
must act by conducting hear or cold oo the skin te the
wensory end argans will cbvigunly clow up the reachion time
vo such gmul.

The part of the senite argan stimolated makes a differ-
ence in reacuon ume alwe Foffenberger {1972), 2 stodent
of Cattell, found for ezample that when the renine v stimu-
leted with & Light beam et poants to tie fight 2ed left of the
fovea, the reaction time is longer than 1t is at the foves and
becomes longer and looger a3 the stimuolus 1 moved our
from the central powst to the periphery, Reaction tme 15
faster to sumub applied to the band than o sumuh apphed
o the forshead or foot, ax a reault probahly of closer nerve
oeoter conaectinan in the first mnstance.

2. focenauty, Sue, and Dwratiom of the Stemuiur Cattell
studied the influence of all three of theae factors upon reac-
thon time a8 carly as 1586, but morc actorare work was
done Laver by Froeherg {roo), under iy duzction Working
with graded light intensities (bght reflected from gray and
white paper), Frocberg found thet the reaction time in-
crented, but very siowly, as the intenuty of the hght de-
creazed, When reachion time to a grven mediom intensrty,
far cxample, was 151 ¢, the reaction to 2 stmulus onc-balf
u3 bright was increased by 3o, while the reaction w a
wtienulus one-tenth as bright was d by 17 o. The same
general seaulc wan found when the sze [aren of 2 square
surface reflecting hight) aod the deration of the pumub
were decreased, The reaction time increased i both cases,
but somswhar more slowly for duration chenges than for
aite changes, Frocherg found aleo that the reaction time to
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soond ineressed fatly vaprdly when the intensity of the
sound was dimieanhed.

3. The Forepenod and the Reactng Movement. The fore-
prried, that 2, the time=nterval between the aignal “Ready”
and the presentation of the sumulus, is quite important
reaction time work Durg the Jorepeniod, the subject “gecs
¥et,” 5o 1o speak, prepared to react to the expected atimulus
an quickly a3 posstble. If the foreperiod 15 shoet, we., less
than one geeond, the subject may be caoght before be o
enrely ready, 2nd i conesquence react more slowly than
usual; if the forepenod w lobg, tey ten sewonds or more, the
subject v hable to lose his “edge”™ and agun reat ton
wlowly. Cattell {1EA6) placed the opumum forepenod cose
1o oot secood, This inrerval, he saad, 15 aboul as loog a5 the
nerve camers can be kepy in a erate of preparedness, longer
opmes [up to Gfteen acoonde) were found ta mcrease the
reaction time a6 well ok the vamabulty of response Chber
investigators placed the bese foreperied at from two o three
scconds Bretweser {tgur), working i Cattell's laboratery
with improved techugue and more subjects, found the
optimum loreperd o be be:wun two aod [our seconds,
with, howsver, some Thu
tica hea been venbed by Woodow {1514), who found twe
seconds gled to be the most {avorable forcpenod.

The wfluence of the reacting movemsnt upon tme of
reapoase has already been touched upon. Ertber hand, for
instance, respoads more quickly to 2 sumulus applicd to it
than to cne apphed 1o the other hand, It has been thown,
to, that releampp rether than depressing the reaction key
gved w lesn vansble response. Iu e carcful study of the
movemnents of the hand 1 reacting to & stimulus, carzied ot
in the Yale [aboratory io 1905 by Judd, MeAllimet, and
Btrele, it wan discowsred ther the hand does nor masacain
4 steady presture on the reacting key during the forepenod,
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On the conteary, there iv a fluctuation from atroager 1
weaker presture, the key somecumes being completely re-
leaned to gve 1 “premature” reaction, Whenever degree of
readinesn to react has reached & high point, the response
may eanly be prematuce, a5 when a runner spnongs from
Tus mark belare the signal s given. The Yale experimenters
found, ton, thar often the Free reactions of unpractied
subjects show & gquick depresmion of the key before it
relcaged. Thaa tovntér-movement takes tme aod coome-
quently wlowd up the reacuon With practice  tends to be
nhubaced i favor of the coreeet releane movement.

4. Practice, Avtemtion, Ihstrertron, and Farpur, Practice,
according to Catcell, hya [ittle effect upon time of response
after the first few toals, in which the subjects reactons
often vary markediy. The eBect of distractwons, such an the
beating of & metroncme, or the performance of menal addi-
tign during the expenment he found alsa o be celatovely
shght prowded the subjects were highty practiaed. For the
ficst type of distracton the reaction bme may increase {rom
2 1o 1o g, for the wecond from abour 20 10 30 o, Woodrow
{1914-1976) haa § gated with much th b
téle of attention and pracuce in reaction ume. He found re-
actwon bme to vary conmderably with the amount of atten-
tion given the task Degree of attention was measured by the
prelongauon in reacuon time brovghe abort by introdunog
forepenods of varying leogths. For stimol of “moderace’™
mtenaity, Woodrow roports the subject’s atteation to be lesa
affected for touch them For sound or Light. J. E. Evam
{1916}, uaing fashiag lights, nowss, and touch stimuli s
dictractions, found chat these axtraneons factors mercased
the reaction bme markedly st Rrar, Bt thar wbeir influence
wit Much Jessensd wnth traimng. Boch traned and no-
trained obeervery were affected by the distractions, however,
the greatest dusturbance occurring when both the distraction
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and tha stimulus to which the subject wan ingtructed to re-
wpond effected the yame senee organ, Cauel and Dallenbach
[rp18) found alys that, in geoeral, demtractions tend (o
lengthen reaction tme, the incease for twe chasrven caog-
ing from 3 & te 37 . Favigue, strzngely enough, hae an almest
neghpible effect upon reaction time In fus own oase, Cattell
found his reaction time to decreans very shphtly even after
2 day of contioucus reacting.

5. Incenmtives, Pumishmant, Drups, and Ape. The effect of
E: i ar mild p pon remcting
Time it 1o increass it about B et Negatve incentive, of pun-
ithment, ¢ for example grving the subjecy an electne abock
if he fauls to react within 2 given time, specds up the resction
ome 300 or more, Drugs have & varable effect upon re-
actien time. Coffer and tea appesr to shorten it, amall doses
of akohol fimt shorten and then lengthen o, morphie,
ether, and chloreform neoally lengthen it Az might be sur-
mised, bme of respotsc 1+ slower and more vanable o

dd age

&)

In addition to the factory discussed 1o the lagc ls:(im,
thern w still another determmant 1o reaction tme Expeni-
mienrt which har excited much controvensy, and wiich i
important coough to be copadered mt some leagth. This
has ta do wrth the direction of the subject’t ateenuon, or hin
atttude during the expariment, Several early workens on
reaction tme in Germany, ootably Laoge, in 1BEE, ob-
served that when the subject in & simple reaction bme ex-
periment directed hi artention specifically toward the
awsrted stimulns, s nme of response wan conmdergbly
longer than when he fixed s attention upon the movement

fohumuce, & M. The Infermee of tuceatnie med Punvkarat upon
Reetwn T (123], Archoven of Peychoiogy, g4
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to be made, Lange calied the first kind of resction “sen
sonal,” and the sccond “muscular”™ or “moor? The fiem
rype of reaparae, he sad, v slwayy Jonger than the second,
the difference being as much as oo a. The disuoction be-
tween ensonal, of wensory, Tesponses end motor reaponacs
was accepted by meat contemperanes of lange as vald,
although the differonics found were oot always as great
18 those jound by bim

Lange's Attention Theory, as thus view wax called, was
challenged by PBaldww's [18g5) awnd Floutooys (1Bgb)
Type Theary. These twa warkers found among thest sub-
jeets some whost motor reactions were faster than their
wensory reactsony and others who gave quicker sensory re-
actions than motor reactions They suggesed, serordingly,
that indivaduals arc netively sensory, metor, or indiferent in
type, and that cach type reacts au his best when allowed 1o
follow hus natural indinstion. Thus, while accepting the
disunction between sensory and mowor responset, Baidwin
and Flourngy reached a wery duferest conclugion with re-
gard to the diferences n speed brtween the two types from
that of Lasge and bis group.

Sull 2 thund explacanion of the differsnce hetween gen-
sory and motor responscs has been gven in terms of prac-
tice and habituation This was the view advaoced by Cattell
in 1892 and by Aogell and Moore v 1896 Cateall had found
a0 reliable diferences hetwern the scnsory and motor types
of resction in the case of practred cheervers Whether 4 aow
subact is ARy of motor At the arart, hg nlrl, is ]ugr]]r
a matter of che given, of
attention, and previous tramng; after practice, thete s liede
ot oo difference betweer: the two ttorudes Later waork, done
by Breiterioser, uader Cateell’s dicestion, tended to confinm
thin view. Breitweser first took & long senes of reactions in
spme of which his subjects were verbally inscructed o give
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sensory, mod in others mator, responees. Following theae ex-
periments. Breitwieser forced che atticude of huik subjects inro
the semmory or motor category by mewns of the following
ingenwus arratgement To mmiure a senvory atutede, be pre-
asnted the ane and i the other of two
cloecly sumilar stimul, end required his subjects, witer re-
acting, to report which of the 1wo bad besn given. Thi
oecessttated close attention to the sumulus. To make sure
that the reaction was of the meter type, Brawcser used a
reaction key which vared somewhat i the reristance which
it offerad to the subject’s rencting finger. The subyect was 1n-
atructed, aiter responding, to el which af the 1wo tew-
gnceq (the graater or lean} had been smploysd Here, dearly
enough, it was the reacting movement which peeded special
aunentwon. Fanally, w order w guarantee & neutral, or pdif-
ferent artitude, the subject wen netructed to report after
each resctron botk oo the key pressure ard the differcnees
in the simull.

Braipwieser's results indieated in general o very slight ad-
vantage—averaging about 20 o—lor the verbally mnstructed
motar over the verbally tastructed semory reacuons, He
feund Little dufference betweoen these seasory respomsm in
which the subjsct was verbally mstructed to atiend vo the
wmulus, or forced to atrend. However, the werbally in-
structed motar reaponses were much faster (o lact, the
fastest of all) than those motor reactions i which the sub-
Ject was required to repart upan the key pressure. When the
nubject wae instructed to repart btk upoo key pressure mnd
surmulus diferenoe, hie teaction time was the slowest of all,
the time boing alioit 45 great as that in a diseriminagive
reLction.

The upsbot of the whole controverty would seem te be
{r} thet there @ o real distinction between the reneory and
motor actitudes, (3} that untrained subjects are probably
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for the moet part sensory at the start, bevoming motor oy
the povelty wears off end the nesd for cloes artention o the
sinulus becomes feas, and (3) that the motor, being the
more bighly practised attitnde, i the faster type of rtapene,

e

Cateedl was interested ot oaly o the stody and aoslysis
of the factors infuencing pmple reaction tme, be chd ex-
wneve work a8 well on the more elaborate discriminative
and assocmtve teacuoos He found, for example, wade vari-
anome 10 the tme it takes persons to multply two numben
preetnted mt the same time, and that odc can name objects
or putures io bis onn language more teadily thaa in w for-
eign tongue. All this seemn fairly obvims, and w probably
nao more then ooe might enpect But many other findinge are
by oo means so evident, Thus, Cactell feuad that when n
ward indieatmg & part of an ohject in the stimyulus, eg.,
#oof, it takes longer o mve the name of the whole object,
€ £, house, than to give the part when the whole is pre-
sented, g penal—port. Alap, 1t is casier to go from 2 spe-
@al w a more geoeral cliss, g, re—osmmal, than 1 the
reverae directaon, Opposites gove the quickest reaction tmes,
but these vary greatly, the differences bere, av 10 the other
cancn, bong due largely to differences in famibarity, raming,
and frequency of utage

In other experiments with words and language, Catrsll
found that while the reaction time to a angle word exposed
alone w about 360 0, thas tme 13 reduced o 200 0 per word
when & senes of words is azpoasd togesher. He found alw
that a higher speed of reading per word 15 secured when two
words inatead of ane are presented, thres inncad of twe, aod
& oo up to four or five. Thoe maolts, taken together with
axperiments made with the tachistoscope in which it has
been demcostrated that cne can group as many as twe or
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three words together in an instant of erposurs, indicate
quite clearly the grear importance of ousrfappng in effiment
verbal reaponee, They show, oo, that so individeal’s re-
action to @ phrase or sentence composed of several words in
oot simply the sum total of his tume reactions to the scparate
wordu, but 31 rather the reepomse 1o o group of words len
a1 # larger unit. This auggesrs clearly that growth i reading
ubility, as well at in rany other highly alidled performances,
muer ha dus g the fact that reactions are made to langer
and larger groups of ducrete icoprassions as wholes Re-
sponsce in larger unite coter into the performence of the
skilled typose or telegrapher as well aw mto that of che
highly trazaed muscosn playmg from score. For his expen-
meaw with language, Cattell devised 2 hp key and 2 vouce
key, both of which were dustinet improvements oo similar
devicen uted by others in recording oral rerponses

The last seriss of experimengs which we ahall describe
is that in which o new peycheph 1 mechod, the “dierim
zaton ttme method,” was employed Thiy merthod war de-
wised by Catteli o 1962, aod 15 based upen the sssurption
thar difarances in sensation are pqual when it vakes the same
dme @ perctive them; $ioce, m generdl, the smalier the
difference, the lcoger the tme necessary to percerve and
teact to it The rmost impartant sudy by the ducnmimation
time method is that of Henmon {1906). Heomen's method
[see page 207) Wik to préscat two stimoll smaoltenconsly.
Two keyt wene ued, the subjerct being inatructed to react to
ooe of the two sumul (which one was previouly desig-
nated) with the right hand if it appeared on the rght, and
with the left hand W 1t appeared oo the left. For axample,
suppeas red and blee are the two simyls, and the subject
hme been instructed o react to red. Under these rondiviens,
when the etimufi are prawnted the subject must react with
his right bend when the red is to tha right of the blue, and
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with bin beft band when the red w to the Jeit, Sore of Hen-
roan's resufta with colon appear below.

Colory ta be ditermingted Disenmimation ime
White and black .. . 197 rec,
d tnd gresn ., 203
Red wnd blue .., 1%
Red and yellow 217

Red and ar: (mued with 25% ud} 353
Red andnrﬁ {rnized with 75% :ad] arc

It 1 clear what the smaller the guabtative differences berween
the two cglory, the longer the reaction tme Using small
differences in poich Henmon obtamed wmuch the same re-
Bults.

Enfferencar in pateh Regetion
 TIbroiions) Hme
1.3 PRI 190 3003
... . .. . .09
E e L. a0

4 s e e e T4

‘When the sabject was nstrected to reast to the skorrer of
1o linex, shrwn ide by wde, the following reaction times
weare abrained-

To &acrainate 2 e of -o s, fremn e ot u men, 206 e

-ios
!o 1 T }é Ay
w II 354
bL-] oM 348

Theae results shaw chat the smaller the difference betwasn
the two stimuli, wherher in whraton Tate or in mulimecemns,
the konger the reaction time to the difference,

Heomoa's findingy m“ be n:\erpreled to mesn (1} dnt
the mennal and
must procacd Turther whm drfferances are decreaned: wae (2)
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that the prelomi d for the ia Jees and
Jakr adequate ax (be dillerence berween the two sumuli be
comes emaller sod smaller Both of thess condions serve
to cxplain the leopthened reacoon time. I we are justfied in
the wsumption that differences mre equal, for perception,
when the tmes required 10 detetmunate ther are equal, it
appears from Henmon's results chat tones exght wibrabona
spact differ percrpenciiy 1o about the same degres ax lines
diferieg by one and cne-balf mullimeeers [ben and sleven 20d
& half oulhmeters).

8

It should be ewident, even from the bref sketch which
har been given, that the Mudy of rezction ume har passed
through many phasen and han exated many and various
interests, Reaction tme 13 measared t-day oot so much for
the purpoie of analyning i determenants or of finding
“ichowee™ ar “wil™ times, but rather 45 8 means of attackng
practcal problems of behavior, For example, the reaction
ume experi may be employed for g the diffi-
culty of 2 taek 1n an ohjecuve way, or as an mdex of an -
dividual's eficiency under different conditions. O, it may be
taken av 4 means of comparng ipdimdysls ynder the same
conditsons, or the same individugl under differeat conditionn,

that i1 10 1y, the estabhsk of indwidual dif

may be the primary interest, Again, the npud of 2 person's

aumple or d P may be 1 with has
ick in solving problemi or i p ng other intel-

lamul m]ﬂ w see wher.her Y swen mdwuiual may be clm\-

as g slow
In & mudy D{ this kwnd, Lemman {1927} found that gnod
memory for words, numbcrl god the like, tends o be
somewhat related to ppeed of pmple reaction, while the
learning of verbal and other abatract refations tends 1o go
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along with of d reaction. K

few pemons cam be faarly desenbed a5 possesong a d.:ﬁnm:
upeed-level at which they babunally work; diferences in
famibanty with the tasks to be done, dasre: of previous
pracuice, wnterstt, and ancentive play too large 2 rile. For
thene remsans 3 bookkssper who i ordmanly very slow may,
after long practice, ur with sufficent inceative, surpan w
mental caleul . say—an individua! much faatar
in other resperts.

In vocational selection, ae well 28 m the dagnosis of apti-
tudes, the reacion tme of the individual i often an impor-
tant factar, It s apparent, for metance, that the ume re-
quired by a chauffeur or & motormen to apply e brakes at
4 piven signal, 4 colared hghr, for example, or to react quickly
in an emergency is of the greatest practical value Ingenrous
devicos Jor tesung the reacticn time of protpectve dnvers of
antamobiles or of streetcars have been devised by puycholo-
gwts, Wechaler (1036}, for instance, has constrocted a
dummy automobile, with seering-whed), brakes, clurch, aod
#e on, which w ueed i testing candidates apphying to be wx
chauffrurs. The candidate e metructed to depress e clusch
and apply ks brakes at the Bash of a yellow lght oo @ board
placed before hom; at the appearance of other colored hghts
he 15 tald vo react 18 varoue ways mith appropnate hand and
foot movements, Time of reaction and erront [wromg re-
epanses) are cerefolly recorded. After gctud] road sxpericnce
it was found that, while meo with the slower seaction times
had the mom socidents, the fasbeat reacting men elao had 2
large pumber of acndents. The fadure of the very fan men
o wvoud acodents 15 attnbated by Weshaler ro the fact that
very quick men are liable o take chances through overconfi-
denee and beace risk mishap. It w siguficant that the num-
ber of errom, or wrong responscs, proved to be a better
rriterign than aimple speed of retpocee in teparating high-
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actident men from those whoe have few accidenty High-
aerident men consistently made more errors than low-soa-
dent men.

One swudy in which resction time was smployed in tests
of proapective motarmen may elso be ated boefly an an ex-
ample of the work in ths fisld. Shellow {19a6) meawured the
time sequired by strect-car motormen to react with the

upon the apy of & light zig-
nal TLUI! of reaction and errom, wrong responses and oms-
sioms (falure to mact to mgnels), were recorded. Two
groups of men wers found 1o make the best cperatom, those
wha react very quickly but who have a fmrdy hagh error
wore (mostly omusuom) and thote who mact slowly but
make pracucally no errory, If a man reaces slowly and alig
makes errores, he 18 & poor prospect 2 4 motorman.

It wall be recognized that maoy of these problems have
arsen sinee the ey reaction tme wiork of Cartell to meet
acw conditons snd te sebsfy new demands. Deapite the
fact, most of chem have thewr origin wn 1he early tnterest of
peychologista in general, and of Cactell in particular, in the
objective study of the ume relsnons of human performance.

Supggested Readings

T. A briefl but comprehenive account of Cateell’s work on
reaction tme wl be found 10 E G Boneg's o Hutory
af Exprrementad Prychalogy {1920), - §iT-538.

2. Studies o reacton tme by Cawell's students, Froe-
berg, Brenwicser, Pofenbarger, Evans, and cthers not
u:;gnpz‘imd in this chpter may be found in the Archwes
a.

. A ful] decusnan of reaction time and it importanes in
experimental clogy 1 given in Chaptsr VI of Ladd
and Wondworth's .Eiumm f Pﬁw ogweed Prychal
ogy [(1611). Some of this material will donhtless prove
o be difficult for the I:cgnmmg student.

w



Chapter 10

EXPERIMENTAL STUDIES OF EMOTIONAL
REACTIONS: THE WORK OF CANNON
AND OTHERS

iin

HE srpenmeantal study of the emotions offers some of

the most faceinating and e the same ume clusive pogb-

lems for rescarch 1o psychology, The widespread muerem of

paychologste 1o the topac 16 seen in the oumber of czpenmen-

tal stodicr zecently made of oew i progress, while the

chiBeulties encountered 1n them are attested 1o by their wide

divermity in resnls. ‘The reasans for fhu are nﬂt hard
find. Emotions tend to d when i

tively and 1o lose their color and intensity when recalled.

It is difficuh, o9 2 get geauine emotional atates under

1ah r . and furth 1

d.l.ﬁ:u]h; aree in the atiempt to measure complexr physie
ological changss 10 erder to square these off againer tha sub-
joet's verbal report of his fdt emotions. If anything, how-
ever, such difficultics as these bave acted ms 2 wput rather
than a5 n check to cxperimental investigaticn.

The impertance of the cmotioas in behavior bes loug beea
recognized by poycholognty, but i is ooy recently thar they
have come to realize koonly that the ruecsu or falure of
an indvidual in temie, prof | or ind 1 Lfe
s contingent upon amoronal balance a3 much g5, [ pot more
than, pon inltecrial abilicy. The stimulus to invectigaton,
therefore, hag come from practical an well as from thea-
reticel conaderaticnn.
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What do we mean by an emotonsl tespenve? Why does it
arwe, and upon what factors does it depend? Historically,
1t appears that tearly all wriers on the emations have i
some way comnécted up emouonal behavior or states with
tha viacera—heart, stomach, lungs, end acher internal ongane,
The anacot Greek philosophers located 1he seat of the emo-
tions in the beart or sbdomen. Such expresmons pp “hard-
hearted,” “gplesny,” “to eat one’s heart cut” “bowels of
merey,” aod the ke chow the mBuence of thete concepts,
which have survived i rommon spesch to cur day, Several
views of the emotiony seem 1o be fauly well defined to-day,
wath, however, thany vanetiss and raodsficavona. The fir of
these regarda the emotrons as chiefly mental or contoious phe-
Temeng, accompanied, o be pure, by orgame and arcylatory
changes, but ot dependent upon these. The difference be-
{ween § man runcing 1 race :nd aoe rynmiog eway from a
mad dog lics, sccording o this view, rot in the phynclegical
achvitics of the two, which are dosely ehke, but rather in
wheer wery diverse mentai scates, A second wew conaiders an
cmetion to be the subject’s commcious awarensss of the o=
ganic and physiclogical processes going oo in b own body.
Thin is the famous Jamm-Lange theory of the emotions,
proposed by Willum James in 1884 and independendy by
the Danith phyeiologast €. Langs in 2695, To the average
man's view, 2 peraon cries when he is sorry aod laoghs when
he in happy er joylul. Ci ing upou Lhis
sense view, James wrote: “My theas an the contrary, i that
the bodily chaoges follow dirscdy the Percrption of the ex-
dng facts, snd that our fecling of the same changes a6 they
oczur [5 the emation.” “We fecl sorry,” be sy, “becuuce we
ery, angry because we strike, afraid because we tremble”
This view, becaure of the eminence of its wuthors, has ex-
erted much infBuence upon the chieking of later workem,

A third view of the cmotiona stremes the pert played by
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wincetal and sheletal muscles ab well an glandular changes,
bur places commderable emphxm too, upon the cotcsaue

involved. W Treat this poai-
don An emouon, he ways, in a “soered Ilp sate af the or-
gamem” in which thers s sn impulse or conecicus attityde.
toward some given defimite acrivity, Firet comes the stmalus,
then the tandency, impulse or motor set, ¢g., 10 eECApE OF
fight, which is followed by physiologmeal changes. These
crganic slementa are biologically valuable o that they pre-
pare the ammal or the humsn the betrer to un ar fighy, 1
the case may be, Feats of strength snd codurance—the run
from Marathoa to Athens, unbelievable deeds on the foogball
field, herpic actios m the face of danger—all dlustrate the
value of an emation in rewforcing the domirant dnve and
giviog impetan to behawor. The factor which, according 1o
thiz view, marks one emotion off from another is tha st or
impulse, which i5, of courss, governed by the scuation
Watson, as an ultra-behaviorior, represents enll a fourth
view. Consciousnzsn 16 completely ippored. We bave dooe afll
that we tan saeotfically, he says, when we have descrbed
emctional behavior an we see it. Emotans are simply com-
plex reaction patterns, the difference between anger aod joy,
say, being simply the difference o the way the body resct,
The differsnce o the indwvudual’s mental sate is of no con-
scquenca, or mt beat is of value smmply a8 a verbal report of
how he fela,

()

From these different, and to some dagres contradictocy,
peints of view, varions probtems mvelving the physical bams,
the jaolatiem, or the messurzment of emotionn hawe bern
attacked by peychologines. The following groaps of prob-
lema are faidy typical of the expecimental work in this Sdd.
Although by no meame exhanntive, they mj help to conrer
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the discunsion and make it mors concrate. Furst are thoce
ltnd'le‘l wlm:lt deal with the physical Basin of emotions and
the physi | changes in 1 gtaten. What réile da
the bnln and the nervous system play o emotion? Can an
cmotiou ekt spact from the bady changea—fusbing of the
sk, rapid heart-beat and breathing, cenched fints, and 30
on-—graally asocared with 1% In another group ate caperi-
ments which have sought 10 discover whether emotions czn
be measured by instruments; whether there are any famdy
definite and recognizable emotional patterna; wod whether
emopons can he differentiated on che basin of the phyll-
dlogical chenges © ding to the subj

sates reponed by the lllbjuﬂ Sull other :rpcnm:nti have
besn planned to zee how well one can judge an emotional
state from the verbal cxpressions or the total bedy response
of the person sumolated: and whether comotonal states arc
highly correlaved, Le, whether 2 person who retcu b a
highly emoticmal wey to ooe stimulns woll tend to Teact with
equal inteosity to other stimuli. Fually, there are the at-
rempte o reach and resclve emovonsl difficultes {com-
plexes) by ferreting our the cause of the original upest m
the subject’s history. Thes list wrill acrve at least to dlostrate
bow wide and varied haa been the sxpenmenul amack upon
the subject.

In grneral two methods have been amployed by paychole-
gistz 0 investgating cmotions  the method of exprersion
and the metkod of tmpresnen. The method of expresion i
the more widely ceaployed, Jargely because w38 more chjec-
tive. Whar it seekes 1o do s e record and measnee the bodily
changes which accompany emotional states, puttiag liede or
no cmphasin upen oreospective reports  The of
impression, on the other hand, studiey emotions introspez-
tively ar, batter, retroapectively. The subjert, for instance,
tells which of two color combinativa he prefers, or which
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of two munical welecions hay muaved him mnst. Again, after
rn emotional expenence, the subject may be aaked ta re-
port upon his thoughts snd fechings, were thers conflucta,
Techings of embarrassment, or anger” When and how did they
appeac? Sommimes the emplacs m oo one method and
somenmes oo the ocher, bur moat expenmentars have eom-
bined the two, whing cbjective records wherewsr pozaible,
and recocding, teo, the verbal report or mtrospectican of the
achjeer.

5}

The question of the extent ta which an cmotion dependn
upon ity accompanytag bodily changes 15 Jargely o matter of
phynclegical retearch, and 1n consequesce the ¢xpertments
10 thia fald have been performed for the mose pare by phyw-
alogiats, One notable cxperement 1s that of Sic Chades Sher-
ragton  {1606), the eminegt Foglwh physiclogist, Sher-
nngton trensected the spinal cords of  number of dogs in
the ek regon, thereby sevenng all connecnion betwern the
braan and the body organs of the trunk. All senianone from
the vircers and the slun wers complerely destroped by thie
aperaticn, only the sancabens cesubeng from face, head, neck,
and forchmb stmulation remeiming meact In spite of the
drartic reduction of the somal’s source of wnegry impres
sums from s own body and sk, emgtioes pecuired with
Intle or Ro apparcet reduction @ ntcoficy. Oboe cpersted
dog, for example, showed marked rage sod antipathy wvwraed
an arsndant She growled, snerled, and bared her teerh,
Biving Lha rame pecrure of anger ween in normel animels.
Ar the same nme thit anmal daplayed affectionate bebavior
toward the person who cumomanly fed and stroked her. An
interanting fanmure of thie expenment wan the revention by &
dog of whar might be called “disguat” behurior, Normal
dogs, Sherringron found, reluse to cat dog meat, na marer
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bow much it in disguied by boog mixed with other foods ar
covered with milk. Always they exhibit divgurt and avernon
taward it; probably the odor bas much to do weth tho. Sher-
rington's “spinal doge,” we these operated smmals were
called, exhibited the 3ame dugukt when mven @ bowl con-
tmneng digg mewt, refunog oo toach i or to eat i oo roatrer
how much they were urged.

Much of the recent work oo the pervoue eod physiclogical
bases of the emotions hak been carred on by W. B, Canvon,
of the Harvard Medical School, and hie essecietes. Cannon
kan i jgated with much thorough the rile of the
RUIOMOMIC ReTVOUS aFitern 1 emotoaal actwry. The auto-
Aomic nervous system, a5 e name implics, i oormally
active in those functions of the body which mvolve hitfle or
a0 volion, or knowledge, on the subjec’s parc. It coneroly
the vegatative functions of the body, such e the actrary of
the beart, lungs, stomach, mad inernal glands, an well an
circulatory aod wweat-gland changes. The two main branchey
of tha autooomic nervona system are the thoracwe{nmbar ar
aympathenic (the middle pazt) wod the cramo-sacral (coa-
sisting of the upper apd lower parte). Cannon has found chae
the sympathetic branch is active in :otenss or noplesseoy
emoticns tuch as fear and rage. Ita general funtbon in the
body is to wtensify certan sorts of sevviny; for example, n
increases the heart-beat, rawes the blood-preasure, and in-
creases breathung rate The ¢ranmio-mcral branch, on the other
band, acts an a check and halance 1o the sympathetic, It in-
hibits rapid heart-beat, speeds up aalmry and gaatnl: Racre-
tion {thos awdiag d ), and toous
During pleasant ional vt e—
the cranw-sacral branch of l]:c autnmmm in au:!udant over
the sympathenc,

For the purpose of d:mnng l'lmller A0 INtACY KM
thetic in y for p , Cannon (1927}
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removed the entire sympathedic division of the subomic
from u oumber of cxts. This operstien removed gl scnaation
from the vitcers such o mght concervably be prevent in
fear or rage. Decpite the operauon, the smmals a1l showed
marked dignd of anger 1 the presence of a barking deg;
these aigns incuding husng, growing, of the cars,
and bariog of the teath.

The twa szpenmenta beiefly outhned indicate cearly that
the body are not abaclulcly nenstsary o ional
staten, even il they are aormally prescot. Crher experiments
which peint in 1he same dircction ave those m which pow-
erfu] drugs have bean employed to brng about rapsd beare-
beat, tretubling, btoshing of the sk, raped breathing rate—
i, 4ll of the changs which ordinarrly are found m emo-
tionsl reschons. Logieally it would seem chat if an indwidu-
al’s emotion i simply hu awarcocss of such stitred-up statea
in hiz own body, he should feel rage ov fear when s di-
turbed by drugs. But this reeelt doss ot pocur. Cannon and
bis merociates bave shown in & fong serice of teats that adren-
alinn {the secrevcn of the adrencl glands, which Lie just ahove
the kidarya} hae slmoat the name effect npen body behavor
21 wiglently unpleasant emobions such aa otense sIcitement,
feat, and anger When adrenahp i injected into the blood
strepm of & normal perscn, the resolt e a deadedly strred-
up phyaclogical state; bat the aubjeet reponts ne real eme-
tion, rather he repores that he fexly az though he mght be
afrard without any sctus! fear. In connectron with thi find-
ing Cannmm bes ponted cut, too, how alke are the bodily
or physological changes in different emotional states as well
a1 in emotional and non-smotional states such v those result-
ing from strang musculer execcise, expedurs 1o cald, and the
like, and bow unlike are the conscious etates mvefved Such
observations as theve would seem to render the James-Lange
theory yntenabla—at lemst mithout some modification. One
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caxe of pathologics] Jow of seration in 2 howmen being @ay
be cted before leanng the topc Daoe (1gar) repacts the
caze nl 3 worman patiene, who owang ta i fracture of tha
neek and the resulting spinal cord mjury, had seffered com-
plete paralysin of the muscles of the trunk, arms, end fegs,
and camplete Ioms of teantvwoty, This person Lived fac & year
shownng litile o oo change in personabny: goef, joy, and
affeezien veemed unalvered. Such & case can hardly be squared
with the lames-Lange theory.

Cannon (egar? has recently propoeed as a sobatitute for
the J. Lange tbeory the T } thet o et
Trom the intsracuvity of the cerebral enrrex and the thal-
nmut The thal called the d hala, ar
the berween-hramn, 18 2 largge mase of pray matter lying jum
bafow the cerebral cortex 1t i 4 gresl sensory recepAore center
for impalacs from the body and 15 2 kind of vestibule for the
cortex. Cannon (1925) lound that when the corter war co-
urely removed fom s cat, the decortwcpted gnimazl el
shewnd great emotiana] excitemen (g woct of tham rage”™),
which ateengly suppors the view thay rege, and probably
other emotces a8 well, depend vpon smpulser irom the sub-
cortical regons Followwng thie Jead Bard {1928} bas shown,
afver aome fifty operations an caps in which the cortex and
vancus parts of the bram stem were removed at the seme
ume, that the center for the emotional display of rage s
Iocated in the lower thalamus, According to Cannan’s theary,
thew, at the same ume that the thalamus dichurges inte
the cartex ir also redeaser meor impulses which produce
complex internal changes. In turn these sensory chaoges in
the body are sent back by way of the thalamus and so =
inforce or imeennfy the emeotwnal conscrousness. Cannen
cites conmdersbie clinical ewdence to show that the thalamus
i ey d wath icnal or aflectire cxp
Normally th cld snd more primitive part of the brain is
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onder inhibition from the cortex; and whon e “relesged™
threugh disesse or wjury, there % often an cxteomve and
uncentrolled emotonal daplay {eg, laughiog or ennog)
The difference betwern one emouien snd ancther 12 ex-
plemned as beng due to central [eoetieal) factors, that is, to
the meaning which the emotioo-areueng sumulus bui for
the mdnadual. The chiel rosult of Ceoncn's theory so far
hig bean 1o awinch the emphass from body changes to brain
changen.
43

Two cxperiments planned wih the wdea of Sadiog cut
whether definite emotional pacerns enee physclogically
and can be sccurately measured by mstruments will be de-
meribed i this secton. ‘These studmws, the one by Blatz
[rgaq) and the othar by Landis {19a4), ars ilustrative of
the best techmigues now avandable in work of thas sore

Blaw’s exp wak d with d g whether
there is & defimite prcture of phyaologcal disturbanee cor-
responding te what we call fear Hie subjects, about forty m
all, included both men and women They were told that the
purpose of the ezpenment wes the study of heart-rate dife
farencen over a furdy long penod of time Each subject wan
carcfuliy ted m w chawr and requred to st aleae and blod
folded in @ dark room for ore half-bour, Duriog this penod
cardiar, reapiratory, and slectrical changes {of the slin) were
carcfully recorded, The force and regulanty of the bearn-beat
weore d by an clect d h s dehicate gol-
vanometer) and were recorded on 3 photographic flm.
Hreathing records, taken by means of an electne posume-
graph, were photographed an the same film. Changes in the
electrical behavior of the slun, 2 phenomenon koown 1y rhe

hogal reflext werez obtained from the gal

K paychogalvanse refier requoen » wocd of ceplanation ¥ erctrodes

am attachad to two difereot proots oo the skw a0d e cooected wth
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readings. (Ses Figure an} After three half-honr &itings,
Blarr found that hus subjects gave consintentdy normal rec-
ords, 1., the slight nervousness wnd timudity which appeered
at ficpe due o ke strengencen of the Atuation had been en-
tirely lost. So much was thie 30, in facr, tThat many of the
wibjeetn fall aateep before the hali-hour was up These pre-
limunery records condutute what may be called a comiral
setice,

The chair waed i this experiment wan hinged i front so

that when suddenly relcased it would fal] over backwards,
ctrryiog the subpect with it A powerbful door-check stopped
the fafl gradually after the chaw hed passed through an s
of fo® At the fourth sitnag, Blatz allowed hie subject with-
oat wareing to fall over backwards. Thit backward drop way
wtended to set up 2 fear response, so that the records taken
1t the time would gve 2 physiclogial piciure of the emonon
which we schjectvely call fear. That the fall really <aused
fear can bacdly be doubresd, All of the subjects reported a
geouine fear at Grat, followed lacer on, oftentimes, by woger
or amuscrnent. In addiuon, they struggled, yelled out, called
the cipenmenter by name and i Yarious ways gave evi-
depee of emetsonal upset. The efects produced by the fal]
may be bnefly summarsed as follows (records were taken
belore, at the ume of, and iz munues alfer Ge Lall):
a wnartwe galvanometer, so dectec cyrmest (ne shown by deflectony of
the graasetre sordle] Wl be fond to fdow betwren the two pouts.
This cutrine edxaes the difercace o dlactical pocenal baweca te
two pomin, and u found to worew merefy duneg emougmal stave,
Tt i i oftan talen an an shded of the miemdy of the emotossl star=
h-nlnnlcmm”uﬂad*mhnhlmuﬁa I w doa pre-
wumably m changs = secretwn The t-plande ame con-
trolled lurgely by the sympathete bt o the o v "
om, whach, &1 we bavn men (pape a3f), o active o IBtetee niotimgl
renctiops. The pmomptem, then, 3 thet far or anger, My, @oe i ome
cremsed puipmroy of ot secetim, ths ywest, @ turn, ke the
akin comtanst o the 00U UL, Ui giviby ko octosd plvan
delecticn,
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1. Breathing was much disturbed. The subjects tendad

to inbale in thort gesps, exhaling sotoewhat more slowly, so
mEmatos
that the respiratory rano f;mﬁ decreased.

2, Heart rhythm was tackedly iocgular, The b
was accelerated at first, sometimes by an mach w twenty
beats, Thia iunal inerease win utnally followed by & retands-
tion and then another period of asceleranon.

3. In the psychogalvenic reflex thers ware merked palvanic
deflections. These hegan frora oas-hail sccond to three pec-
enda after the drop and ranged from ope to tm unita over
the wcale,

In zdditton ro theve organic duturbances, thers were alva
groes muscular movementa, struggles to escape, reflex move-
ments and chresbings of the arme and Iege, and yelling. In
later tests, when the sobject cxpected a fall (baviog been
forewaraed), the phynclopal cffests were much lat in.
tenee than when the [al] was unexpected. Adaptation wes
rapid, the second and thied falls produciog much less uper
than the fret.

Thae expenment gives o very definte pictore of general
physiologaeal disturbanes, but there in no patcemn of reguler-
ity of reaponae which 1 conetant from person to persoa ar
for a given ndindual There m too much vanability o all
of the mezsutes raken to warrant the avpumption that we
have 3 clear-ut physiological state which can be labeled
Pfeac® or *terror ¥

In a somewhat aszmlar sxperiment, Landie (1ga6) studied
the effects of acvere ] upsst upon reapiration, blood-
pressure, gestro-intestinal actvity, and basal metsholism
Respiration, beth thoracie (chest) and abdemizal, was ve-
curced by teans of pneomographe. Blood-pressure, which
can be beat dencribed briefly, perhzps, as the presure in che
arteries resulting from both the dorce of the hean-beat and
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the artery teosion, wat obtained by means of 1 sphygmo-
graph? actached te the upper arm. Gastric contractons
were obtarned by aving the subject swxliow a $mall balloon
attached to 3 rubber tube, so thet changes in the size of the
ballooe remltng from stomach contractions were recorded
directly. Rectal contracuont were secured by using 3 similar
ballown arrangernent placed i the receum. Hagal metahalinm
{roughly, the amount of carbon diowde given off 1 breath-
ing} was obtaned by baving che whjeer breache inta o upe-
cully designed apy All of these of physio-
legeal chaoge or vanability were revorded sunuliancously
by means of tambours and wnoag ponts upos a moviog
amoked peper. Laadis had theee subjocts 10 this expsoment.

After normal records had been taken over # perod of three
weeks, the followng schedule was begun  Each subject wene
without foad for forgr-eight hours and withour sleep for
thiry-siz houre Agithe eod of this ume an elestriz shoack,
was adminetcred which was "ms much s the subject could
eat without struggling,” and whick laned until the sobject
nignuled hat he could endore the patn no longer. Each sub-
joct was then piven 2 stemulent, eod records were taken
bourly for & Fwe-hour penod and daly aherward for five
days. Landis's reaults in boef were as follows-

r. Baral Metabotirm, Basal rate wmcreared about 30 per
cent on the average (with much vanability) durog tbe nome
of antsapation befoce the shock; i then fell off rapidly uoul,
after nx 1o aight houru, it waE pﬂnu:ally notmal agam. An-
per, which . WAL Some-
dmes by 2o woeesc and sometimes by l decrease 1
metzholic rete.

2, Blood-Pressuse. There wat a rapid rise in blood-pres-

“Thu inscromeent coneuts suniully of 2 rubber afoeva atiached to the
wm mu-mﬁw!km&mmtkhdﬂndnmrﬂ.
the blood-presmre ¥ wemumed ather graphocally or oo n joale, by o
ek Jardeni off from tho sllated deere
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sure upon the enset of the shock, together with a rapud apd
irregular heart-beat Upon contnuabcn of the stimolus the
heart-beat bacame more regutar and the pressure decreared
Landus statea that these changes are gquite mmidar to the
abock wymprons followang a surpcal operanon.

3- Rarpration. Breatung wan famcer and more aballow,
with some tendency toward gasping.

£ Gaure and Rectad Contractions, The electric shock
stamulus bad a vanable ellect oo gastnc contractons. In one
subject gattric contractions were marked, while i another
they ceased temparanly. The thard aubjece could noc retsin
the spparatus, and hence gave no record. Rectel contractiens
ceased ik a1l subpecte upon the oneet of yumulaton

On the day fllowng the experiment, sach subject wrote
out an acroust of his expenences, actitodes, and feelings
All stressed fatigue, naosca, occasional fite of anger, itri-
wbility, and lack of coordmation, with surpnangly Liele
cmphase wpon defimee feclings of pleasantnes or unplear
anaess, There was hittle or no asrarensas of physiclogical

and oo agreement as t.n the specifie :mDuun ek,

Ar 1 Blaidn exp 1, oo d tw indicare
that & given pictune or constent pat(m of phywclogical
changes invarably accompamied a reported emotonsl state,
The only phymological partern which seemed to correrpond
regularly 10 a given subjective state wan that of rurprie,
ar the oncoming of ae emotiomal upsct, Surprise 38 marked by
& sudden loas of shythm n heartbeat, wregular breathiog,
and gaetne contracion Thin ie the only reported emotiomal
state which fits inte the Jamo-Lange defintion. Surpnse,
hewever, while it marks the ooeet of an emotion, i hardly an
cmotion n itelf.

The earliest actempre to discover experimentally bow seru-
rately one can judge the probable emoticnal state of a per-
son from a phetograph i that of Feleky (1974). To «ach
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ol 100 judges thu jovestigator submitted cighty-mz phote
graphe of heeself posed to represent a wide range of emo-
twonal states, together with a list of common oames for emo-
vone, The judges were inatructed 1o woite on 4 dhest apposite
the number of r.ld\ phomgnph the emaben which ﬂ\:y
believed it porteay which were
ranged from fear, rage, and BUBpLCION to surprIec, sympathy,
nod religionk foeling. Cn the whale, the most stmlong resalt
way the wide tange of emotions attnbuted w any one phote-
praph. Anger, fear, rage, were in genenal poorly judped; fear
and suapicwon were often confused, and rage was frequently
calied “horror.” Expreswons depicting sneening and disgust
were agreed upon best, though often called “scorc™ and
“romterapt © This sxpenment m hted, of cocres, in its prac-
wcal application, tnce one never stnkes and holds a poae
when normally upset. It does sndicare, howsyer, that we
jodge s individual’s emotwosl atate very poordy from
photographs of facal portraya! of emeotions

if the obwerver hun !I\e wouce, Mtk the reaction, od
knows the i ing the Hwing pee-
son, hi judgment mpmw:d but & yet far from perfoct
A recent experzment carried out by Sherman (19:8) shows
thea dearly. o this test, 2 group of thitty-two graduate atu-
dents in peychology were shown moving pictures portraying
the reactione of infent o four kinde of sumuh: husger,
spdden dropping through o dwiance of two o three fzpt
toward a tahle, restraing of head and face, prcking with a
peadle. The sumull themaslves were oot acen by the ob-
server, havirg been deleted from the film. Lictle agreement
sppeared me to what was the emotiontl reacticn exhibiced
by the child, Thirteen chververs c2ifed the bunger respomes
anger, seven called it hunger, sevan frar, three pain, one
grief, and one consternation. Fifteen called the respoase o
dropping aoger, enly five fear. In another tem, a group of
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med.lul nudenu and purees wers shown the stimuli which
1 a2 well na the Teaponsce
tjmmelvu Judgraent nnd:r these condinom wan much im-
proved, fear beng mosy often named for the dmopping re-
sponee, aoger for rotramt, ead pmn for the needlepnek.
When the films were armaged so that the nfanc's emouoaal
response war hown precaded by some atimuluz other than
that which sctually produced the emoticn, accuracy of judg-
ment was mouch decreaped, showing that the chiervers had
beeod their opmions more on the sumulus sicuatron than
on the mesponice. No doubt this s genetally truc of other
than laboratory sutuations. We judge a persen’s probable
cmotionai atate from the expected effect of the stmubus upon
hun mere often than from his overt maponses Watson hes
opated that there are chree well-dafined emononal patterne
in batwes, oamdly, rege, foar, and love. Sherman's work
roaken the cxmtznee of such dearly chacrvable patterns ax-
tremely unlkely. Fear of anger responses m babies very
pattern from meuation to artuaton and from hlby to baby.
Landin f1gu4) hea perl d an d o
discover whether rtpoﬂed emaotons sre looompun:ed by
defimite and easily recognized facal expresmons. A peries of
pbun:gupha were taken of hla aubjects while they were
various emetil There were
wevenvesn of these snvations i W), several of the more
stnkung beng 33 follows. smelling & bottle contaming am-
monw, falscly marked lemon, looking at parmegraph pit-
tures; decaprtatog a live ratj severe clectrical shock. Twelve
women, twelve men, 2nd ane boy acted as wubjects 1n order
the better to nnalyze the lond and ampunt of movement ex-
hibated by the facial musce groups, theee were traced out
upcn the face of each subject wuth burat cork to make them
ahow up beteer :n the photographs.
The skjects charactenzed the emotional value of the -
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mom in \'maul ways, by pmfamty, cutcries, and verbal
[ long dimguat, anger, furprive,
and |=x eToement were num:mua encugh to be atudwed in
with the pk he of lacul exp raken
during tbese spates. After mamy compansons of the sort
Landu wrten: *With no verbal repart of a gwen smoten
dni L muar;'l:, proup of muscles, or :rpren:m: pccur wath
quency o be dered of char
emotien. Theee i3 20 cxpression typically mssocated wath
any verbal report™ locdental findinge of incerest were
that men employ more facel cxprevecns than women, aod
that sraling was the mest common response

(3]

‘The question bas weigen whether the respective inteositcs
of an wdividual's cmotional etates arc bighly correlated, 1,
whether the individual who gives a highly intente Fear re-
aponac to & atandnrdlz.erl situation tends to reace in the same
highly 1 way 1o ktng mnger, joy, or
gref; and muledly for reactors whuae :mmmnal reapannes
have Jow - Wetheler {rgag) has ped to oswer
this qucauon, umlg the galvame reflex as hes mndiwcagor of

‘The paychogal reflex has bezn de-
seribed on puges 22530 aE u skin phenomenen which resuls
from a difference = electrnical pocential between two points
ou the skin and whick in turn 1 probably dependent upon
changes 10 eweat-gland secreuon, A diagram of o simple et~
up for sccurmg the galvamre refler is shown in Figure ag,
while in Fegure 21 i shown an ordinary D'Arsonval gabvanc-
meter. Thera 1a connderable reason to daubr the specficty ta
cmotion of the peychogalvanic reflex, although hus bas been
claimed for it by several expesimentces. Body resistance,
upon which the peychogalvanic reflex depends, is known o
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change donng the course of the day, while fatigue, deep res-
piratien, snd musculer cxertion all provoks mare or lest de-
flectica in the abacnce of any reported cmotion Weehalar bas
cleardy shown, however, that emmions! staws do produce
qure wide peychogalvanc reflexes, amd hedoe 1 an experi-

LG A

Currest
T
Srupix Dunmau 0 Saow Tlow run Percmocuvsaer Brexx [pgr)
Mar Br Mzunmam

G w the pphasoneter sod 5w the nubpect, who = 8 oot weh &
wrcust.

and & more of curment, wmally a4 volte Wh Lhe w cloacd by
ey there will be an sl aslvanometme defeclon an e sl {ien
Faure a1) whock u reorded by be amcomester Wi tbe aubyect

by
wulated, the
$5r A Wheatstooe brdpe u cien emmdoyed 1o g the witwl deflees
W back to e, wo thar all ppe's may be taken from fhu refeence
pomt

ment in which the afimoli bave bean selacted wo as to give
emotional reactians, the axtents of the reflex may be faidy
taken 20 indicatons of relacve emenonal itenaty.

Elgven driffarent stimul: ware employed, aoch s pricking
the subject with & oeedle, socunding ma wutometile *klaxoa™
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haen wuiddenly, and ringing a ball. All of chese, with the poe-
mible exception of two or thres, were calculaced to sucpnac
or aunoy the subject, provolang anges, pam, ot mild fear,
'.I'he subject's tedponie ta coch BIRAGAn was medigred by the

¢ reading. In d with the exrent of the
plydmga]vnmc refiex responee, the thirty subjects were
ranked m order of ment for the cleves witurtions The cor-
refuton or cormtipondenee of these rankings ranged from o

Pz 1
Ddawona Gavysowerns
Chunges 1n the -nh\p.m et red by ameewes] gzl caam
mgppmes ol the u.mdd:mumvlw.l

Ax 4 tarme o the o thue defieenons be read frem the
acaie, 5, by the cxperumenter, b the mm.f
or negntive [just no relatonshp) 10 .Bo or more {close
relatonehip), with an average at 58 In the case of the
lugh oun'd-mn of B0, this very close cormspondence wan
dly due to the mmdanty of the two in-
volved; the first wan the response o an somohile harn
acunded suddenly, and the second to the 1ame sumulus re-
peared. Thu in far from sither way,
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but on the whele and wethin the [t of the laboratory
wtuation, theee 1 no svidence to sodicate that persons are
emetional in geaeral or wnemetianal i general. A highly
emotonzl respanee {wade galvamc defiectbon) to one situ-
anon m no guarastee of an equally large upsst in ancther
and differest situanion.

4]

e of the beti-known llustratioon of the method of im-
presuicn W the lree association tent. Used se & means of dng—
noaIng ] difficuluies or l the
test method was firet cooployed by the paychoanalyst Catl
Jung {191a). Jung's wethod war to prescnt bo e subject or
pazient a sct of wards (ubually roel, to cech of which be
was imitructed 1o give the Bt word or fimt assocation
which occurred to bim w2 quckly s possible. The sumulpa
words were aclected 1o cover 2 wide range of wruabons,
and to include many which woutd presemably have emo-
vional value for the subject. These socalled “ermical words™
were jncluded with meny odiffersot or inoocuous words
By way of dlustration Tabte XV piver o sclection of twen-
ty-five prequmably cntieal werds from Jung's i, The the-
gry underlying the m3socation method s used by Jung and
other analysts is that the emreme umudity, embarmssment,
eaeless feavs, ansetien, and worries which occur 1o nervoos
or neurctic pﬂmm, snd to & lesser degree in nnmul pennnn,
center around fi and il d Epi-
wexden in the peroonl Ife, Thore words in the L which
remind the tescec of these corurreaces, gr “tap® his com-
plexes, should thesefers provoke & mighly peronal or eme-
tonal geeeciation, accompanied, sy, by luoghrer or blush-
ing. Lengthened reaction time, repetrhem of the stimulun
word, or an entire lack of feapotuc are interpreted Ir_v Jung
un the avoid of with
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the stimolus word. Such reactions arc called “complex indi-
catore.” A complex, as the peychoanaiyet genarally usea the
term, denoter @ group of conscsllation of ideas cenzered
arpund some particular cpisode which possessm much cme-
wonal agrificance w the taatee. Thun an individual much
emcrted of ducurbed over religous mateers iv eaid 10 have a
“religous comples” ; other indvriduals ate descnbed an hav-
ing eex complexes, or mienanty complexes, the Intter tarm
being generally ueed 1o cover feelings of madequacy of all
kinds.

Tapz XV

A Sxurerion or Twenvvsne Carricaz Wonps reow Jumws's
Lot or 100 Aseocurion Wonne *

dead wld
to dence to beat
nek o ;r.uh
BAETY 1o fent
10 rwIm brrather
pity faine
to dic ENXICTY
to pray to ki
money brde
despuse pure
unjust eomented
to marry man
ridicule

*From The Amencan Journtl of Paychology (1ena], 21, 119

O the prieple of atrct “paychic® determumem in mental
hfe {Freud}), every reaction should be completely ezplicablz
in rerma of its antecedents, all of which are mevitably hinked
up with it in some way 50 it is acgued that any word which
is ped up o the subjecr's expenence with an ongel emo-
tonal upeer, i followed wp, will Gpally lead back o the
sourea of his dificulty or numplu. To lostrate simply, »
bighly joni or leng! P w the word ridecuir
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tnight enable the analyst to dmcover by further questroming
that the source of the patient’s trouble began with & pe-
culiarly sheped nowe or 2 epeech impedisnent which hed led
others to tesse and bedevil um to the pont where feclings
of inadequacy and the mmery arivng thecelrom had senoualy
interfered with ke normal hie In Table XV the wards
kus, bride, pray, refieods, azxirty, aod the ke mght com-
cavably lead to reactons which would be conmidered com.
plex indicators

The aktocution method in onz form or ancther has been
widely uud by psychmmlylts Perhaps the cheef obysction

tegts as ind of com-
p!us or of repreued and usually unconventional thoughcs
and wishes i that chey may eanly prove wo much Newdy
every perton has at some time or another worned about
religious matters or wex adpubttaents, or has felt infence,
and of sofficendly gusded and proalded by an analyst could
probably revesl several complexes. Thie e particuladly rue
of the sex hie, Bnce ottty 5 30 orgamzed at present an
grescly to curh and limit fresdom of expression in such
matters.

By [ar the most exvenmve use of free asociation has been
made by Eent and Rosancff {1910} in ther comparmen
al the responsei given by the pormal wod the ingane These
investigators ueed a4 bec of 100 words contmung sumuli
hl\rmg probable emctansl velue, ie, cuvtl‘mg tlle unul
worries and at well as p
words such a» table, chcir, stove. This hit war given to
roce nommal and 24y meane adults, the reeponses to each
word boiog urcfu]ly tabulated. Probably the most atriking
result obtained from thu mawss of materul was the lacge

of “individual” gm:nby the invane
» mmplred with the mommal. If & person gwu 3 responac
ot given by any ome elee in the group, it in considered o
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be an "individual respenie” The pormal group gave about
% per ceot individosl mpmucl, the intane group 37 per cent
A large number of individ HY idered by the
authors w0 be probably indicative of ccecntng thinking or
gther peruliarity, while a largs oumber of “common”™ rte-
upanses {thoae given by echeri) ndieates conformuty to the
stundarde of the group. Fach reaponse, together with the
frequency of it occurcenss, hay been wbulated for sach
aof the 1oo words 1 t]\e Tt From these nhln Bne an de-
termine bow or how P ] hin ambcia-
tem are

&)

From the cxperimental ponts of wicw, the devective™
e of the free avsonmtion test w 8 mors direct and beteer
controlled uge of the word-reaction method This methed,
an irn nume imphes, was incended to diwcover the reat eul
prit Toom ameng several parsons suspected of o crime In
the prycholopice! laboratery, the “cnme” is usually & stuat
of some kind through which onc person oot of several pos-
mbly candidaten is put. It in so arranged that neither the
experimenter nor the dass knows who is the “guilty™ person.
‘The object of the amsociation test in to select thu guilty 1odi-
vidual from among the scveral suspects by means of oy
telleale associations. Uﬂuﬂy these responscs will b ab-

lly loug or i tinged [; ind by laugh-
tar or embarrassment), or they will baar directly vpon the
stunt, thus giving the culprit away.

Jung har employed the word-reacticn method in the fol-
lowing r.xpnn'mcm, which may be used a8 an Jlustration.
The supervisor of a hespital repocted to him the thefr of
a pockechocl from coe of the futies i her c_'harga. The
purse iocd w fifty-fi note, ooe Y piece,
SOMme centimes, lmall ailver warch-charn, a steocil, and
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& receipt from Doscobach® Shoa Shop in Zurich. The pure
bad been taken from a clothes-closct m which it had been
placed by the nume Owing to varinus c!n:umunma which
ooed not be deenibed n detal, sue d down
o three auries, all of whom were axksd 10 submat to the
msocmmtion test. The entical words were the name of the
robbed wure, cuploard, door, open, kry, yesterday, bank-
rote, goid, sevemty, Ffry, fwenty, momey, wateh, pocksi-
book, chaw, niver, re fode, fur, davk redduh irather {oolor
of the pume], centiniss, stancd, reeppt, Dosemboch. Othar
words not beanng directly upon the thelt but haviog emo-
Tienal valus ware thefe, fe fake, o treal, fyrpcon, Bame,
cowrl, palice, ta fis, to fear, o dirconer, to arrenl, inmorent,
These cnocal worde were ditnbuted among twice an many
indefferent words, the tol consntuting the final reat.

To cach of the three nurscs the tear wan then gven, tha
responsc and the time of reaction {in fifthe of a srcond)
being taken for cach word The median teaction times of
the three nucses, whom we will devignate A, B, and C, to the
indfzrent and the criccal words are pven o the following
table:

Fxacrion Tixe (Firras or a Sxconp) of A, B, axvn C 1o
TEE Iroerranant ano Crimiean. Wimns

& B T
Indifferent words .. .. .o.0uy 18 1 [H]
Crveal worde .. ...... .., 16 . 1%
Differebce o.ovinnr - rann--a & T 3

Altherggh A “norenal” rescrion Gme—aa shown by ber
Tespousey ta the indiferent words—w the shortest of ol
ahe iy considerably slower than mther B or € in replying
to the critenl wards, This, of couras, in cvidence, theugh
aursly net conclusive, agaimt A. Jung asxe computod the
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pumher of “imperfart rprodunticns™ gyen by cach ngree,
An impariect reproduct:on or reaction i gne which 4 halt-
ingly or stumblngly given, with repetition ar evident smo-
tonal upset, Such reapenecs are conmdered by Jung o grow
oot af an auodation of stroog fechog tooe sroused by the
eritleal word which 1f catned over to several succeeding e
spoutes. The wubject, 50 to speak, becomes “rattded,™ and
gets mare flugtered op the expeoment goes oo, The result of
thin mbulacien thewed that A gave 65 per cent imperfoc
reaction, B §6 per ceet, and © 30 per cent. The actoal
responues were dutcbuted aa fallerws-

Nusmer or Iumrsnf Raacriowe Grvew to Inoorreeest
z Worne a7 A, B, anc

A B c
Indul!':m:twwdl‘ 10 bH 11
Crtical woerds .+ Loanie wa bL] g 12
Dnfferzmce o0 crvvnnirinnin ] 3 1

A hav mn exoms of § resporacs o the critical werds, B
Dun three, and C has onby 1 By thw est, then, tuspicion
agam poanta to A, Stll ancther check win made in termae
of the percentage excess of complex indicarors grven to the
eritical words, over and abova thoss given to the presum-
ably indifereat stemuli. A cxcees B 108 per ccot, Baog,
and €' §o per cent Omthe basie of these stabstical reaults
and upon carclul study of the characier of the coponses,
Jung decided that the greatmt suspicion fell on A, Con-
feswicn by A later oo confitmed this judgtient.

The methed of cxpreanon bas alto been gied in aitempt-
ing ro dcover gult or deception. Borh Mareen (rgrz)
azd Larsgn (2g33) have employed changey in bload-pres-
wure an evidh of lying or d ion with much
success. Marson beliewss that 2 riss in symclic blood-pres-
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sure of from cight 1o ten milbmeren i comuocton with
& roiponse to a poanbly queatson 1 suff;

to wadieate that the subjeet 1 lymg Larson, wha fist used
the ansociation tesr method and later the method of direct
questioning, bas employed blood-pressurs neer with age-
ootk in several canen involving actual comes Blogd-presaure,
bowever, ia affected by w0 many factory, and the techmque
1t wll czpenmental w wch 2 high degres, that & prob-
ably 100 early to regard the findmgs from such tesca as
final end of a &

L] !

{9

lu the Fret part of the chapter we outhoed four some
wher contradsctary views of what constitores an emogion
(pdpes 222-223) Au:onims o the first view, an nmnuuu ina
mental or Inzgely wndep of
1he body changes which are s wioal but somewhat ing-
denwl accompanimenta. In the recond view, ao emoton
b { to be the mdiwdual’s pereepuoe of the sensory
changes anting from glandulir, moscular, and arculstary
changes o hie own body {thie 11 the James-Lange theory).
The third view mnegacds an emobon as & felt impulse or et
toward a certain type of actity plus a mas of sensations
resulting from sorred-up body etates. The fourth view o
the Behaviormoe dirumn thar sa emomon w mmply the
reaction pattern iteelf, (he conmcicoe state, of admetted st
all, besng of po conesquente,

Let us now actempt to evaluate these views an best we
may in the hght of the experimental evidence at oor dis-
potil. The first wicw, that an emouon # Hmply a conftaous
or mental state, w cleardy too narrow. The part played by
the body changes in prepanng the dndual w meet
danger or some otber emotwoa-producing wtuation Ix too
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real to be ignored. Furthermere, we @nnot omit rom o

of 1 the e of the ekeletal
zuucles aor the enormous importance of the glinds m pro-
duong cmotonal states. The scoond view--that cxprensed
by the James-Lange theory—is probably untenable in viewr
of the cxperiments of Shernngton snd Cweanon; whic the
fourth wiew {the behaviorstic) s unproven and very prob-
ably ot troc. Certamnfy czpeniments ¢atried out wth the
bert technique now avadahle have faded wo Eed for & piven
emation ather a definiee physiclogwesl pattern or 2 very
charactenstic behavior resction.

This leaves ua, finally, che ¢hard viewpomt, which for-
tunarely aecmn to be fanly setefactory, moce it provides
both fot the conkous mde of 1be emotion end for the body
changes which may accompeny it. The “patters™ for an
emoben, according 1o this vicw, does net Le in the mase
of physiclogical changes, which are largely undifferenuated
from one emotion 1o another, buc cather o the wupulte or
wet of the organmm. In fear, for czample, the set  ta get
away—Io escape the afl of the ] hile 1
Joy the impulss ia 1o connoue the nfuence of the sumulus.
Typacally the impulee precedms the boddy changes, which
are often bidwpally valuable ai preparatory roacttona.
‘Thie view aeeme to be conaptent wath the mout resent theory
of the emotiona, that of Cannon, described on page 238,

This chapter has tned to show how, 33 a dirert result
of recent capenmental attacks, there 5 mow 4 respectable
amount of deflmte ofi ag the Much
& oow koown about the nervoun nnd phwcnl basis of emo-
wooal atgves; many of the compies phwolomcai circula-
tary, wad ol changes have
been messured; and techmques have boen developed for
investigating ‘he cavey of cerin abnormal cmetional
mates. Much remane to be dooe, of coume. Fumre resenrch
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will further define and diferentinte emotions both on the
phyaiological and prychological sude. And penetic srodies wll
aid in showing bow cmotivns develop, how they become
argaruzed, and, poeibly, how they may be betrer contralled
for the benafit both of the individius! and of socisty,

w

>

Suggested Readings

- A comprebaonive survey of the caperimenzal litsrature

on emotwn will ba found i Chapter 13, The Expras
sions of the Emorons, by Carncy Landw . Founds
2wy of Expermental Prychology [1529).

For an acvount of the pert PJI od by orgamsc atates in
emotion, see W. B. Cannon’s 30&'4}:; Chazges 18 Pain,
Herger, Feer, and Rage, 24 edivion {192g).

. Jung'n acticle on the Arsonanion Methed will be found

in the Amencan Journal of Paychology {ig10), 21,

21

Ao mtertstng modification of the Jemes-Lange theary

and @ discusmion of the mportance of the emotions s
wen 1n F. H Allports Senal Prychelogy (1gag),

%‘Iaplﬂl IIl end IV.



Chapter 11

KOHLER'S EXPEAIMENTS IN FERCEFTION AMD
LEARNING AND THEIR iMPORTANCE FOR
GASTALT PEYCROLOGY

i

HE poin; af view amd methed af iterprétsion rapre-

wenied under the naeme Gertalt Lirone, or Geytalt pay-
chology, had v rite i Geovoany as recently 20 3923 Max
Wenbereier is geneeally credieed with being the founder
of the movement 1n Carmany, but Kun Koffks, of the
University of Gicesen, and Wollgang Kobler, of the V-
veretty of Berlin, through vanous academic appormtments
in thu countcy bave become the prncips] champioos of
the (enale Wiewpoing in America.

Perhape the vimplest way of showing joet what the
new achoat of peychology stands for 18 10 mdicate firee what
i i3 nor "The peychalogut” says Tichence, “secks, first
ol all, to analyzs mental experience [consoousnces) mts
its mmpleat components ! *The rule, or measunog rod,
which the bebavioost puts in front of him,” sa Waon,
“alwuys t: Can I describe this bt of behavior 1 ses 1
rerma of glyy apd rmaponeei™® To both of Lhepe pro-
grama—aurely an far apan an the poles—EGertalt paychelo-
girme crand strongly cppoasd. It 1a falee analyss, chey wy,
1o hold that the complex behavior of & man, or an anmal
#ither, for that matter, can be explained genctically an an

= Testbomk of Faycwogy (wm},p 17

" Brhiotaorcim (19a5),
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sccufnulancn o owtgrowth of fairly wpeedfic sumuligre
sponsc bonds—the so-calied “bondle hypodhens.” And it
18 equally iovalid, chey hold, to apply strct analyws to com-
plez semsory data. The real data of szperience are argan-
wed wholes, or Gertalten, and never mosaict: we do not
encounter specific elements either in comsciousness of o
behgwiar. And so nstead of the world being to the iafant “a
burzing confusion™ {Wilam Jemes), from which hers
und there bita must be laborfously picked out and tied to-
gether or ntegrated, sven for the very young child shere i
a certain degree of arderly arrangement i wcsory data to
which he may respond without previovs levrmng Later on
2dults behave toward the patterns or total erganzaven of
objects arovnd thern rathee than towand specific stumult
Geatalien, or “configuraugmn” therefore, ae the word has
been translated, are the pnmary bumness of paychology
Henre, Crstaft psychelogy concerns itaclf wth thase dicecty
expenenced wholes, 11 studies how they come about, what
laws govern their changes, and opon what facors they
depend.
(1)

The first problems o be attacked (rom the standpomt of
Gestalt paychology lay o the ficld of venal perception.
One af the mest sngn:l'w.mt of these was :i\e quesum whether
qur sEmeory { by spe-
afic sumuh 1n lhe mual Seld o by :.he relonions among
the sumuh, Kobler {1918} attzmpted 10 atwwer thin goei-
ton i the fallowing mreresting experiment First he trained
rwo hemu {generally notonous for their lack of wntelligence)
to cxpect food from the brghter anly of two papers {a dark
und a hght) glued side by mdc on a wonden board, The
hen wat placed m 2 wire coop o oo ede of which aper-
tures were so arranged thae the fowl conld eaaily thrust its
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head out to peck graw from the paper<avered board nexc
o the coop, Grmn was scactered in equal amounm upon
both papers Whentver the ben pecked at the gram upea
the Lght or posiuve paper she was allowed to ear, but
whenever she pecked at the grain ppen the dark or negative
papsT, the was at once shooed awey. After oo 1o Soo trale
in which the positive and oeganve papers were fraquently
wnterchanged to prevent may asascstion by the fow] of the
poiove ctionulus with the nght or left aide, the hen at
lase learned o velect the pasivve 20d to avord the asgative
stimulus with great regulanty. This pact of the expenment
conptitures what 1a called (he trammg senes, Jo the crocal
texts which followed, Eohler kept the posities (hght) paper
oa the board, but substituted for the negative (and darker)
piper ancther peper sull higheer than the positive stmulu
o which the hen bad been trained to go. The question now
was whether the hen would continue to pesk st the speerfic
light paper from which she had been laboriously wramed
o eat, or whether she wonld respond 10 the brghtnes refo-
noz and select the sull brighter bot newtral paper to which
she bad never gone. Kohler's resultk are highly iateresting
and fardy conclusrve Unng four bens, two trained 1w go
to the brighter of the two papers and two trained 1o go to
the darker of the two, the neutral paper or pew stimylue
wal selected wn about 70 per ¢ont of the tnals and the ong-
ingl posivwe sumulur i 30 per ceat, These reiults shosr,
Kobler thicks, that there are in narure nmple olgumnllm!
of bingh daff which are e, o
be sure, bur yet w fundaroental that mn m stopid @
crexture an & ben will respond to the relation “brighter than,”
rather then to the specifie mimulus to which she han been
carthlly trained to go

Kobler repeated thin esperiment with chimpanzees and
alwo with & three-year-old child. The child was sllowed o
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learn by rha mathed of toial god eror thet che brighver of
twe colored boxes cnly contamed candy. Fory-Sve el
were necessary 1 order to establish the diferential responee
to the pont where oo errors were made, i o, the bnghter wan
slwayt choven Tn the cretcal teste which fallowed, 2 mew
and brighter bar win prescoied along with the oid poative
atimulus, the negauve davker boa being removed. Kohler
reporme that in thie sences the child “ivargbly™ tock the
new brght box, mstead of the one from wheh it hed for
mery got candy. This agaun is good cvidence, he wys, that
bumans reect toward siuanooe 33 releved wholse, and pot
1o bite or portiany of the environment,

The pinaser expenroent dengned to test out chin matter
of reletime and che snherser tecdency toward orgeneaven
withio the wual fietd 5 the now famoms phe-pheromenon
of Wertheimer {1g:z). This expenment, whach in zlmow:
an snking ge Kohlers, should be bnefly mencdoned o the
proacot connecton Frrst & beam of lghe 38 thrown at
regular iotervale theough a long dlit upon & screen i &
darkened room, producng a seres of farhing white lines
sgaimet a black background The appeatance and dmap-
pearance of those hoes wil depend, of courns, upen the timse-
igterval begween the flaches Now if a second bean of light
w projecied through a accond shit, slighly below the firsg
and wlighly later in ume, logically, it would seam, we should
nee tiue paralied lines, coe bying below the other and lag-
giog somnewhar afier it The actoal result is very different,
Whar the cheerver doas soe, if the timing in carcfolly ad-
justed, in & pingle Low oecllenng forwatd aod backward
The wdditen af the sscond lne bae gremdy changed the
wtimuluz-valve of the firme Inmeead of & wimple sddition of
stimyll, we have & new congtructson Which cannot be so-
alyzed inte twa asparats [inca This new fact, in Wertheimer's
view, 1 1 Cartalt or whole which conooe by sny cffort or
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intention oo vur patt be ephr up into ite two componeat
pirts. Qur percepuions, be says, are not buily up addively
hke a tower of building blocks, tather they fall at oace into
patternt which may not be separated into elsmental wen-
natvons and smages without spunoos analynes In actual ex-
petieace, such elements pemply do not emet ay real ennoies.

(3)

Gestalt peychologiets are opposed to the e that pre-
sented stmuli bave meaning for the abkerver enly i so far
at he 1 able to bong past experience 1o bear wpon them.
On the contrary, they st that expenencss may have form
and pauem fand meamng) smply becanae ther clements

“come" i This 2} i, Kohler
thinks, in thode cases wherein personn bom bhind later ac-
quue seght It is 1o be noted, he says, thar while such indi-
viduale do no¢ recoguize geometncal forme, ey, aquares
and ardes, ar such, they do wrderstand the question when
asked what 2 given form s, Thie must mean, says Kohler,
thar nabul and of the visual
Befd are pms:n( even though the stimulus soanons, hers
grometncal forme, are oot yet tagged wath verbal symbals,
it, names. The wisual field w chaote, relsuvely speaking,
anly when there are sencus brain lewons or ducased con-
ditzgne 10 the opucal centers of (e bran, so that only b
can he gresped visuslly at one tme Kobler cites 2 atudy
of Gelb and Galdstein upen s patent m thie condibon
Thie men had learned te rely lacpely upon motor and
lunesthetic cxpenences to prece out his visual data. When
b pame wat writen in lange lecen, for tnstance, and pre-
nented (o lum, he would perceive the firer few letiery 2 2
grovp aod then guess the remamder from the context and
from the amcunt of movement nceded to span the whele
name. But if several Limes were drawn acroes his name, the
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patient could oo longer ses it as & name, i, 3 whale, since
the tats which he did ser represented twn confused pattems,
and a0t two separate independent groups. Nothung was
addnd from Dthrr parts of Lhe field to give elther patrern
and in oo Geralt ap-

pearad.
4

To the Gertalr paychologists, the distincten bherween
“figure" and “ground” 1 regarded a5 ooe of commderable
= 1a the peychology of percep For them every
oigamized whale or pauern ensts s @ figure agami 2
more genenal, and vsvally a vaguer, background In che audi-
tory field, for example, 2 melody, which 15 & Grrralt, 1 heard
ageimst a background of wlencs or aguanet & vague muzure
of mucellaneour noises In hke maoner, svery visaal con-
fguration, & sunsct or & pireefight, 15 projected agamost a
larger and less clearly defined background
In a notsble series of capenments E Rubin {1918}, 2
Danish peychologiat, has studied extenpvely tha figure-
ground relanonship an the sphere of wisusl peroeption
Usnally the figure stands oot clearty from the ground; aod
for ths voaton 1t 6 1m ambiguous Ggures o which fgure
and ground are interchangeable thac the dmbnctons be-
rween the two can be mest deardy acen In Figure 22 such
an Imblguous Fgurc is shown Note that the four-poonted
“erops,® the one wath radie, atands aur rather casly a9 &
figure against the concentne ciccles which farm the ground
Now interchange figure and groutd by fzetng ntently
upon the crcles, and note that the arce o the mew figure,
agan a four-pointed “croas” are erus ares, e, cut-off asc-
nons of circumferences, wherean before they were wisible
perts of unbroken cirdes The ciccles bebawe difforendy
depending upen whether they are 1 the figure or in the
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ground. Rubin and ather Gesaft paycholomens have de-
veloped certaimn chatactenstic diferznees which they believe
distnguith figure and ground. The figure 15 more clearly
formed or cuthoed & better Gerealt—than the groond,
it 11 more wind, 1t holde gt color berer, 1t 15 more sobd
and eohetantal Kofka {rgea)] dluetrates some of chese

prinaples o the followang way. Look, be vays, through a
nterecacope at & alds one mde of which & acld Bue and
the other of which consists of a circe made up of slternate
Blue aod yellow secore. The yeliow figure easly stands out
mgainst the blue background, but the bluc secyom bave 2
bard Gme of it as "figure” agunsr 1 yellow background,
beng overwhelmed by che salid blue opposite,

3]

Gepigle prychologiste have not confined themachves to
the smbject of visusl pereeption, bot have extended their
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methods and mterpretations it other and diverse fielda,
Paricularly i ther sruches of amimal Iearming, they have
many sxpenments ta thewr erodit which are of much value
whether explained according 1o thew system or ast. 'To many
peychologwrs these sxperiments seem more subsrantial and
less mrteficigl, pethape, thaa much of the perceptioa work.
Ar dlustrateve of this type of work scveral experiments of
Kohler with chimpanases woll be described

Eohler's ape mxpenments were conducted during the years
1913-1017, upon the emall wland of Teoenfe, loated
the Canary lilands, o short dutance off the Alncan eoast
Here a colosy of chimpanzees was establuhed, and owing
to the smolated and tropical wature of the country, eaper-
ments could be cermed on voder condivons closely wmilar
te thowe 10 the ammals nabve habitat. Tn one experment a
chimpanzes was oot fed oo the momeng as wiwal, but inread
by food was fastened 1o the ool of his cage aad & box
thrown capually upon the foor of the cage some distance
from the powmt where the frut hung suspended. The ape
had never wred a boz as wn implement, and bence ignored
it compleely, although he could sawly have reached the
frutt by pullog the boxr over and dimbing wpon it The
amwmal spent many hours o unsmuccessful effort, trying to
reach the frun by jumping up woward m, cdimbing vp the
walls, and the hke. Finally the expenmenter dragged the
boxr ower beoeath the suspended froit, stepped upoa it,
reached up and touched the banana. He then got down and
threw the bor some datance away, Almost immedisiedy
the chimpanzee pulled the bax over ander the frut, dinbed
upon it, aod pulled down 1he food. A vanation of this experi-
mant was treed by Kobler with another ape which be con-
urdered particularly stupid. Thie animal had often seen other
chimpanzees use boxes ws platforms from which wo reach
iood, but he had never actvally done che trick hioelf,
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To scx whesbier bt mught not have leamed from ks fellows
what 10 do when put mibo & situation requinhg the employ-
ment of @ box & 2 plardorm, Kohler factencd & banane to
the roof of bua cage, threw 1m @ box, and left the anumal to
s oxn dewrces. The ape’s subsequant behavior in quite ea-
lghteniog we & demoastration of how hopcless the spluven
of even a eimple task may be unless she relanens smvolved
#rc clearly apprehended. Thw monkey at owes ran te the
box, but snatead of dragging i ander the [ruit, be cither
dimbed upon it and jumped up, or clie climbed upon the
box, hepped dowe, and quckly ren over m jump up from
the ground oader the fewe.

This expenment, sayn Kahler, shaws how necessary far
learnig o m to sce the sifuaboo mvelving the tazk as 2
whele or entrety The first ape did ot conmect box wnd
frmt uotl the relavoe wat dememstrated o him by the
expenmenter Once the celation war perceived, the box
ceased 1o be wmply & box and became wa implement-—some-
thing o be ueed 1o gertng frut More techmically speaking,
at the instant tha relation wes seen, the Gerdolt was formed
The awupid ape, it appegrs, kpew that the box and jumping
up were both involved in the task of getting the {mit, but
that was as far a1 b analyms went Fad the eonnecuiops
grownd-box-frunt been made 1n their proper sequence, the
wination would have been arganzed at once, and the group-
g would have become meamngiul. But by the stopd ape
this lum Gertals wae never formed; inmead thers were for
him two separate groupmgs, boxr-jumping-up and jumpimg-
up-fruit.

(6
In amother sxpesiment Kohler anempted to sen whether

Sultan, apparendy ki most avellipent chimpaazee, could
combine two shcks mto oow usefu] implement. Tha stscks
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wera tweo hollow bamboo rode, the cos betng snsygh smaller
than the other s that 1t could be ficted casily 1nee the end
al the larger to form a single long stick {see Pigure 33},
All of the anivsals had frequeatly ured magle sticks o poll

Fia 33
A Comurarmxs Freowe « Swaw Stoce 1ams 7ok By o & Lo O
(Adapted from Eoble's The Mrwtality o) Aper)

in banenas sod other frut placed eutade of the bars of
thear cages. But none hed been given the tek of jrinng teo
racks o & wingle one and uwng rhe reealvag loag stck
an a0 implemegty wich which to poll ja fnur
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‘The set-up of the experiment was as fallows. The chim-
panzec was put 1mobo & cage along with the vwa stcke, and
several pieces of frust were placed ontwde of the hara too
far away to be reached by mther sock zlone, buer within
easy reach of the joned snck Judged in the hight of s
rather smple sitwagon, the ammal’s bebarior seems incred-
ibly etuped to buman eyes Fimst be tned to reach the frut
with one stick and theo with the other. The fuling, be
pex; pushed one spick ot 20 far as posable, and then with
the secand £ick pushed the flest one on umbl it Gcally
rouached the frum, Thie actual contact, Kohler notes, seemed
to gree the ammal great satmiaction, but it didn't gove him
the frust] At lunt, a6 the animal seemed no cleaer to & solution
than at the stast, the czptnmenter gave ki o Bunt by stck-
ing ome beger into the opening of the larger yock directly
before hin cyes. But thie cue lailed to help any, nod after
un hour ar sa of futsle cffost, the ape apparently lost ioterest
and gave up the twek as hopeless. He continued wo play with
the two stecks, however, aod after come manipylangn, bold-
g the ooc stick in the left hand and the other in the nghe,
he accidenzally got themn together as showm in Figure 23.
The first eonnecticns were looes, ao that the sticks fre-
quently fell gpart, but the ammal permsted, woth great
cageroest pulling in ot ealy all of (be fru, bus all other
small movesble objects, auch a1 atonen and yocks, within
reaching distance. On the follownng day, after some desultory
puthing of the one mick by the nther (repentim of the old
unebeps behavior), Sultan quickly jowned the two and go
the froit.

Thwr espertment, as interpreted by Gesealt primciples,
shows agamn the growth of elementy at firse uncommested
into an orgamzed whole. Unnl the ape perceived the two
stcks 2u capable of formung 2 mingle unit in the situation,
reaching-the-food, no Gestalt appeared. When the two sticks
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became one implement, however, 4 new pat(ern was at oace
formed. Maoy lusceacions of the growth of such patterme
or Grrtaften are oted by Kohler. A bax will often be am-
ployed as & plaviorm for reaching frut of ot 13 10 doee proa-
iruty to the frue, bur not of it = 10 a far corner of (he
cage. A suck will be uied to pull 1a innt from the putade
of the bars of i i close enough to whers the frun is lymng
o get 1nno the same puerars” with ik, but oot of it 15 at some
distance, or w only porenually present as wn the branch of 4
tree whech has bren thrown into the cage. The point made
by the geatalvars i3 that, 1o be uked 45 an woplement, the
box or the srk must emst as such 10 an grgamesd vumal
whele, the relaticns of whose parts mre perceived When the
relanonn wvalved are quckly gresped, e, when the an-
mal almait et oace gees the whale meture of ronacchons and
mutual implications, as, for inrtance, climb-on-hoz-gat-fryit,
it is smd to have “nwght ™ A wmitoetion o czpencoced with-
ourt insight when it varcus parts are nmply teen <& purn
with no depend or orderdy Inught mto u
preblem, thea, involves semng the problem wih i vanous
implicapons an all of one pecs.

4]
Beside buillding ||p n thorcughgoing experimental bavis
Tor thewr (b pu, the Gesials pay greu have

advanced cogent and uard:u:s enuaems of other methods
and points of view. Kohler's cnucss of the methods em-
ployed in many apimal experimenta condocred by behmyv-
jorints acems worthy of mention. In icarning problems of the
“choice reaction™ type, the snimal i traned e go to cpe
stimulus, 3 red¢ Lght, say, sod to aved woother stimuins,
u greco bght, by beitg fed when he chonpes the one and
shocked when he takes the cither, In wuch ezpenments,
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Kobler pentt out, inatead of giving the ammal an deetric
abock ip the fect when he redponds to The Degabve stimulug
it would be much more logeal from the point of view of the
amimal's own experiearc to have the acgative strulue do
something to the animal—move forward or fnghten him o
some way. Not only would thu be cloder to the natural
stuetion for he mmmal, but the comnecucn berween re-
ward and the one stimulus, and pumshment and the other,
would be much more cbvious and sensible. The latter mto-
aticn, Kohler thinks, would formeh 2 good Centalt, lhe
former, which i3 irad 1 in ammal sgp
poor cme, simce it 1 wel-mgh impoasible for the zmmal
to CgADEE Into BOc Stualon pruthmentan-fect-for-ak-
jog-the-wrong-light As noted in Chapter 3, page 111, both
Kohler and Kofiks have crticized the ammal expenments of
Thomdiks oa much the fame groued. The ammals m then
expenments, they say, wera forced to Jearn by treal and error,
auce there was 5o podnible way—n the light of ther eapen-
cace—in which they could organize such acts us opening a
latch or poillog a loop wnto the ptustion getbng-out-of-a-
box-and-gettng-food Much of the so-called atupid learnung
of anmals, Kohler believer, grows out of the sctting of
xlmest sposuble tasks for the armal, e, tasks which
caonet readily be organized mte a meaningful patem, if
they can be so orgenzed at all
The work of the Fesealt prychologists, mest of which has
been ﬁom 1 Germany. Bas spired several American pay-
holog 3 along the same lines
Much of wlm. bas been done in the feld of perception iv
bghly technical wnd difficult to descnbe simply or in brief
space. Two studies wall aerve or illusteations of this type of
work H R De Silva (19z6) haw ipvestigared the factors
vitual anch ap ia mepre-
senred by ‘Werthumer's phrphencmenon {page 351). Ge-
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etaltints argue that the spparent movement which occuns in
the pAn i n cleartut demonstration that configeranony are
non—addeive Actual movemenws and illusioas of movements,
they hold, are fundamentally the same, the lamer being
Liempng cases of the former. To some extent De Silve sub-
thi The pereapy of real or actual
mevement, hm, be finde to be dependent manly upon
speed or velocuy, white the perception of apparent move-
ment 1% condiuoned, mstead, apen the separation mn space
of the stmul. 2od upen their degres af intensity. Eapecially,
he emphanzas the subjective famore prevent m the per-
ccpion of apparcnt mowcment. W 5 Huolm {ig27) has
wiudied apparent vactual moverment by applywmg two pres-
sure pomnts upon the skin of the forearm Thess
stimali weee applicd sometimes together and sometirnes a3
much a8 3 second apart, tpatally they were separated
cight stepi {rom from five to 150 mullimeters Hulio's sub-
jecta were inatruced o report when they crpenenced ap-
parent movement from coe pownt to the other. Only 3o
per ceot of the 13,000-0dd judgments given by seven ob-

wervers ind d the exp of 5, 14,
configurations in the cactual fiald Applrem]y, therefare,
tactual Gestalten are directly dependent upon defimte tem-

poral wod spatial relations exsting among the yumuli, and
are not generally found phenomena,

One of the most nperesting invesngations, growing out
of Kohler's work wath chimpanzees, 18 & stody by A. Alpert
[1028) of the rdle of mwight in the learmng of very young
children. Forty-four nursery school chuldren varying in age
from ninetesn to forty-ome months were subjecte, Sutuations
closchy resembling the problems set by Kabler for his aps
were devised. For example, & toy would be placed on o shelf
et of reach and a box or cheir left oear by} if the child used
the box or cheir az an implement—atoed upon H—the oy
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could be secured. Agan a toy would be placed cunide of
the bary of 2 play-per and a youck left bandy ncar-by wath
whick the desired object could be fished 1o; yometimes ghua
protlem was comphieated by providing twe sbcks and &
oy, @ short suck, which was wo short iteell to reach the
oy, but which could be uaed in rakong in the long sock, and
u Jang stick with which the toy could be fished 10, The ques-
von at wsue 1n thess sxpenments wae whether the child
would how the rame sodden nnght nnto the taak ar was
exbibuted by scveral of Koblers epes. Alpert discovered
what sbe called “amediate innght—a quick, sure soluton,
mare aften than Kobler found for his apes In meoy cascs,
hewever, mmght wan gradual or partnl, preceded by what
seemed ta be 2 certain amount of furnbling tnal sod eror.
Tt in /mpossible w say just how much teatatve erial and
chmervation preceded many of the successful solutiony whare
insight wan Judged to be immediate, but on the whole 1t
wan probably more often present th.m et (ut page 114).
T are vald ] can Eay
Jefinitely that the young chuldren were more incelligent @
thew solotioss than the thumpanzees.

(8)
In wpite 01' t.'he vigor and mr]luc\nm with wlnch the
Girstale p ey has been p d by it

hat not, an yer, m many conrerts cither oo the Conbaent
or m America, Objecten has hesn ranui beth to ite theoreri-
zal P and to 1ta . It ban
been urged, for ingrance, that the tenn Gustalt connetes
nathing csacntilty acw. Poreaption has long been regarded
by Grrtalt ists as m umbring resg arasa

*combining -mmr' (Woodworth), groups and outlioes
are grasped frat and the elements and detaile afterward.
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Bizec found long age {1899) that srhen line drawings arm
expowed for bricl periods, 28 m & techistoscops, the drawng
in Grnt glimpeed an 2 whole and e detads grlduﬂly added
n Nor i the d betwesn
ﬂgure snd smnd an ape:lllly orgnal one. The wall-koown
lar nvelry " sod in the ame
hqguous figuras, for !nmp[e, thow how & detail cun stand
out gt w background at one instent wod become a part
of vt later on. It should be sand, howaver, thar the gestaltons
bave camed the study of the figuregmund relation and
the lawe govermng i further than have other waorker.

I the fidd of learming, much cnnciem bar been leveled
at the term maght. The contention 1n thet this =xpression,
while descripuive, adds oothing 1n the way of explassoen
Innghe, according w0 the Gerralt prychologlinn, appears ia
quick learning when the man or ammal syddenly grasps
the pnnm;plel m\mlvsi m the ta:k ar :eq m proper reda-

But an it in very
difficult to know just hew much tral-and-ecror learning hay
preceded the flash of inmghe. It may be thet such in always
the case, provided the learning in doaely analyzed. In hard
und lttlecomprehended tanks, we koow that both men and
swmals resort to hit-or-miss learning wotl by chanes the
succentful wmove or acy it it upon. In simpler problems, of
course, there is wroally & marked roduction of random se-
tivity and oftencimes the wedden appearapce of inight, an
thert it also in those actrmtics o which the individual is
xble to bring to bear information ar knowledge from previous
and samewhat similar situations Tt would seeam plavsibls,
then, that inmghr, geoetically looked at, muy well be the
end-result of 4 much reduced trial-and-error penod. The

b Busocplyr pvalry pevum when twn dmsimiar pctors ae pliced =
& Wettoweope The rombt @ 4 coptinen o maly between the twe,
fmt the po and then the gther puture by nunprasd
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prevoas tentative triale exint, to be ayre, bur are pot repre-
semted 1o the parbcular learmng curve under scrutiy, prioc
10 whe eppearance of mmght Jt bas been pointed out else-
where {pages 173-104), m another tonacctien, that the -
nght shown by Kohler's apes was clearly a functon, in patt
£t leawr, of the rasks ser the ammals.

Criviem bas been made sleo of Kohler's ammal work on
the score that the capemmentees presence oo several oc-
casiont dunng ac exp an dled
Tacror. Anmals are quitk ¢ pck up cuss Tem an endrely
inpocent expenmenter, a8 han ofien been shown in the
cates of horees and dogs which calcolate or perform other
supposedly “inpallectual” feata that rurn ont upen investe
gatm ta be anything bue “atellectusi™ (see pages 107-118).
Aga, the results of many Gestall expenments are oot se-
ustieally well established In the expenmest quoted on
page 246, for instance, the hene reaponded o the relabon
of brghtoess 70 per cent of the trls Although thi
result makes the relational response more probable than
the specifically leerned ooe, 1t 18 2ot sufiaent to esrablish
1t mith certamty Many futther truls and larger groupe aoc
needed to do ths

In the preceding sections we bave shetched m brief out
ltne the point of view and some of the capermental findmp-
of the Grrsft paychologsts and have given, il well, som
of the more chvious critkasma which have been dirmted
agunet tis new school Whether perchologiats agree with
the ritalt paychologista’ viewpomt or oot, most of them ane
agreed a4 to the mtrmsic value of ther cxpenmental work.
Av a fresh and vigorous movement with emphasis upon
expeniment, there can be hrtle doobe but that Gestadt pay-
chelogy iv destined to play an importaoy réle m the futore
development of prychology
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Suggested Readingy

A good descripnion of some of the represeatative ci-
penmental work oo percepuion dooe the Garigdt
prychologists i gven 1n Kun Koffka's Perceprion
An Introdurtiox io the Ganalt-Throne, P lomeal
Bulletin (X522}, 1 1-56
me(pﬂ;as;ss of the prinoim, c;ffr.h:
Grsalt p gclwl and it present atatus, sec Wolfgan
Hohler's ali bm"ogyp 2g). " s
The articles by 2 and Kuh]er in Pryckologes of
rg2g will prove helpiul wo :be begioming stodent.
Kohler's with d
in his The Mratalicy of Aper {19a5).

s




Chapter 12

WEBER'S AND FECHNER'S LAWS AND THE RISE
QF PSYCHOFPHYSICS

{1

LL of us, 0o doubt, are Jamliar with the fact thac our
prrceptioos of differeaces o the meagmitude, extent, aod
anoune of things around ues do oot vary dicectly with the
chaoget in che cbjects themselves. Thus every one would
agree that a fant tone doss not need w be mcreansd e
much as & Joud tone for the change to be noticed, and that a
fonr-ymar-cld boy doce not bave to grow ms much as his
nxseen-year-gld brocher for the increass in hoght o be per-
ceived, Mout of up, tog, waold be ready 1o admig that coe
pound wdded oo to & ten-pound loed it more clearly felt
an o mereesed woght than one pound added oo to a Sfty-
pound load; end that an crror of ooe inch o measunog
one foot in far cruder work than an errar of goe wch in
measunng ope mule Bur few, probably, of thoae who have
noted these facts have given much thoughe 1o the question
of how oor perctpuoa of @ dilference, and the actnal differ-
ence maelf, arc rolated ocher then to speculats eomewhat
vaguely, porbaps, that the relaton is deady por coe of
simple proporion
As 1t bappent, one of the very earlicnt attempts to employ
cxptnmental methods 1 prychology was dizected toward
solving thie problem. There were several reascnn for this,
For coe thing the sarly paychologimt were mowtly phileso-
phers, and hence were concerned mainly with the problem
208
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of how knowledpe of the world and cumselves in obtained
through the seness Moregver, there already exicred a re-
spectable body of fack concermng the sensen, eg, the car,
the ey, the whn, which [urnithed a coavenicat starting-
point for wvestipanon. Whatever ather rexsons there were,
the fact remmins that the tome of sensabon-stimulus de-
pendence bulke large n lhe hinory of expenimental per-
cholegy and han d Literally an amount
of resczreh. A whole hiterature, in fact, has grown up around
the subjest of prychophyases, ak the branch of prychology
12 called; and the purpose of thm chapier = to outhne the
development of peychophymes and to evaluate as far as
poatble, 1 brief space, wx place m modern pe

(2)

Peychophysics really began wath the work of Ernet Hein-
rich Weber (17g5-t87E), although as a scparats hranch
af psychelogy it did oot with um Dunag the
yenn from 1829 to 1834, Weober, who wae professor of
aoatomy 1o the University of Lupag. publ:ahcd m Luun
a Joog wenes of and
{or muscular) seosaton under the tifle D¢ Taciw Weber
war iaterested prmmanly i dwcovenng how  accurady
mall differences berween weights can be perecived whea
the weights are hited by hand or are allowed to tea freely
on the surface of the skin He wan intereaved also 1o how
amall & differencs between two Lnet can he ascertemed
or percmwed by the eye In a seren of expenmenta with
werghts held between the fingers and hifted by hand, Weber
dimcovered that & weight of therty ounces could yust barcly
be dustinguished aa lighrer than a weight of thurty-one cunces,
and ag heavier than one of twenty-mne ounces. Tha pro-
portion he found to bold closely for drame?! as well as

" A dram =g quoce pvoudupos
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lor ounces, ie, thity drams conld just be delt as lighter
than thirty-cne and heavier than tweoty-nine drama. With
practsed subjects, the same proportion held for Dhphter
weights:—14 § cunces or I45 dramé, for imtance, could
just be dwtnguashed from 15 ounces or 15 dratos, respec-
dualy. Smallser differences than these, said Weber, are very
rarely Msconed,” while gn:ib:r diferzoces are too aften per-

ctived 1o be d: it bie, In -
cerned with judping the length of Ilnu, Weber duscovered
that & different but ol prop beld

good. A Tme of 1or m]hmer.em mu]d Juer be dispinguished
az longer tham ane of 100 mllimeters, wittle & loe of g2
millimetert wan judged to be pust chaervably Jonger than
one of 5o § millimetern

On the bame of these reaults, Weber formulated the
famous known mul Iy an Weber's Law.
1o comparing objects, he says, it clear thar we penceive
not the actual difference between the two objects, but the
ratin of this difereace to the megnitudes of the two ohjects
comparsd. To pi it in other words, the chaerved difersnce
between two obyects 12 not sbsofute and completsly inde-
pendent of the ohjecr themeelves, but 5 relative to the
g of the simuic and is {ronghly) a constans frachiom of
pne of themy, the so-called “standard stimulns ™ The sonmant
Fraction muit be ducovered by expenment, and 11 ealled the
“differenee Imen,” or DL For seights Lited by hand, the
DL wes deterseaed by Weber to be ¥, ta 45, tod for
lines approximately ¥ gp. To illustrate the meaming of the
DL more concretely, 1f thrty ounces can just be dimnu-
guished from thirty-one (34, 230 =1), then nxty cunces
#hould be just dunnguishable from axyy-twe (3, x 60 = 1),
and moecy from cinerp-chree {340 K90 =3). In cach canc
the just notceably different stimulus is weparated from the
standard sumulus by 2 certain fractionel gmeunt of the
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wandard, and thu frastes or DL remaime swhstantally
cOnNART oo twatter what the actual eze of the chjeco com-
pared.

Weber's Law may be exprosicd more conorely and
better mathematcal form as follows let R ostand for che
elandard yiumulus,? e, that obyecr or thing wath which othar
chjects or things art 1o be compared. Then of dR 1w the
increment by wiich R must be mereased m onder ro produce
a just notczable change 1o the sencacon (§) arcused by R
—lor example, @ judgment of just harely heavier, or just
cheervably longer—Weber's Law may be summed up in
the lfollowing equaucn

AR=C (a congtant)
R
Ar we have already seen, Weber put the constant for Lfted

waighm, i e, % at 3y, and the DL far heer at ¥ eq

Unfortunately Weber's conclusion that the just noticeable
wnecrease 10 a stymulue 18 @ constent fraction of that stimulus
18 not 6 clear-cut as b appeans at firg glance, The trouble
fies 1m the expresmon “juct nouceable ® Thus erm s really
ambiguous, since ot often neressary to specfy Just how
often 8 stimulus-tocrease most be correctly noted w order
to be called just notceable. The usual pracuce has besn
1o take that difference which m judged correctly ¥§ per ceant
of the ume ae bewng anfficently nabceable But other per-
cenuspen will serve, the 75 per cent pomt being chosen
wimply because 1t lies mudway berween go per cent correct
{which denotes simply a chance difference}, and 100 per
ot coreet (which denctes a difference so large ab slwaye
10 be correnly pereeved) Tollostrate, if & 1oz-milimeter
line is called looger than & stapdard lne of 190 millimeters

R Rz, the Germypn woad doe “atomule,” and w reqelerly wsed
prrchophraey
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aeventy-five times 10 100 compariscns, then accordog
Weber's Law Efty-«me willinewers whould Be qalled longer
thap &fty milbmerers, 204 mllimeters longer than 209, aod
510 mulioneters Jomger that 500, i 7§ out of 100 tials or
Judgmenrs, Al of chese raves, Yo, Koo Hag, 298 ¥oe,
are equul, of course, and the DL 3 We may now state
Weber's Law more clearly and les ambagucunly an follows:
the ipcrease in any given stmulos which 1 correctly par-
cerved in 75 per cent (or may desigamted per cemt) of the
il is 4 cornlunr. fraction of the wize af the sumulur,

The equatmn-k-— £ was Webers final statement of

his Low, and i hin chisf iboticn o (he wody
of the reluton between ensory judgments aad shmulus m-
tenmies. 1c remained for Gumav Theodor Fechoer {1801-
1887} to wike up where Weber lefc of and, bulding upon
‘Weber's Law, to ctect the intncate and highly complex stroe-
ture called paychophywcs. Fechoer, who bewder beng Fro-
femor of Physwo at Lespig was aliw a philosopher and seme-
thing of 3 myatic, saw i Weber's generzhzanon a means of
sindying quantitatively the relation between the physical and
meatal worlds, I hns Efrments of Pryckophyncr, finst pub=
lished in 1850, Fechner defined plychnphyam us “an exm
science of the fi | relation or rel of di

between body and eund.” The physical world for Fechner
was represspted by the phymeal stimuli, and the paychical
world by the sensationa warhon che arganem aroysed by these
stintuli.

Fechoer made two anumptions which enabled him to am-
plify xed ertend Weber's Law. First, he stiumed that a
large sensation may be theught of as the sum of & oumber
of repeation units} mad sctondly be mssurmed that just notice-
able diferences (y.4.d.°1) between senvations are always
eqoal and hence wre guitable unite for messuring vensation
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changes. Acrepting Weber's cquation -g%-:f.' a fupda-
mentally correct, Fechner on the hamc of cxpediments ex-
wndag over mamy year,? raformulutsd Weber's Law o
vead as fullows: When stmul rocrease by equal ranae, the
wensations arcused by thetn wncrense by rqual incremente ar
steps. What Fechner meant by the statement, and how it
depends upen e asmumpuons may be gen most clearly,
perhapa, 1o Figore 24

Gaarare RAPussEuraTat o Tos RetsTor roares Twocaey = var
Irrzmurty or Tex Sraucas awe lwozax 18 THe Do oF e
s

In the disgram we begin wn'.'h two sumoly, & standard and
& variable compari each d by the
valoe 100 on the honzonead u:eje Thene two stiriul: may
be thought of at two lighee of brightnon velue 100, or twa
Hnes each 1oo inches loog, or two tomes cach of an abeo-
Ivte intenuity designated by tod. To reprevent these values

*Duray the years 1N55-105s Frchoer alooe mude 67,078 wright eom=
permoms, acting bath m ipeticdont aod g bt
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on the stimolus scale (the X-azi, or Borzootal line}, we
lay off an arhsccary distance from zero to the pont marked
100 Then oo the verncal line abowe 100 (R.) we lay off
an arburrary distance o represent the strength of the wen-
ration (8] produced by stmules 100 Suppose now that
we increase very slowly the comparion sumulus 100, and
that when thit sttmulue reaches the value 110 or By it s
judged by the subject w0 be jux nolweably grester than
the other or standard sumawlus, wheeh eemaics, of course,
at yoo or R, The scosation value §; {on the wervical hoe)
worrmponding to stimalus 119 (Ra) will now eqoal the seosa-
tion 5, {corresponding to stittulus 100) plus aoe 38 d. ugit,
on Fechner's atcumption thar the j nd. may be taken s the
uwt of sensatron-change In Frgere 34 the yud, 1 taken
as & small and srbirery in¢rement which when added to 8,
gves 5y Now let un began with our cwo sumtuls, the sund-
ard end companson, both at the value 1o an the scale,
and merease the companson stmulus slowly mtil it is sgam
jurt notieably greater than the constant standard, sl ac
1. Thia pownt should be reached theoretically at 1
{110 4 1% ), #imte m the previcus tnal oo D L owax
found to be Yy (100 4 100,), The sentanon 5, corre-
sponding to stimulus rzt (R.) i 5, plus one jad, or 5
plus two z.ad's and accordigly the dutance 5, ploa twa
Frd unue in led off abeve sumulus 121 or B, The other
somuli in Figure 24, wiz., 7330 (R,), 1464 (R)), 16004
{R.), kave a1l baen caleulated 1n the same manner as 121
and 110; in cach case one tenth of the precsdmg stimulus
magnitude has been sdded on to the stimulus scale to give
& just norktable increase on the sentetion scale and to me-
cord with Weber's Law. The sennation value {verucal dis-
tance] corresponding to the stimulus an the base-line iz in
cvery instance equal to the $eosation afoused by the preced-
ing stimulus plos one ;= d. wnit.
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‘The stimul, the phyeical secies, in Figure 24 are increas-
ing 10 geowatsical progresnon a3 we go from 100 to 1é1oq,
while the the hical eeriey, are @ m
anthwtetic progrersont Wh:nn'u we have two senes which
correspond poant by point, the ooc increamng geamerrically,
the other anthmeucally, we know from tnathematics that
the relation betwesn the two vamables must be logarithmc
Heniee the sentation valoes (A P may he here t.hwshl of
at the loganithms of l.he-r g
(G P} The loganch T bﬂmnl
and en enthmetic sence may be su:npl‘y Ulustrared by the
common logarihems of 10 and 1 muluples. From soy table
of loganthme we find tha:

log 1noco =4
On the fefi-hasd aide the numbers increase by a conwant
maltple {10}, while on the rghr-hard ade the lopanthme
increaée by = coastant increment {1). The first senes o a
gesmetric, the second an anthmebie, progressen 3 we let
gur nembers represent sumuli and our logs represent ther
correaponding ¥emsations, we have the wtoation mctured
w Frgure 24 Now carefully that of che senpation vaipes
thould imerese e diwecr proporten to the wcrease o the
* & peomictre progremns (G P} n senm m whch each term [moept
the finet) 1 denved from the precedog oor by multphamg by 2 cooitant
wumbser oc rafin £, 4 32 (4 X 20, 96 (12 X 5), 108 (55 X 1) Tnthe
peweet chet W e 100, 119 (1oo X artio), e fvio X oorfrol, l” T
|[“ W oarfiol, rgfy (331 X rrfiah, 16104 (T4 M n!lo]
progracon {A PY # o serict m whach each term fexerpt the
hll i‘ldlnwdl!w\ﬂnwmdm by the addeaon of & cmstant sunber,
en 30 + 4101 (r b 4)os 1+ 4 19 (15 + 4) In Fapers 25
wrhave, 5 B fF 1 nd L R TR rad ) RS 1 ed],
Sl + rsadl K B+ 1 pud}
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stimull, rather than by equal seeps, we should have the
raprdly riving oblique Iine represested by the dots, instzad
of the more slowly rsing logarithmic curve shown 1 the

disgram.
The discovery of the Joparithmic rdationsh k
between stimuli sud ther seosauons enabled Fechner to

resuate. webe?l Law in mathematical terms as fellows
1 to the ] hme of thar er-
citing lmnull, or, ln the form of an equation,

S=Clg R

wheresn S 1n the sensaton, R the stimulus, and £ & con-
staat to be d d from the exp This v
iv geperally krown an the Weber-Fechner Law or sumply
ne Fochner's Law. The Emt two qeantibies, of course, are
varigbles, the thied, ©, 1 fixed for a goven series of sumull,
., weghts, hees, or bnghtoeases, but varies from gone
sense modality to ancther. ©' valuz depends partly npem
the senve modality, partly upon the precision of mesrure-
ment, and partly upoo the chofce of the zero point for sen-
sabon intenarcs.

Fechner's logarithmic Jaw is, to be sure, a0 exteowen and
midification of Weher's Law, but, i 12 ales much more than

thin, Weber's equation, d%i_ = €, aays nothiog whatever

abour sensation intensitie, it states mmply thar, lov o given
proportion of correct judgments (usually 75 per cent), the
ratio of the shmuli 3 constant, oo matter what the abscluts
magnitudes of the objects mmplrd Fu:hnm’u cquaunn, an
the other hand, exp betwesn
physical |t:m\||| and thetr pondi it

a relationship which Frchoer, at lenst, elizved to bold tros
wwer the whole range of perceptible stimmli.
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(3

As an expresson of the geocral law of the relatreity of all
judgments, or the dependetce of a change for ita value upon
the magmitode of the thing changed, Weber's Law eerves 1o
destnbe quite well many facte of everyday perczption.
Familur axamples (see sloo page 266) readdy come wo
mind: An iach 1 more perceptible when added to 2 man's
finger than when wdded to hus beght; a room lighted by
aa clextoc hight o scarcely brightoned at all by the sddi-
uen of % candle, but the brighinese of the same room, when
lLighted by a aagle candle, w markedly increassd by che ad-
ditwen of another candte, to hear 2 pu drop the room muet
be very guel; five pounds added to a baby's weght 5 2
mush greser werease than five pounds added 1o a man's
weight. Such dlustratons an these serve to show the peneral
soundneks of Weber's prinople, but there are distinct hou-
wioms @ the law which must be recograzed in Leyg 1o
cvaloate it In the st place, while Weber's Lew holds with
& farr degree of accuracy in the petcspuion of Lioear magni-
tudes fauch ax lines), in che perceprion of weights both by
paserve pressure en the sken and by sctive Litng, for in-
tensity of hights and sounds, and for judgment of duration
and movement, it does not hold for the perception of patch
differences. A peraon can peresive the same abeolute change
in pieck equally well whether the vibration race u changed
from 2 mandard uet at 200, 400, Gr Boo vibe, per second. Sec-
ondly, Weber's Law bolde only in the maddls ranmge of stuenu-
Jus incenmities, it breake down with very weak or very strong
stimuli, Expraed differsntly, the rati % remmina fairty
comstant for the middle range of stumub, but ncreases
markedly when the sfimub become wery stroog ot very
wrak Prohably the cxperiments which show this roost
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elearly are thore perforraed by Konig and Brodhyn in rase-
1EEg. Thewe i umng light varying
from very fasnc to very brght, found the B L or 1a.d. to be
u comstant [rection (017 to.018) of the Mimulun over & wide
range of mednem brnghtoceses. The differcace fimene were
comsiderably larger, however, for very fame and for very
iatears lghta, 88 may be seen from Kooig and Brodhoa's
data, part of which are reprodyeed m Table XV balow.

‘Tazre XVI

Tha w-wh arg piven n wn primirecy wen The rifsor gna the feacoun
whih the ﬁn awticable ddference w of it vmuler Lalter hane and

Brodhun) that from sbout 400 to 100,000 the G W ApPROEe
ualrly coGILAET
lax 1 g 4 4D I T 400 Lot
R EE N B uw Wi 0)F oy gap tar o
Stammlos - 10400 a0Dod 40000 LAOL0Y  dooo0 0%
Rawe ok 4':‘; ] Wm;- e oag ‘mu;a
These vari, 1n sad. are sttnbutable in some degrec

at least to adapravon and various shghe deturbanees. But
such fartors are oot suliceetly mflucotal, in 2 careful ex-
periment such as thie one, 1o account for che wade discrep
ancy in D L throughout the moge of intenmticy, and we are
forced o conclude thar Weber's Law does not hold geaer-
ally.

Doca Fechner's Law fate any berter than Webers as @
uruversal principle’ The answer in not cocouragrng, In che
first place, Fechuer's Law, like Weber's, doea oot hold for
pitch; and furthermore, Lke Weber's, it holds only for the
middle range of aumull, In the second place, Fechners two
mssumpiiona have not stood the teag of later expenment, oor
of gdverse criucim, Psythohgms have nor bcr_n s]ow ta
point our thar & largs i nat, peychalogi at
least, the sum of many clementary senpations, but i & new
experience, just ax water i ot umply the sum of axygen and
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hydrogen, buot » cisentially n new product Moreower, the
zad. in by oo mearn a fixed wait. The just nouceable dif-
ference between two lights or two tone intenaitiea, for 1m—
srance, will vary from one observer to another, and for the
mame observer from time to ttme. Theoretiwally, thers w oo
““urt noriceable difference,” $1oce ¢ven very amall differences
wil! cccamonally he recorded, while large differences will
sometirues oot be perceved The third objertica to the uni-
vernality of Fechner's Law 1 based vpon the difficuly of
ficiag defimitely the pownt of 2ero sensation. We Enow feom
nathemnatca that the logarithm of 1 zro Fechoer fitted
thae mto b formula, § = C log R, by asmgning the value 1
to that stimulus which arouses o just barely perceptble
{zero) sensstion Buc the eye, the ear, and the sk, unfor-
tunately, mprdly become adapted to faet Lights, f2int saynds,
and Taioe touchet; and this adapetion, plus fatigue, shght
duistractions, and lapees of attenteon, shift and dcory che
were pont of semsation Thus it would acem that the vari-
abily and nptability wnberent i the sensory reveprorn
themselves moet hmat the umiversality of Fechnar'a Law,

In spite of these theoretical objecuone to Fechoer's Law
and the hmutations in i range of applmablhty, 1t i unl‘,r
fair 1o 22y that the principle of 1
berwecn sturnulon chanpes and our pEreTphians of L'hca:
changes hat been lound cuceedingly useful in many pracrical
problems of phynics and enginecring. Several mnatances of
mich uee may be illestrated The relation of wimnal acury
10 the brightocts of the field hay been found w be log-
atithroe. 10 absolute acwwry (4] *50 the moprocal of the
amallest vieoal angle For which neighbaring cantrasted por-
tions of the field can be separated,” and 1f B 1 the brght-
nesy of the field, then A4 = ¢ + & log § {(Woodworth, 1008).
‘The comstants ¢ and k arc dependeat upoh the units em-
ployed, the character of the ficld, and the cyc meell. This
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equatioa fs sizply Fochne's Law, § = C log R. It holds fov
the middle range of intemgitien. In the field of bicphyscs,
Hecht (1929} has shown that in & certain vancty of dam
the relaticn berween the reciprocal of the clam’s laveny tme
of reaponee (eg, s reaction ume to hght) aod the inten-
wity of stimulation 19 logarthmic, for 3 coustent cxposore
time. If we let X = v/atent gime, and 7 == inteasicy, then
X =" log J, which agan 2 Fochoer's Law.

Eapenments in auditiom have shown that the rlation be-
tween “loudnen™ ap penned by the car and the phyucal inten-
sity (wibrauen amplitode] of the sounding bedy is loganth-
mic. Thus Fletcher {1929} 1o hin Speeck and Heorieg {page
53] givar the squatien a=log f, wherein a = loudness
mezgured in “bals” aed f s the physieal incensity of the
sound 10 miczowntts A bel equals ten decibels, the latter uait
being the smallest change m loudness which the sar can de-
tect. A decibel or “pempation unit® is thus dearly analogous
to the Fachoenzn jo 4, The decbel is the not most often
used by telephane engineen in this country.

From these illustratiens it would appear that Fechner's
Law is stull connderably alive, alibough ot is surely a lm-
ited principle racher than the umiveral law he conudered 1t
ta be. As far us psychelogy » copcerned, the preséat worh
of both Weber's Law and Fechner's Law would seem to ha
i the faee vhat they do subsume quantitatively a lerge groop
of facts withm the enddle range af stimulus inTensitics.

€3]

The imterpretation of Fechtier's Law Lns led to much dn-
cumion and many thearies, Fedum: h:nudf r!pnded ||.u
law, 5=Clog R, 28 ially a psy

ng the i 3 i relatiansh I::twen thcph-_uml
wrld and the meotal world. Sensaticos, or mental states, bhe
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aaid, do not change as rapudly as do their physical stimuli;
inatead they lag more and more bebind to give fnally the
legarsheme relatoorlup which we beve dseyensd above,
According to Fechoer's view, the fundemental relationship
between “body” and “mind™ s togarthmie,

Few peyehalogins hlv= agreed wath Fochnoer in this some-

what mystical T of b expen 1 dltl A far
more commeon cxpl has been 1n p logical terms,
The lag 'beween cumu]un .nnd aenmmn wluch Frchner
noted 11 dreq 16 a I lag be-

tween the excing l(lm\llui and the bodl]y eﬂm arcused by
it. Phymologists have foynd, for inpance, ia worhng with
llu]l\ed mascle groups, that a3 the stimull increase in
, the P also 1ocreade, but by rel-
atrvely “smaller and ymalter amouns Aa unalogout telaton
may well emst between chaogee 1n the external sfimolus wad
chaoges in senve-organ {plus nerve and brain) stimulation.
il ather explanations of the lag which appears between
atimulus 2nd body respomec have bero guven |n tecmt of
{1} bility of resp end {2} el
The firm up!anmon which was firat soggested ty Wood-
worth {1914), stresses the mcreane (o vanebiiy of & large
bodily responee over that of & emall one. With tha physeal
increans in the stimulos, be says, both the scosory stimuola-
tion and the body response involve more and more sensory
eleeents and muscle groups. The more of these elements in-
volved in & given reaponse, the greater the probable aver-
lapping with other responses, and che less dustinet cach be-
comes. Hence a large or mienee stimulize must needi be ia-
creased to a greater degree than o amall end weak cne in
order for the chinge to be percerved. This is cxenbally what
occurs in Weber's Law and Fochner's Law. The other ex-
planation, that in terme of relativity, was fimg advanced by
Wundt, and is & pursly puychological interpretation. ALl




280  Great Experiments in Paychology

judgmenss, Wunde says, are governed by the pencral pnn-
ciple of relativity: changes are estumated always o termy
of the thing which has been clunsad, and derive their 1m-
from oer of thus relation.
Scvecal lustrations of the general primeiple of relativity
have becn given on page z¥5. Relabwity of judgment serves
to descnbe what actuslly happen: m a sensible way, but it
doey not explain in any preciee fashion the mathematical re-
latonbips imphed in Weber's and Fechoer's Lawn.

(5

In previons sechiome we have scen that both Weber's Law
und Fechner's Law grew out of sn effert o generalize and
quantuly the relationship extng between stimulus
aod thar toretponding sensory chauges [n the study of
thie relatwoship, which Fechner called paychophyeics, two
chief questiens arise (1) What 15 the drart difference that
can be perceived hetween two grven sumuls, i, wha iy the
DL or dfference threshold? [2) What is the lsest amaount
of a grven sttnulus that wll just prodoce w sensatien at sl
(the abmaluce threshodd) ™ It i clear, of coores, that we
must first find our ﬂ‘lmhaﬂds—onr ;u,d J-—hefm we can

lize or bhah » of between
lumllll and sensavions. Herelolore we huve assumnd m:n]y
that D L's can be found without relling zzactly how thias is
done. We shall now consider the question of technique, or
the paychophyucal methods, as they are calied, which grew
out of the attempr w anewer there two quentions,

The hinery of the paychophyacal methods goes back to
Weber's experimental work on lifted weights in 829, bot
their origin and development i linked np chicfly with Foch-

" Tha seooud quston prows cart of the finvt and i comomnesd pardoularty
wich tha locutkn of the kovert bt of medwity m the ke oopen
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ner's work. Maay luter investigators have Introduced modi-
Geationn 1 the paychophpaical mathods unce Fechnar's time,
athong whom should be mentioned, at Yeast, Muller, Urban,
Fullerion and Cateell, and Jastrow. Theugh developed pri-
menly for the purpose of studying the peychophysical rela-
rionsknp, these methods lortunately have 2 much wider wie-
fulsess a2 prmml techmiques for the study of armty of

pereep or 7 of judg undet ygroar condi-
Hens.

There are, in general, three paychophysical methods: the
method of mmimal rhanpe, the method of conpant rtremedy,
und the mathod of anerage srror. Theee will be consdersd
in arder.

x. Ths Method of Mimmal Change, This method was de-
veloped fromm the cerier method of just noriceatde differences,
and w, we ity name oplie, concerned with determumng the
wmallest chapge n 3 given sumulus or between two stimuli
which can be just peroerved or senasd. It can best be made
clear by an dlustration. Let L be a standard hght ineecarty
{e.g., four, eght, or sixteen candle-power) which ilummates
equally the two gronnd-glasy wandows P and £ of & photo-
meter? {See Figure 45 ) In determumeng the just noticesble
differance i brightness or the threshold of penmbiliy, there
nre four steges. {1} We begin mith the two windows P and
& of cqual brghtness, and sewly wmereass the brightaess

“The phototoster I an RIGFIGENL Jor Meamnog an chacrver’s emi

uvny w0 chengs o dferences n Tyghe micnoty A gimple phatometer
{Waodwoah's modrl) much med m the bibortary coonts of & recuar-
wlae box comtammy » bght whoch w reflected equafly upan Twe small whte
wrfaces These surfaces are viewtd by che observer throngh twg groumd-
wlamt wanddownt 1o Lhe #ide of the bor Reavement af the lght-warce withit
ha b, miher 12 the lek or ko the nght, changst the relatire dllammatos
of the ves windowy, an the oor beczmes hiber, the oeber beromey dacker,
and e vema The themnce which the Teghe st be moved w order 1
make the difference m the dlumsnuun of the two windows Ui noticeakle
cau he read drom @ scale on the autwde of the box
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of { voril it it judged vo be jum percepribly brighter than P
Call thin point 4. {2) Next, wath § much brighter than P,
we decrmane the brightoess of @ (the vanble) undl it s
Judged to be of squal brghtoens with (ar not percepthly
different from) P. Call thie second determination 8. {3) As

Fue 15
Soun A Uano 1 T
A—Calimn s owd in wodymg the woouracy of eetmmaoon of vind
=T
B A photometer oltea used . meswnng boghtnes dectinmetes

L —Théne weipun Lo Gied m cxperamedts on wigthe ducromanation, o
1m acudss of the kinearherie wenan
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in {1) above, we begn again with the windows P and (0 of
the same brightaess, but this time we decreate (Fs brightaess
wery slowly uotil the ohaerver judges it w be jost lows brght
(darker) then P. This i poiot £ {4} Finally, fallowing (2)
abare, we begin with ) much darker than P and increase its
brightness until the two sumult are judged bo he squal. This
ia pane I Frem the average of these four points, A, B, C,
ard D, we can chtam the “general threshold® je, the
brightress-dhiference which in just <apable of beng pereeived.
Meedless to say, obeervations muat he repeated spam and
egan to isure rehable results

Table XVII Mlustrates the method of minimal change in
an cxpenment smilar to the one cotlined above, Note that
the ten trals taken onder the fonr different sem of cond-
uons have been averaped sepacately, and that they show
conaiderable varation the one from the geher, Tf we average
the four determinations, 4, B, £, and D, the msult, 43,
Fives the general thresbold, the aversge Just obecrvmble dif-
ference, or the average DL Thu value 13 a measure of the
cbacrvers keenncss of duiscrimination onder the given condi-
ticns. Other interesting compansons may be made. By aver-
aping £ and C, for metance, and then B and D, we can com-
pate the aecuracy of perception when the change i frem
equalicy to difference wah that when the change ia from dif-
ference toward equality. Whee we do this, it is evident that
fudgment was more accucate when the difference berween the
standard 20d the companson was decrsanxg thee when it

was # i, The upper thrashold iz,“':'B

, 10 deter-

mined frora thede pettings jo which the comparison stimulu
it brighier than the atandard; and the lower threshold, ic.,

"_':'—D, in detzrmined fram thoue vettings in which the com-
parison in derker than the standard, It i clear from Table
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XVII that the opper threshold way considerably -;ualler
than the lower thresheld, and bence al b
8 was more accurace under the fimt wet of conditions

than under the second.

Tamx XVII

DereresinaTion oF THE Just Momicraare DirrEsence 1n
Lecur Ixreserry av vue AMeracn or Moinuas Caaxce

The standard was a four candle-power larmp, and ten trials
wrere taken st each of four stage. 1o onc hall of the towls,
st each stage Lhe standacd was oo the rght, aud . cme hald,
on the lef {(Data sdapted with some chaoges from the
onpnel by the woter }

Average
() F ! wd, e, th e
m equahity upward, 12, the mmpanson
stumudy u'becnmesl:lgher . 46
(B} Towerd equalucy dowsward, 1 e, the cumiun-
sum smhes bewomes darker 27
[C) From equahty downward, 1 e, wmp-mm be
eomiey dacker 56
(D] Taward equa]ﬂy upward Ley cmplﬁm b
comes brghter . 3%
Generai threshald (;{-{-_B-:(‘+_D} L. fa
Average mereasng difference %—-C) P 4
Averege decreasing difference &d‘;—m- ..... a3
Uppee threhaig EHBL 17
Lawer shrestaid EEB g

2. The Mathod of Comreant Stimudi Like the method of
mirureal change, this method wat wlso develeped from an
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eaclier method, the matkod of right end wrong carer, Though
it may be employsd with other stumah, ak for example, Laear
extents (Loce), this method has most often been used 1o
meavure wctual and kinesthenc seasithiaty through the Lift
mg of woghts, and henee we shall illustrate wih hited
weights dats. [See Figure #5.) Suppose that we have selected
a sandard weaght of 100 gram, and companson weghts of
88, ga, of, 10y, 108, and 11z grama The problem 1 the de-
termination of the smeount by which the 10o-gram standard
must be increased or decreaned for the change to be just ob-
servable. Innead of changing tbe standard by small emounts,
bowever, we compare it over and over again, firgt wath the
bghter and then with the heavier weights, noting 10 each case
the number of correct judgmentt. Judgracnts may be =
corded a8 heavier, at Lghter, or a6 equal To allustrate, 1o
comparing 100 goama and 1o gramy, the judgment “hegvier”
mught be grven B per cent of the tme, “oqual” 1z per cent,
end “leghter™ B per cent of the ime, and eoch results s there
will be secured wath each weight pmr, 100-88, 100-10y, 100~
112, and 8o oo When there are an squal aumber of heavier
nad hghter compenson stimuh, the standard woght I -
ally fited fiesr and che compartsan weighc second, che
judgment of hewwier, hghter, or equal cxpressing the sub-
pect’s opiem of the relatom between the warable (the
uscond) weght and the standard fthe first) wopht. That
weight above 100 gnlma which gives just 5o per cear
“heavrer™ jud, the upper threshold, or the
Just percepiibly heavier difference; while that wc\ght below
100 grams which gives just 5o per cent “hghter” judgments
determines the lower thrashold, or the just perceptibly
highter difference. The average of these two values is the
general threvhold, or the average difierence Lmen It m gel-
dom that s woght difference will be found mxpenmentally
which gives cxactly §0 per ctot “heavier” or 5o per ceot
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“lighter” judgments, so that mesrpolation iv ozady slways
necetsazy. The vwo go per cemt points may be determined
fwirly accurately from graphs, end somewhat more preascly
ifrom I e fow pol berween p pen ety
aly found.

The procedure for the method of conktan: stifmulr sbove
outlined 18 the clder, or clasmucal, form 1o which the merhod
wai developed by Fechner, Muller, and Urbaa It 13 an atcu-
rate and precise method when used wech bighly rramned sub-
jecus, bur with thoae leas wrell tramed 5t i open to copder—
able objertion, becauae of the allewance of equal judgments.
We have no way of coatrolhng the pumber of judgmenye
whuch 2 sobject will call “equal,” and beee, of he in extremely
cantioul, & large part of b dawa wall be eo clensifted, and
bence ot direetly usable,

In 18¢6 Fullerton and Cattell showed m o sorics of cxpen-
ments that i & subject will guess when iachined o sy equal,
he & more often nght than wroag, as there w neeally preseny
some slight basis for @ judgment, although 1t may be too
amall o bz very convineng, These iwvestigawors sizaplified
the method of congtant sumub, permitung onlfy oo judg-
mpats—"beavier’ ar "lighter.” They made it up, 1 & w«oee,
to the subject for thus forcing hin jodgment by allowing
him to qualify each judgment by & degree of confidence,
“gure,” *lairly sure,” “a guees.” In tha simpler lome of the
method of conetaat snmub, that weght difference which
gives 75 per cent “beavier” judgments determnes the upper
threshold, while that gaving 75 per cent “lighter” judgments
fizes the lowsr chreahold, Of courss, the 75 per cent threthold
is arbitrary, but it is, perhaps, the moat reascoable value,
mnce it fics sudway betwzen 50 per ceot [chance} and oo
per cent (cortainty) (see pagn 16g). The sverage of the upper
and lower thresholde gives the general threshold, or average
D L. This DL, it will be neted, cannor property be called
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& r.ad. oolen we anume that the diference which in per-
ceived correctly in 7§ per cent of the trale is in fect Just
noticesble. Ay this iv a very questionable assumption wt bett,
it b more aecurate to call such 1 DL the 75 per eemt
threaheld *

Cerain data selected from an experiment on weight-luft-
mg (Garrert, 1992} are gven in Table XVTIL to dlustrate
the method of cometant stomult 1o s empler form, Swece
300 compatisons were made of each waighe-pair, g, 100-06,
100112, and so on, the prreentagen of correct judgments ate
gaite reliably devermined. From the table it it soen nt once
that the [ower threshold [n ighe grams, sizee the compari~
mon 100-G2 gave esactly 5 per cene correst judgmente, Un-
fortunately the upper threshold cannoe be obraned so read-
dy. It o elear, howsyer, that it must lic between four and
eight grazw, mace the weight-par 100-r1o4 gave 66 per cent
eorrect judgtents and the pair roc-1of, B3 per cent tor-
et judgments, The value mest hkely w gve 75 per cent
eorrsct would seem by wmple proportion o lie apprommately
&t 106 grame, half-way between 104 and 108, Tha 75 per
cent pomt can be more accurately determned from tables
prepared for the purpete or by graphuwcal methods, I we put
the lower threshald at eighe grame sod the upper thresheld
at six grams, the general threshold 16 the anthmetic mean
of these two valucs, o seven grama. Thik indicates that, on
the sverage and 1 faaay trials, the difference between 100
gramu and 167 or 100 grams and g3 theuld be coneetly per-
ceved y5 per cent of the wme. In arder ta verify Weber™s
Law for thete deta, it would be oecessaty o show that for o
standard of 200 yrams, the 75 per cent threahold 1w fourtaen
grams; for 8 standard of yoo grams, it is chirtyfive grams;
und 30 op. That ia, the B L in each case must be » constant
fraction of the swundard stimulus.
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Dnuscemaorarmen o Lirreo Woonms - Meraco or Consrast
T
The combined records dor wiz chaervers, tach of whom
made ﬂh}' womparitont of each weight-pair, givieg Joo com-
o each parr and 1,800 for al

prnanes nx weight-prurs,
egs 4 b et
S COMPATE: ¥
ﬂ‘(r:m-skim. - P e [:FE3
Tio
563
&ia
. Bga
100-113 .. .- %y
Lewer dlm:‘mld E?s‘,.-’-) .... Bgme
Upper thrasheld {75%} . .. Bgme. (approx)
General threabold ... ... ... 7 Reon P

§. The Mathod of dverage Error. Thiz method w bared
an the that of juﬂ ble dil-
ferencen are L of b er-
oo, e, of the hrutetione or obtuscoess of the auhject's
sennory @n0d merrowr methansm. Ordinenly a subject 1
pven & bxed wandard mimuloy and s adjustable or vari-
able nne which he s anstrueted te make equal to the standard,
The amanat by which the obacever mitres thie standard is 2
mennure of ks “erruc of cheervaton.™

We may illusrate tha method with the Galton bar, whick
is often need in the af just hle dif-
ferences between linear magmitudes ‘The Calton bar con-
matd of a steip of dar enameled wood sbogt 2.5 centimetsmi
i heaght wnd 100 centimeters in Jength. It i divaded o the
center by o wmall wedge, and on the ceverse side containe
u grodusted scale, by which the length of cach half can be
mentured. Twu aliding deeves of metal permit varyiog dis-
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tancet to be sot off from the center or o-point. The whale
epparatis 12 mounted ageinat a black background. (Bee Fip
ure 25.) Now seppese i atandard leogth of twenty cenp-
mecers (0 be 1et off on the right-hand half of the bar and the
sabject to be inttructed to adjust the shide on the lefi-band
half from a muoch gmaller rstnog than twenty centrmecess
up to apparent equality with thiv scandard Tweaty tnals at
leant sbould be made, end the aversge amount of error
or und } calcalated. A accond

acnies of triale 13 chen taken from a toodarge seung (greater
than twenty <entmecters) down to cquality wath the stand-
ard, and the average crror sgun found. The whole proced-
ure must be repeated with the standurd set off oo the jeit
und the variable on the right half of the bar The amount
of vanation or fluctuatton m the subjoct’s setbogs, the
amount by which he misses the standard, pves o meature of
s averags error, "]'I!e t:nd:m:y af the subject repeatedly o
the fard 13 called hw

COMFLARE STTOF.

Table XIX illustraras the method of average croor with
data for eighiy tnals on the Galton bar, the standacd lepgth
beibg twenty centimeicrs. Note that one half of the trals
were taken with (he srandard on the fght and one balf wath
the standard on the izft to avord any “place error” Kach
st of forty trials 15 equally dresded between settings from
to amall end too lgrge; v, one batl of the time the vanable
wae gct shorer and ooe half of the time longer than the
tweney-cenumeter gtandard. The aveeage of all sighty trals
18 1905 centimetem, which mdicates o conrtant ¢rror of 95
contimeter [20--1995). Thy ¢ the amount by which, on
the wverape, the ohuerver fell short of the standard, or the
amoynt by which he oosrerimated hi settnge. The cxtent
ta which the chicrver, on the average, missed the stradard
is given by hin sverage error of 1 04 contimesan. To calealate
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the AE (average error), we sum op all of the deviations
made in the aghty tsinls from the twenty-centimeter stand-
ard and divide by the number of rrais. The calculation of
the A E is not shown in the table, but can samiy be made
from the original data. To verify Weber's Law, the AE
found for 2 ten-tentimeter standavd should be goe half =i
large a5 the A E for our twenty-cenumeter standard.

When the obterver made bie sectings from the too-small
positron [average 18 6], he fell shom of the wandard 1o a
greater degree than when he made e zdjustments from a
toa-large postion [average 19 5). Obvicutly m both ceacs be
overciumated his serongs, however, sinee both averages nre
less 1han the twenty-cenumersr mandard,

Tame XIX
Dara ron Ercarr Tazais on Tas Gavrox Ban, Fourvy wiTe
Stavoany on TE LErr asp Fomrr were
StanpAND OB THE Ricur
{Adapted by wnter with several ymall changes.)

Stondoerd lefi—forey md.r Srawdard night—forry Mab

From too small . . 185 From too wmall..... 1!7
From too lacge..... 192 From too large..... 19.8
Geoeral average ... 1905
Aw {iram_ too-
mall settings) - 1B6

Awnse (irom too- Copatant serat, .. -]

lazge wettings). g Average error .. T4

{6y

The sealyation of Fnclmm’n work in not an id tnk
Mlny and vanous opicions have been
it, from the eothusiastie commendation of Tit.l:henlr, who
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regarded Fechoer as the father of ments] measurement, o
the caustic remacke of William James,” who wrote: “Fech-
ter's book wae the etarting poine of a now department of lit-
srpturs, which it wagld be perhaps impoteible to mateh far
quahtes of thoroughness and subtlety, but of which, in the
humble opiion of the prerent wrrer, the proper prychalogr-
cal cutcorne in just sorfng.” As o ubually the case, the truth
in agrmewhere beqwesn thete two rather extreme vizwn, but
the judement of time toclines toward Ticheners rather
thaa James's view,

T musy be remembered—uwo rake the neganve side ime—
thar much of Fecboer's peychophysics has not s100d the test
of later research Fle concept of a large sensencm e the
sum of many smaller yemeavons, as well av his aden that
145 are cqual all over the sale of ntenstes, heve bath
been prevey definicaly rejected by present-day paychologan
Alws his paychophysical law, an we saw, bar been found to
hare n decdedly hmlwd mmad of ar be thought 2 uo-
venial appl 1w b gly evident that
modern paychology i lnu:mmd more tn the larger sapeces
af behavior than m the srudy of sersation and small sentory
changee. The development of mental zesus with their am-
phasia upen indwidual differences has, oo doubt, bad moech
to do with tus ehift o mentamn, while bdla\rlcmm. mﬁ\
ita cmphase upan the of the
haa p!aynd @ nat udstnporant rdle. The pmen:—dny pey-

1 1o the paychophysical methods an tnols
to'beuandmr.hcmdyol cblems invet g the d
tion of sensory scuity, sensary efficiency, and the accuracy
and precision of Or he may be i 1 in the
p itslity of ad pung these technigoes mare doroetly o prob-
lems of menta! measurement. Rarely = ba interssted in

* Priwrrples of Payehelogy (18ga), v 1, p 1ae.
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Weber's or Fechoee’s principler ak such, or in the messgre-
ment of the stimylu-sensation relation, To Dlustrate con-
cretely, o r1a B, L Thoradike devised ks Handwriting
Scule, the firmt seale for the measurement of an educational
product, procecding on the supposition that uqul]!y often
neticed diffy between mpec of h ate
equal. According 1o thie prinople, o the dif botween
handwrung apecimens 4 and B iz noted by competent
judges as often 10 the diffarsnce betwrean specmens X and 1,
then the diferance between & and B a, 1o offect, oqual 1o
the difference betwzen X and ¥, Thormdike's asstmption,
as well an bas techmique, are derect cutgrowths from the pay-
chophysical methods. More recently, Thumstone (1627) has
adapted and extended the pychophyiical concepts oa the
theoretical side and has apphied them to the problem of
soulc-making and o the study of arimudes and prefer-

BOCES.

Despite the modern trends away fram Fechner's paycho-
physics, therefore, and the hmitanons of bis law, se one reads
through the expermental work in peychology sinee Fechuer's
time, and since Jomer's, too, he caonot help but be im-
pressed with the very large influence cxerted by paycho-
physics and the paychophyscal metheds Fechner's work
el |mpununl because it uhuwud cundualvdy thet problems
n can be subjected ta metheds and

Y OFY

are to Sxact h 1 The far-
reaching redult of this peint of view it sccn to-day in the
rapid development of mental tests, of cducational and
achievernent tests and scales, and in the widespread uee of
statitical methods i the study of bumaa problema. 1o short,
it u probably mot too much to say that, begroning with
Fechoer, piychology ceased to be 2 branch of philesophy
wnd brgun to be an cxpermental scicnce.
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Suggested Readings

1. An interesting mccount of Feochner and b work ia
goven 1o G Mu hy‘s Hutorea! Introduction to Mod-
mP:yf ?, i‘ Chapter ¢, see alio E G Bor-

‘s A Hutory of Expenmental Prychology (192},
apter 11

. 'Fnrp:cdur discussion of the vanicus peychophysical
methods, see C. 5. Myens's Expmmnfyi’ryrhﬂo;y
{19:5} Revised Edipon, Part I, Chapter XV

3. An unteresting interpretation of the Waber-Fechper Law

m ters of varabiley can be.lonnd m th: amrle an

by R. 5.
ﬁﬂnmﬁu of James MeKeer Canell, Ardnvu of Ps;h
cholagy {1014), 36

B




Chapter 13

EXFERIMENTAL STUDIES IN THE VISUAL PER-
CEFTION OF DISTANCE AND DEPTH

{n}

N the histary of expenimente! prychology, po topic has
cxcited mere roicarch aad led o more discussion than
that of how we percerve or come to know the posstions and
relations of objects i space The reasoms for thiy interest
are furdy chweun. Noo enly do cur tenes wmpremions ob-
tained from the environment lie at the basin of all menral
activity, but i wddition there in the enormous practical
importance of such data for everyday cxistence. The two
sensce best fitted for the perceprion of cbjeits i space are
touch and vision, since both the slun and the reooe are
spread out apanally in twn dimenwane. OF thess two, vision
it exsily the more impartane, Seang and hearing, in Diet, are
usually called the “hugher™ scaser 10 contrant to Lastiog ad
smelling, the “lower’ senecs. Thin differenbation 1w due oot
so mech to the greater complexity of cye aod zar, but o
the immepae value of the secse dara derived from them. A
mag wha loses bis senee of e or emell 5 hangdicapped, o
be wore, bur such a loas in not comparable to lom of zight
‘The immediste stimuli to visusl peroeprion s light-rays
reflecyed from objects upon the two retinas (the ionez wor-
faces of the eyes) by way of the aperture called the pupl
Figurs 26 gives & simple schematic represotausn of how this
occure. The retma in u alightly concave surface in two dimen-
asicne, length and width, sad yet, se we all know, our per-
e
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cepticnn of disiance, deprh, and motion ace given in thres
dimensigns, How, we may aab, it thw posmble? And why
aver’t the ohjscw of our expenence—houses, trees, and
people—spread out belore v as thoogh pimned upon a large
dut board plrllH te out reticas? Tha haw been 2 much
debated questton in prychology, and much of the exper-
mental dats on t]u: aub]ect Eoe back 10 the researches of
the great Garman won Helmholes {1821-
1894}, Beade elshorace studien in the physclogy of the
eye and on the physical facts of optios, Helwholz accumu-

How Tae Dacx or am Owjeer 43 s Fecvuss ox 7mn Raoiwa

lated many dags of direct paychological interest opos the
question of space pereeption. o o jargely upoa wuch data
thar the emparical theory of spare peresption  based. This
theory belds that cor knowledge of distance and depth i
socored Jurgely, of oot courcly, through the mumat co-
opersticn snd chack-up of vinon, toach, snd iocomarion. The
nativistic theory, oo the cther band, cxplains fect in thres
dimensions as natively given and unlesrned Masy data e
ba marshaied 1o support each of theae theones. Probably
moat paychologivty wday are inclined te accept the empiri-
cat view with the roservation that there must be a2 subaran-
4l Mranzewsrk to vienal perception which is natively given,
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[}]
The ¥ iom of the rafl by Wh
in 183) persieved a direct upcnmr.ntll amr.k upen the
preblem of kow we e ob]e:u m three dlmmﬂum Wheat-
ntanc’s waln Ly sccurats i
bur somewhat dJumey aed impracticable for ordimary lmrk
For thir teason it bat been peaerslly duplaced by the

P Femeil Fen Pereil

L I3
Fun a2y
SrapsecoHt Sus Daawn 70 Gox Pocarrow or Comaso

fractrog stercoscope inyented by Dovid Brewster somewhac
Iater {circa TE43). Essentially the sgerecscope A an optical
snttroment by meanz of which rwa pline pierures may be
presented, the one 10 the nghr eye and the other to the loft,
to give a mngls fosed picture in three dimangione This some-
what stribing result fcllows from the facts thet men in 2
two-cyed mnimal mnd that hir eyes arc separated spatizlly,
%0 that when they nre focuted upon 2 common object, each
wicwn it from a shightly different pestion. In other words, twvo
pretarey pre peceired in bisocular vion, zod it fs largely the
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fution of there two which gives us our visua] peresptiva of
three dimensions. Simple mrtompw effects, 1., without
may be obtained 1o the ol waoldl

pen and & penul atraight out in fromt of the face, abaut one
Ioat away, eed 4 Utde to the left of an vosgmary line pass-
iug through the nose. Now mave the penerl shightly to the
right of the pen and shout twa inckes away from the face
Close the zight ¢ye and draw oo a sheet of paper the two
objects a8 they appear wo the left (open) eye Now close the
ledt eyc and draw the two objects as they appear to the nght
eye. It will be sufficent to represent the two cbjerts mmply
by struight hnes. Your pecture shonld now look like Figure
27, m which the wogle-tuited atrow represcots the poo wad
1he double-tulted arrow the pencl. Be sure sod sepantre cthe
eft-eye and nght-cye pictures by shant two and 3 half
wehes in your drawing. Now hold the completed pictore qut
twelve to eightecn inches m front of che face. Focus the
«yen ak though you were locking at a far-custant point, and
keeping thae fixation aeadsly, move the figure m slowly
voo] the right-hand and lefe-band pictures Fuse, and there
m ooly ane pro and one penail. When this occurs, the pea
will scem nearer than the pencil A simple explansten of th
imeresting phenomenon Len in the fact that the dwtanes be
tweer, the lefy and nghr peocils iz greatar than the dis-
tance between Lhe left and right pene (thes can casily be veri=
fied from yeur picture). Hencz, the eyer musc cooverge
mere frem the parallel ponooe ta make the pers combioe
than the pencls. The greater the convergence, the nearer
the object, and &0 we soc the pen a¢ peatsr to us thaa the
peaeil It is a coromoa cxperisnce that near objecta require
greater copvergence to be bronght to @ focus than far ob-
Jectn;, aad so convergence 1 & dirsct cus to relative distagces
In Figure 28, the principle upon which the refracting
warks is Iy, The picture
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seen by the left eye in placed at f, and the picrure veen by
the right eye at B. Cwing to the refraction of the light-rayy
by the prums P and £7, the two pictures arc combined by
the o eyer £ and E" and seen e a single Toacd image at
X, Thn impresecn of distance and depth got from pactures

Ly in bingly regl. In taking pu-
tores for ordipary stereoserpic werk, the camers fing takes

A
+ / \\ 8
7 \
;} b
i \\
Ry A
| i
X B
Fia =4

Tax Purtoris or rue Remwnipe Sreaoscore (Bueweras’s Mosss)

Ths priure for the lefr eye m pleced ot &, Uhat for the oghy eys 0t B
Mnmldmhmambrlbemnp und * prre w wngls Sused
moape at X,

the right-cyr pictors; then it is oroved aboyt threx inches to
the Icft to take the lefi-tye picture, Two mad ooc-helf 1o
three jaches u sppreximarely the interocular distance. Be-
cause gf this scparatwn, cach eye, 33 we bave sad, semd
arpurd different mdm of the objecre, the right eye around
the sight, the left cye around the leit, end in this way cocs
1o distance mod deprh are sesured TE two pictares are taken,
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upnnmdhymmrhuthmmd:el—bymum For ez

aking and often lud: results will b obtaed
whe.n they are eombined svarecscoprally. On sueh g alide
we see ohjecwe as we would sct them f our cyper were § Toot
apare. Seeing arcund comers, thereiore, becomes highly er-
aggeraced, snd ohjesa and people are steetched out m amus-
g propartuioms

Fm 2y
Barwirin's e Sroxtoesors

An illustration of the ordivary Brewster stereoscope in
shown 1 Figure 2g. The hood serven to exclude from che
cye pearly &l of the light which doct oot come dureerly
thiough the prums. The partction betwast the o prisme
restricts cach pactuec to the eye for which it iy intended;
while the sxtention fide permits sdjutment for eves of

differeat focal leogths,
> Thehraar'y Syecseope Sldes (Scoeltingt, hm-dmz n s,
wnduds wotrd i which v mtecoooler dwtance = much mcteesed
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The part played by che aghreye and lefr-oye imeges in
determining cur perteptivns of objests in thixe dmennons
it even tacte strekingly dhown by the pacudoacope than by
the sterecacope In the pacodoscope, the pictures belonging
to the nght and left eyes are transpoaed, 2o that the nghe
eye tees the leflt aye’s picture, and vice versa The oet re-
snlt of thin is a complets reversal of perspective o the fused
picture, pear things seem far, and far tiongs sesm near. Go
back for 2 mament to Fuguree 27 If thus shde 15 cat verneally
inte two cqual pents and the pars trunsposed, the pened
pictursk woll now be cloger wogether than the pen pactures,
Hence, when the right and Ieft pictors ere combined, more
convergence M required 1o combine the pencls thaa the
pens, and accordingly the penol s ,ndged to be nearer. In
vimple line d and Egures, p
wifects {reverml of perapective) can usually be secured read-
ily encugh, erther by tramepomng the rght-eye and Left-eya
pictures, or by imverting the whele shde. With actual scenes,
howerer, landscaper, objects, and pecple, for example, it is
extremely diffieult to get prevdoscopic effecty when the seault
would be meaningless, ar contrary to expericnce. Few prople,
for inwtance, bave cver seen & human fece precdoscopically,
i.e., comeave, ax the “central” or aswociative facs of exped-
ence are too streng The required reversal of lifetime babits
in oot readily achieved.

3}

'There are a number of factore upen which cor percep-
tions of three dimensions depend betrden thin matter of the
fusion of left-eye and nsht-eye pmru 'T'hm :mznl may
be divided I and p
eal. Under phyllolomul fln.uu should be mr;'lurlnd eun-

lar srrnio on the eye muscles,

lnrl duul:ln images
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x, Compergemce, Tt i & fawiliar fact that objects neat nt
hund requirs greater canvergence of the oo eyes in arder
to focus upon them dun objects snue dwtance wway. Theae
senrations of atrun ferush cuss to dwtance, Convergence,
bowever, b not of much valuc except 1o the percephion of
chiects fairdy close at hand When the eyss are fecused on
vhjctts thitty fect or more away, the loes of mght are
praccicalty paraliel, and convergence s no longer @ real
fartor.

2. Aecommodation o distance i efftcted by the cye
through changes in the cryamtailing jeny. "The lens 14 a translo-
cent prume-Lke structure whith Liés behind the pupd and be-
1wezn it and the retina. Light-rays commg through the pupil
are refracted by the len, and focused upon the reuna. When
» photographer warts to adjost bus camers for dinance, he
Yengthens or shortend the distance between the lena and the
sereen, T‘he e)rn, on r.he other hnn:l, ad;nm 1o distancen by

the th power) of
the lens. Thll pull, or relemse, of the muscles comtrulling the
Yens for diferenc degrees of accommodecion supplies ma with
ather cues to distance and depth. Bur mince far abjecs ze-
quire Lttle accommodation, this factor, like convergence,
lioited maialy 1o objects close by,

3. Murcalar rirgin on the eye muscles Eack eye f moved
by bz Ittle muscers arranged in paink When we compare
the length of vwo hines, or groge the width of a dich or
creek ar the height of 2 buflding, the degree of streen o
the cye mokcler 8 n valuable factor in deterruning oar
judgment of distance,

¢ Double Iwages. The duul:lmg—o{mgu factor s of
espocial paychologioal interest because it is 30 seldom noticed
in wreryday life. In fact, Helmheltz has remarked that the
existence of double imagen “remaine uokoown o tany
people even in adule kic.” Their exittence may rexdily be
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shown, bowever, in the following eimple way. Focur ¢n a
point on the oppowite wall some ten to fificen feet wway,
and 1hen (holding this fxation) bnog & peocil op directly
‘befora the epen and about twelve focher wwsy. Thr pencil
will apprar doxobl lest yoor foeus Mip d Figure
30 shows why this is trus, When you fotus upon F the peo
al images wnce they fall ypon nem-correspandiog tennal

Fm @
Tan Dvuwaas or “Muazx™ Owszcrs in Fan Foman
When the mrm ar Jocusd it F, 1be peocd 5t & @ soen m bwo peocile

pomts [(poiote whith do ot give single viwon} appesr ay
two peocle st P oand P in the plane of Rxaton. Tf you clos=
the left eye, the pencil image {tcen now by the right cye)
is om the left wide; and if you doss the right cye, the pencil
imege {scen by the [cft eye} i on the mght fide. That w,
the imeger arc crosked, and hence cromed images alwayw
mesz an ohject pearer than the Saation poimt. IF the focus
is upon the near ohject, it is the far cbject that doubles, as
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you can resdily demcnstrate by focunng npan your pencd
(twelye inchey away) and doubling & picture on the wall i
the ame line of vison, In this case the doubled imapey are
not crossed, ae Frgure 31 shows, and hence uncrossed images
always mean ag vbject further away than the franon poinc

,’; === Pauie

I
FA)

L 3
Fre 3t
Twe Devaune o “Fap” Daybers o Nvaw Pryamor

When the eyes om foousd wo ¥, the pacture {oc wther obypea) ar F
'nlmdmhkll?lnlﬁ.mlhc:\hmm

W
More important, perhapes, than the physiclogical factors
in space perception are the socalled peycholopical factore.
These depend upon learming and are the result of everyday
conracts with near and far objects. Among such wfluences
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we may mention superposition, clearness of outline (agrial
perapective), shade and shadows, rolative movement, mod
wze of image oo the retios.

7. Saperparinon. Thin factor is of valoe in relative dis-
tatce judgments. When a tree, for instance, partielly ob-
arcucts cor view of 3 booss, the immediate inference is that
the tret stands berween us and the house, and hence most
be neprer,

2. Clearmesr of outlns generally means nearness; dimness
and blurring, distance. On a very clear day we are often
antonished by the spparent nearnees of distant cbjects,
while individuals sccustomed to fog aod an obecured rky
are often completely misled by divcancer 1 2 high alutude
where rain is almost u

3 Dhifferencer \a hgknxg, skadowr and rhode, nrc capc-
cially valuable cues o the percepuion of depth. Brighly
bghted objects . the visual field arc generalty bigher than
those dialy Bphied, since Light usvally comes from above;
agun, on 3 plane surface depresmons or concavites are
darker, while protrusions or coovexroes are brighter. Ar-
tists depend to a contrderable degree upon light and shade to
represent distances and depth. Agam, oear objetts wetim
“idewn” i the foraground, and far objests “up® closer o the
horizon, and thess facts are regularty emplayed in pictures
e give the propet pempective

4 Relatwwe movemen: in dearly an important factar in
upace perceprion Objcte move toward un and away frem o,
before and behind other objects, and in thi way give un
cuct 2k to relative position aod reletive distance We are all
familiar with the fact chat when we are moviag, on a traim
for ingtance, far obyects move along with us and near chjects
in the direction eppaaile to our movement. Figure 1z shows
in a wmple way how thin happens. As the gbserver mover
from poartion 1 ta 2 wnd then to §, & (the near chject) moves
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from 3 to 2 0 & in the reverse dirertion, while F {the far
ohject) apparcotly moves along with the cheerver,

5 Sive of Retinal fmage. From Frgure 26 it 1 obwicus
that at the same duwtance from the eye » large chject wll
subtend a greater wraual angis then a small chiect, and that
the reunal imegs mill vary proportionally. Also 1t 1 clear
tht the farther away an objest v from the aye, the
wmaller its retinal images will be, Retwal smages, then, fur-
nish velnable data an tp distance and siee, provided, of

Oby

Fu 1

Tracxax o Duopmmatt max Areosar Mmml o Nus ano Fax
\v\'mu Ton Oraghves, Tt oo Mommr

An ohwerver moves from 1—%1—s, mwr abreee (M) rapitly Rl
farber aod Tartber b bqhmd u fat ebyec '?:’J. the far bz heme on rhe
mmti lang I‘Il:.ﬂkm oear at pootion 1 o cmpequence of the relatnvely
much greater it movement of N, F b imerproved wa movmg akmg
wuth the ohguv; ™ o * e

courst, the actual dimenswons of some of the phywical objects
are known through other means. The man » block away takes
up oo more retnal space 1 your eyes thae the ink-botele on
your desk, but the two objects are meerpreved o being at
differene distances from the eyer and not as bewng of the
mame size, Since the retinal images vary both for nze and dis-
tance, W factor is a rather dobious cue unless supplomented
by other semie data.
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14

IF reference in made agan to Figure a8, it will be noted
that, with reference to the phymcal object, the retnad image
13 mverted. Thie saversan 15 due, of course, to the refractive
mechaonm of the lens How is it that we ter abyecrs nighs
wde up when theiwr retinal images are upside down? This
question, which has often been proposed 2 & philosophacal
erigma, 15 puzzlmg only 1f we lal to appreciate propedy the
coormous rile of experience and Eearnmg in perception
What we sre, of course, ie oot the 1nverted retmal imege, but
the object i the field from which light-rays are roflecred.
The image on the retina ic amply punt of the total physo-
logical process mnvolved in getting the perception; we ate no
toore conscsout of it than of the semsory smpulse traverang
the optic nerve. )t munr be remembered, too, that the retal
wmage 1 spatiafly correst wath veference to 1te various pams,
even though inverted, ac that objects are perceived o therr
right relations. Up-ness and down-ness, right and left, what
wr ke znd how we see i, depend g all of the lacrors
which we hava iomed plua hondreds of iated tectaal
and muoscular expeneoces and contacts. We sée things, feel
thern, fall over aad walk o them, m thin way comng o
koow them,

An dingl 3 carried out by
Stratton (1897) har a direct burmg upon thik question of
the relaven of retinal images vo cur parceptions of epace
Strutten fantened hefore hoa right eye 2 tobe contaimng two
convex lenves. This snacrument, of course, gave a revnal sm-
age which wan nght wde up, and hence an ioversion of
cbjects mppearcd in the vienef fidd. The lefr ey wan cov-
ered ever by a hood which excluded light, but allowed free
ocular movements. Over a perind of cight daya {a tota! of
eiphty-seven hour), Seratton wore this mstrument, chierving
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carcfolly meanwhile soy changes and new errangements in
the visng] field To prevent as far az poanble cooflcr be-
tween the new and the old (normal) percephons, ar mghi
when. the strument was removed, the cyes were carchully
bandaged. Qo the Giret day, as mighe have bean prechicted,
everything was topsy-turry; thinge oo the night wers reachad
for on the left and :hmgu Iying oo the Boor r=a:l|=d {or
toward the ceiling. thie

abated, untll by the eod of the third day Lde m left of
whe nervous steain so clexry apparent at ficst, By the eighth
day the confumon o the wmal field had almest entirsly din-
appeared, things eould be reached for in thar correct posi-
vgus, 4nd wbjects appeared noveal {right side up) agwn.
Birateen notes, however, that even then there were often
sudden shps or wmversions, which, however, cauld usnally ba
correcred by reaching lor the object or meving woward
Thie expenmeng it valuable wn shownng that the retinal im-
2gz, although abeolutely pecestary, of coune, to wmon, &
but one cue in the wial process wherehy we perceve objec
1 space It demonetrates, furthermore, bow flaible are the
conoections between haod and cye and how readily modif-
sble and adaptable our varous densory SEperisnces are.
Ordinary avarpday experiences demomstrate the same thing
So we leamn to shave 10 2 minor, ahbough nght sad lelt are
reversed, and 1o aperate o mictoscope, although the fsld is
anverted. To repeat, 1p m clear that the retae smply gpves
us the image 1 1ts proper relationk; how we place these
relations in epace depends upon myriad amsaciated tactunl
and moacular Impressions,

{6}

Iv decribing bredy oo pages 301 and 3o4-5 the varicus
faccors whuch contnbote to our knowledpe of positon m
rpace, we did not deal dircetly with the rile of eye move-
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tents in visual pareer It is readily recogrized, howeyer,
that thie must be 2 veluable factor, for cur koowledge of
objects and thew structures & ot ataaned by a steady fia-
v upon them, but by a serics of short “vews” 49 the ayey
fht arer the cbiect and 1ts surroundings. Carcful studies by
paychologints have thewn that cye tovements [al] mte two
mam clesses, “yump” movemmts and “pomwt” movements.
Jump movements cocur when cur cyes are meved walum-
waniy tver an obisct, puriult movements, when the cvet ars
controlled, 20 t¢ speak, by the moving objects upon which
they are fixated and move aleng with them,

Dodge (1901} bat made prabably the mon carelul studies
of aggular eye movements of the jump type, usog the
method of pi by. Earher for example
Hucy {1900}, bad attempied 1o reginer cye movements by
mechanical means A emall dise was glued to the coroea of
the subject’s cye, and & fine thread fed from this o a dedicate
writing pnt. When the eye moved, s ercurhon wat re-
corded by the wrtng powt oo a smoked drum Hewdes
many obvions objectons to this procedure an far as the sub-
ject was concerned, there was also undoubtedly some mac-
curacy and lag in the tranafer by (e ayseem, The resords,
too, tended to blur et the beginomg Ind end af the mave-
meat, which made kbl I" of
the eyer in mouion el mon of there 4 [uer With
his subject seated i & derk room, and position of the head
kept conmtant by means of 3 head rert, Dodge reflected a2
beam of light from the cornea upon a2 meving senwtve plare,
A the platc moved downward vertically betwesn two
grooves, the subject win mstructed to move hin eyca from a
pven point wo apocher in the ame borzoatal Lae, Focus, ar
rest ponts, showed up as bnght apots oo the Glm, irter-
medisee movements as white lines, ot streaks.

The time requirad te shifc the focus from point 4 ta point
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B wun d by ph hing an aecillatieg gpring pen-
dulum plong the edge of the mmng plate. The vibrations
of thus tme marker showed op 8s 8 senes of testhiike inden-
tavege which could catily be counted. Since the peadulum
rate of wibration wes koown, 1t wae pomble 1o measure the
Trne rotervenrog between the Rxmteon et A and that at &,

As mught be expected, the tme of ae angyler movement of

~

J

Fo 31

Puarockaras: Ricesn or vue Exx's Morecar o Tracane e Cor
ey op & Opcx
(Aber Stratron |

the eyes depends largely upon the extent of the excursum.
Dodge foond that the tme required for the eyes 1o mova
through av angle of five degrees iv sbout o3 second, the time
for twenty degrees is abaut .06 second, and the nme for forty
drgrees 14 .2 second. Theoe renulta are based upon the records
of three subjects. The reaction tme of the eye 10 & beam of
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light cast upon the revina—Lie., the time mtervening berrcen
the shmulus and the eys’s movemont—was detcrmined by
Drodge 1o be arommd . 165 second

The jerky character of eye movements in ordinary vesing
has bewn clearly shown by Stration {1006}, who also em-
played the photographic method, Conteary w everyday opia-
1wn, the ¢ye does not move in 2 amoath sweep, unlean the
racverent ic of the pumuit varicty. In such mowements, an
previmualy noted, the eye smply follows the moving object,
and 1 nox controlled by the observer. In locking at an object
o a pictere, however, Strattem found that the tye moves in
1 scriee of jerka o jumpa, even vthovgh the snbject thinke he
1 mowiog his ey smoothly. Like Dodge, Stratton alo
placed us subject m a dark room and photographed the cye
movewents by reflecting light from the cornes wpon a aen-
nidve plate. The wuy in which the cyc moves in looking
around 3 arde it thown in Figure 37, The dots represent
pausct.

7}

One of the most careful studies of eye movemenws in
reading war made by Dearborn (1905), who alio ueed the
methed of ph d by Dodge and
Stratron. Durbom {mmd dnl the num'btr of fxatvons per
line for ordioary proted matter vened frem four o seven
for wght subjects. The number of “stope™ 10 a Loe is farly
variable, dependmg open the difficulty of the matenal rmad
pa well as upon the cducetion and mental abidiy of the
reader. Deazborn aleo found, o Eediman ead Dodge had
urﬁ&r reporved {r8g2), chat the fization pauses of the eye

in reading consgme abonot gy per cent of the total resding
time. Thir fact, plus the high speed of cye moveEment, makn
clear perceprion dutiog eye
In lput! of chis cur vinual world, &0 we all koow, 1 con-
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tnupus wffar, and not & patchwork of dear visual apots
here and there, bridged over m between by blurs. There
#re many ressons why tha is true In the firt place, cur
wirual field, when the cycs are at rest, i conbouons and un-
broken. There 1 dear viaian, too, of moving ehjects in par-
auit Jthough 1n oll ramdly moving chjects

the hm:k;mund is bluered. But more important than thesz
iz the contimuous “*EBllngan™ by data goe {rom the other
sensen, Thia background of information and leamed material
10 terme of whuch oar immediate pereeptiona ar! “mzed up”
wnd made ful da called aur “app
maza”* A familier mmple 15 the spred wath which edueated
adolts read eany or familiar prese. The cye eweeps elong
aver the page, tong important or “key™ words here and
there, the gapn beug filled in by the context of assocuted m-
formatian.

Early in the chapter we referred briefly to the two thesties
of visual apace percep the and the emp
No doubt, moet of the facts hers preacsted have seemed 10
favor the empencal theary, although the physiological facton
of ati lar strain weigh
heavily. Mo one, of wursq =1 uy defiomely jus: where the
influemee of native factors leaves off and the miucace of
Jearned factors begios. Here agzin we are faced with the
samne dilemma encooneered in the familer controvernes of
insuaet verbus Iearung, heredity vermue covironment. Cer-
turaly learning can do nothing without the pative squipment
of a spatially corroet retinal image and the phyviological fac-
tarn which formuwh cues to movement Nor could the =pe
alooe buld up wisnal epace ax we koow it unless mided by
anzociated ohuervitions from the other senzey. Both eets of
factors are important and oacousry, and we conld dispense
with neither,
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Suggested Readings

. 'l‘.hg interested student shodld ceamlt . B— Myers
maental  Prycholopy (igas), Part T, Chapter
I, ln\i E. B. Timhener's b?: rrimental P.ryr 3
;9r6}. Chaprer TX, lor
s ruEI dnuu:uun of expenmental method and for maoy
iltwitrations of dluskoe.
Chapter IX in E. 8. and P. B Robiosoo’s Rrodemgs &
General Prycholery (1937) contiim much ftersating
materal ot perrepticn.



Chapter 14

FRANZ'S AND LASRLEY'S EXPERIMENTAL
STUDIES OF THE ROLE OF ‘THE HRAIN
IN LEARNING

n

TH'E experimental work of Shepherd 1. Frane and Karl

S. Lashley offers emr of the best examples of che physi-
dogicsl approach te problems of learmmg and habu-forma-
noe. Both of thers ceientiees are physiniogists as well as pay-
chologmty. Fran receved the doceer’s degree in psychology
from Columbia Umiversity 1o 1869, and m 1502 bepan o
series of studies on che rile of the bran in l=arning, using
cacs and monkeys 26 expernuments] subjects. For many years

he wai pepchologist at the (7 Hospial for ihe
Insane in Wﬂhmgtcm, where be did much emkms work
the resducation of dualy who had ined bram i

jury. Lachley tock the Fh.D degres rom the Johos Hopkins
University in 1914. He i probably the most eminent Amer-
iean worker in the field of physiclogieal psychology.
The main tagk which both Franz and Lashley et for
lves in their igations was to determine what
regions of the brain cortex function in speaific learned zcta,
and bow much of the brain tweue so foncmnas. Their
method, in brief, was to comparc the learmng abidiry of ani-
male befort and aiter destruction of certmn brain areas by
cperation, or to compere the leming of “operatsd™ snimals
with that of germal waimaly. For ezample, a group of rats
are trpined to thread o maze, the oumber of tnaly sod the
time being recorded; parta of the hrain tiviue are then -
aa
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moved and after rectvery from the operaton the animaly are
ratested to sen to what extant the loss of brain structure wi-
feca thewr bshavwor, Qr agan, ammals whose bramne have
already hean partially destroyed are truned to get out of a
oz, aod their records ate compared with those of nocrel
animals.

Operations involving diferent bram areas have boen per-
formed vpen razs, cazs, and monkeys, and theur sFects upen
the acquisition of both sensory and metor habite of different
degreen of complexity heve been recorded. Theae mxpenments
have much egmificance Jor human [eacning. Sioce the buman
bran cannot be experimented wath, 1t {5 only in the event of
cizcane or wounds that brain injury can be cormelated with
lean af menral {unction. In pathologeeal conditionn Like thata,
Bowever, complicaucny anmng from bodily disease ot injury
must be wenosly cosidersd, and these influences may be 3o
axtensive that & definne concluson s to the speafic =fect
of the bram injury tesddf w often hard to reach This ntu-
ton doet not anse m opeTative work wth avimals, parts of
the brain eorter can be szperimenrally destroyed and the re-
sultng efects wpon learming behavior direstly noted. In
many caces the expenmental findings from the higher wo-
maly, g~ the apes, tan be arried over almost uoaltersd 12
Buman learning, and cven o the lower species the problems
of learning are fundamantally the same as io man In & care-
ful review of the literature on cprebral funcpen, Lachley
(1gzg) finde thet while there is undoubtedly greater speciali-
zation me we g up the evolutionary seale, the problem of
the relanen of brain areas o lcamiog docs not differ greatly
in maz from that in orher mammaly. A marked advantage of
experimentation with animals should also be noted, namely,
that it permita na to cheerve the réle of the bramn o be-
havicr muck less complex aod more easily controlled than
in man.
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(2)

In hiv proocer stodier Franz (1907} mvertigated che func-
won of che frontal lobes i the reteotion of ssrccmuocns
formed in learning Floa superimenty were carmed oot with
cata and with monkeys. The cata were traned 10 sezpe
from boxes quite sumilar to these used by Thorndike b
studica of anmal learniog (wee pege 107), These boxes were
about twelve wmches hgh, fiftern joches wde, and twenty
inches long. The bowue, back, and oudes were solid, the
frent and wp bewng covered with ihresquarter mech ot
The door wae s wnches wide by cght nches high, and was
hunged at the bottom so that it would fell forward when the
lerch or other mechaniam beldiog it was teleased Three
boxes were usel Two could be apened by pushing or knock-
ihg Against & oord atrached on ddferent ways o the door, the
third by pressing « butten up or down This thard box i
shown tn Figure 14

‘I'he sumulus bo actvity was food—mest, fish, or milk—
placed just outade of the box Given 1 trawning perod
of sbout 3 week, a normal and bungry cat can leam w
escapr from a box lke these desenbed 10 from teo to mx
scconde, After the amimal had lexrned the habit to thie high
peint of effiaency, Franr gave it 2o anesthet and operatsd
upon the bramm, cutong away both froowld lobes from che
reat of the cortex without, however, removing the soversd
parts from the skoll' Alter the animal had recoversd from
the ancathet and the shock followiog operstion, which
usuelly reqoired two to throe deyl, it was reettad in ghe
bos from whieh it had prewioully learned ta eacape. In all

*Tn mun the fratsl lobes, which he yust betnd the forebend, bave lowx
been thoughs ta be achwe o complex and haghly Tearned actvites, such
4 thinkmg, masoning. and plioomg Presumehly ey fuocton aheo o
wnimals when dearnmp tncks or ovher fauly cenpler acts
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thres caty uied io thin expeniment the hatnt of escape, though
repearedly teated for, Ruled o reappear Bug the cage all
made impulsive efors to scape, also they raooned old and
much-used habra, such as pumng when perted, rubhing
agamit the exp "y legs, and dmg to call When
they ware hald belore & cage of fuce, normal emotione! re-

oo
Puarts Box Umm a7 Fuom 1x Loanncac Exsousenms were Cury

sponses were exhibited, such e incresged heart-beat, follow-
g the muee rapidly with the ayes, and atiemptr b0 juimp.
Oxly the recemtly acquered babat of opening the bor seemed
te be imt. Franz wan carcful noc to uee any anumal in whick
post-operetve wfection had sct m, and i every case the
cat was Jater killed and it3 brain examined to make sure chay
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the (rontale had actually been cut away from the rest of the
brain.

The lown of learned respooses following exurpation of the
{frantal lobea holde for monkeys an well an for caty, In his
expenments with monkeys, Franz uwped small ammals of
the rheius (ahort-tail) snd the nog-tal vanery. Two tavke
were arranged, the one called the foed bod, and the ther the
hurdle The problemn sct by the food box was openiog the
dogr of a small food cormpartmens whick was attached to the
cage i which the ammal bved. The door of the food box war
beld by 2 button much Ik the door of the box an Figure 34
In the hurdle problem the snimal bad to pedform seversl
acta in order, gong from one bar to another, erawlng
through 2 hole, aud s forth, before reachng the food All
of the anumals were hungry when placed i the rest suatons
30 that active and vigorous behavior wea readdy secursd

Six monkeys were ueed o0 this experiment An soon as they
had thoroughly learned the babits, parts of their fromtal
lobes were removed, with the same procaubons 2a thoae

ployed i the caz exp When the mookeys were
retested after recovery from the operation, all were found
to have lcat the tnck of opemng the food hox or of gong
through the mere comples acuviaes of the hurdle. But an i
the case of the cate, habuts of long standing, such s eatmg
out of the expcnmentcls hand aud J\llnplng upon his

Treauld, 4 The keys were d d 20 11
wetave and Iy normat Uy, ing aud
chantering an hc[ol: the operancn.

(3]

Ohjection might be raiscd to the conclubien rached in the
above experiment, namely, that newly formed aseocadons
and habits arz dependent upon the fromtal lohes, In the firn
place, the shock of the operatiem (surgeal shock) maghe
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alone be sofficent to bresk up the new association; second,
the mere excision of bran wsue o any pare of the brain
{nee the frontal Jobe paruenlarky) might sxplan the Joan of
the habit To sertle these msucs, Franz performed two oon-
tral operations. In the oo, 3 cat was trained av before to
acape from 1 bor After whe trick was learned, she was
anesthetized and ber skull opened, but mo esason of bram
timnue wat mede. The wound was sumply closed and ban-
daged a8 in the other operatioos. Tercaty-four hours after
the operabon, thie cat was retested n the vm and found te
retan the habit perfectly Other cepsuiuons of the ezperi-
ment checked the result To the sccond comeol test, & cat
which had been trammed to cscape from two boass was oper-
ated, but this ume 2 portion of the pariesl lobe © mpcead of
the froneal was cut away from the underlying para of hran
tioeue. Three deys after the operation this ammal got out
of the bok i & latle over veven seconds, which was about
twice the pme required before the operation Shartly after-
ward it reduced 1f eacape time to the Jormer level, showing,
apparently, that the asseciatons mvolved o the habus hed
not been actuwally disturbed Seven wepke later, the nght
frental lobe onfy o this same cat was exoeed. Fonr days
after 1hun opetation, though cxtremely slow, the somal was
able to do the tuck In another eac which had learned per-
feedly how to get our of the box, both pareral lobes were
destroyed. Three days after the operation, this ammal par-
formed 1he track an well a5 belore, These control expenments
ndicate quite clearly (1) that only when both fromtalr are
injured are the recently acquired assoocations lost; and (3}
chat the lose of the habut cannet be cxplmned 28 duc eithar
ta surgcal sheek resultog from the operaton or to mere
cutting of the bram pesue,

*The parww! Jobes [ e back of the [rontaly, and o mun arw eoo-
cemed chiefly with sensory and sucemtine funcisns
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4

In all of Frane's expenments described so far, the habite
and asvotiations lost az the result of frontal wmyury were of
quie racent ongin; old and well-catablivhed habrta prrsisted,
To sce whether this would bold weue for mghly tramed
escape habiws, Franz 1o 3 second kened of expenments traned
four monkeys over & murch longer penod of tme ot the
cxcape habit wes firmly cstablished—almeoer second pature,
%0 to apeak. The Trontal lobes of these highly traned anwmale
were then desrroyed, and after recovery it was found that
the eacape hebit functioned almest, 1f not quits, an perfecdy
an before the operation. e anciher seres of cxpenments
wth several cats, the frontals wers severed from the rept of
the brain befors the ammals had (earned to get oot of any
of the boxes, When 1bese ammals were tramed later, it wan
found that they could leamn the haluts as well an normal
cats.

These expenments are highly intereating and wuggeonve
sinee they imdscate that one part of the bram must take over
the function of another part wicarwously, or by subkutetion
1 seems quite swdent from Frana's recydty chat, in cate and
monkeys at least, rocently lormed assocations are oormelly
carned on by the fromeal lober, neoce the habus are kag when
the frontale are removed. Bug uf the habus are well formed.
Le., farrly well mechamzed, they perast even wiren perty of
the frontale wre lost, beng carnad on apparently through
the agency af cher part of che bram That these other cen-
ters may acquire the babit im the Brst place w indicated by
those experiments i which cate whoae froatal lohes bad been
excised Before training stll lsarned the habre These find-
ings are directly oppoeed to the dd ides of spaciic centern
in the bram which coatrol definne functons. Such arcas,
they actually exist, most be conuderably more diffuse, and
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they must alse be more loasely crgapzed, (hap was ongr
nally helieved.

Several casen of remitution of funcuen taken from Frasz's
work with humane wilt be inetrucove e i coonection,
Theae cases are concerned with the reeducation of patients
whose brane had been injured by dikears or wounds, An
aphavic, fifty-saven yeare old, had recendy suffered a par-
alyric stroke * Hu rght side wan paralyzed, and b lenguage
was jumbled and often uniatelligble Many reelevant wovds
were employed and cbjects were often named mcorrectly.
The astempt wea made to retratn this patient by having kem
relearn {I) the natoer of ten fanuiar colors; (1) a shert
stanza of poerry; and (1) the Lord’s Prayer Beginming wah
AR accuracy seore of 44 per cen nght o naming colors, after
throe meonths, in which the trials varied io oumber from day
to day and wefe sometined omitted, thus man ancreased his
ucuraqr lcnre to 96 per cent nghz Almonr the rame rexylts
were An ng findmg
here wan that du: aumber ¢ {probably because nf ita com-
mon use} wan Tooet often osed apontancomly. In trying to
leam postry—the firet etanza of “The Village Blackemith®™
wag the sslection uned—the patient read aloud the first ope
or two Lnes fve times and then tned to recite. Repetrion
wax continoed uani reproducnon wail petleT, whereupon the
nexe Tew lines were ateespred, and vo on. Afeer five days of
work the patisot was able to repeat six [ines of the selechon
wufficsently well to indicate that he was gradually learning st
The Lord"s Prayer, formerly well known to this paticot, was
correctly given after twenty-five readnge spaced cver thres
days. A post-mortem cxamrnafien of thre man's bram (ke

* Aptena 4 the bus of abdity 10 undenrtand ypoken o wytticn logoage
foenmyy bype), or the dox of the bty o @y the camedt woed o e2-
proar ome's though (motor trpe). Aphas i, b pestval, the okt of
ajery o the aocate ares of the cores, mos cizem, probably, 1o the
fromeal and vemporal Lohes
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died of pasumonia shortly after the sxperiments described)
thowed conziderable destraction i the lower part of the
cartey, i, in the temporal lobes. Frant poonts oot that the
waw but steady reeducation of this men suggests the pas
ubnlity of the remtablishement of old bram coneeaus or
the opening-up of new ones. Thus teems reasonable o the
hght of the expenumental work on anmals which ban been
describad

A pecopd case all the powerful stmul effect
of poxtive sugzettion. o this mstance the patiang wag an ex-
acldier, & young man whe had besn sirock by m hugh-sxpla-
wive shell. The result of bis myanes was paralyns of face,
arm, and log oo one wde, 3od this conditron bad perewted for
nine months. The man entered the sxammagon room hob=
bling on 2 cane At once he was ordered sharply by the ex-
armner 10 put dowa his caoe and take o seat i @ char wme
twelve fest away Although he mssted at Grar thet he
conldn't walk wathout a cane, upen beng todd that the
cxamuter wen quite aure that he oould, he led che cane ande
and awkwardly, but unassisted, walked to the chawr, Herr
the authonty and the presoge of the exanumer proved to be
u suliciently podivve sumubus 1o renaate 2 partly lost fme-
won  Either the old nerve connections conducted under
“presure” or other and aew comnections gubantoted for
them.

The effext of a p Ful i tve OT a0 ] stimu-
lus in zlong & peteent “forger” hia dimabulities 1w well ilus-
teated in the caze of another partielly paralyzed man who
bad walked with » cane for macteen years. During a baachall
gome thie indadeual et the ball, and 1 grest excitement,
without pauking to gt bua cane, he ran quickly v fiest base,
Imr.mg oot the throw, It 1 mgmfcant that i spite of this

ke thee d fed bus cane, sayung that he
couldn't walk without it. In maoy casen of thin kot it seems,
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un alrzady noted, that odd pathways in the brain and nervous
systemn wre sull partially intact, or that others ere able to
substitute for them. The pauent’s stcude 18 often the con-
trolling factar m anrring these comnecuons 1mto Lfe, If the
suggestion in streng enough, or if the patient can be suf-
ficeently arptued (o acuvery, xay by anger or by fear, recov-
ery of lunctron may follow

L£4]

The work of Lashlcy to be reported hers, Lle thac of
Franz, was directed toward discovening the eoffect of brain-
destruruom upon speofic learned acte. His expenmental ani-
mals were whate tata [n ome sener of capenment {1920
and later), 2 groop of rate were tramed o 2 very simple
sensary bahu of bnghtness discrimination The problem box
ueed {Yerkes Discomimanion Box) contamns two alleyways,
eithee of which can be sdlummated by 1 traosparenc agreen
placed at the far end of the box When the rat takes the
Lighted eide, it iv 2d d to the food through
& vmall doar; when i takes the dark sde lt receives no food,
but, recerves matead @ shock throogh an electnc gl placed
an the foor of the alley The hght can be shifted from the
left to the nght alley irregularly eo that the ammals cannot
form & place aksociation or hebut, About 100 tnals are re-
quired fgr the raw o fie the habe Mlurnated alisy — food.
Trainimg was continued at the rate of ten tnzle per day unid
twenty coniesutive errorless trials were obtaned. After ana
group of zoumale had leamned the habic perfectly, vanous
amounts of the posterior parts of both cerebral hemispheres *
were destrayed hy oprraban, and after recovery the rats were
teated for retcnbion. Another group of ammals untrained in
the brghtness discrimination babic were frst subjected o

*The porterior party of the bumuphers wie clsd e ocopntal obes
and are artrve 1 the lesrmg of vanal kb
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brain operations which invalved different thirds of the oc-
cipital cortex. Thete rats were then tested to 1ee how long
it would take them o acquire the hatnt. The results of these
teats gre quite convincing. On the one hand, thote animals
vhich had leermed the habots wath unmjured braine wers
found aftsr the operzucn o bave lost the habe ennrely.
But with practice they wert all abic bo reacquire it, the
number of trials needed baing roughly proportonal to the
rrteat, but entirely indeprndeat of the place of bran destroe-
tion, The corcelation Between the percentage of corter de-
struction and efficiency of learmeg it about 45 {Lashley,
16ag) On the ather hend, these ruts whese bramns had besn
anjured ﬁefors being tested in the descrimination box Iearned
the habitk just as quickly as did the wunjured ammsls.
This expariment sccme to cstablhish dﬂl’]y [} dm ‘hg
oeeipital lobes are ondinanily active in bugl
natica, but (2} that thede rogione are oot aeceesary for it,
wince other para spparcotly do take over the fonctwn.
{3) It shows, too, that the brightnes disciminetion hubit
must depend npon the activiay of the whele postenior repen
of the cerebrum rather theo upon a spedfic region, wnce
the habit 1 weakenod by the extent of the injury, but &
mdependent of the point whare it gocum

In ansther group of trained raw, the penetal brain arean
were destroyed by operation  Upon heing recested, these
animaln, while commderably Il.clwcr dnn befors, in go case
showed plete Joss of the brig habit.
This clearly suggests that the nociputal arcas were the region
onpinally concerped mn learming this activaty. We have al-
ready ween, however, that when parts of the oceipaal lobe
were destroyed Before training, the ents were still able 1o
learn the brightness discrimination habit an well 43 zormal
rats. ‘Thin led Lashley to propose the following query: Is
there any particulnr aren of the brain which takes aver
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the fynctions of the wjured ocoprtal parts? To answer
b guestion, be flest destroyed vanous parte of the oonp-
wal loben in twelve ruce and then tramed them unul they
hed learmed the brghtoess duscnmizanion habit up w b
dard. A second was then peril { oo the

same ratk, vanous regons of the remamming pares of the
cortex bewg destroyed FEach operation wmjured sbout one
third of the still intact cortex, the mjonm samphng che re-
mmnng arce n such @ way er to cover (when all twalve
rats are vonpdersd) the eotire wwo hemuspherss In oo
ammal was alf of the cortex destroyed, however, 2a com-
pletc decortication has not ar yet been buccossfully performed
in the rat, Thee twmpu:led wmithals were then reresced
for ien of the b di: habi, with
the eesult that nane weee found ta have lost ' From chis
last cxperiment we are forced to the highly importast con-
clusion that after ocoipial wyury o apecific area of the
cortex carries oo the brightoess dmenmnation habig wviear-
iouely; or statig the same thung w a differenr way, thet ap-
parcatly amy part of the cones is able 1o rake over the
brightasss divcriminagion habit in the sbaence of those oocip-
ital areas whose function it normally & Since the ephre
cortexr wan oot removed 0 any ancmnal used 1o these teatd,
it 1 uncertamn whether or not some aommi usaue 15 neces-
vary for the af the brigh habat
1t may be, of coorse, that aot l centers can st
in the shecnee of the whale coreer

These renults which have been quoted from Lashley's
work are quite securely estahliohed. More than 150 tats
w ail were used 1o these experiments, and there were ade-
goate comtrols, so that the resulte ceonct be ttributed o
wurgical ehock or o actual blindoess in the apimals, Poet-
maortem examinations wo venly the satent of the lesons were
alao made,
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(8
In another serics of experiments, Lashley (1920 and [aeer}
studied the effects of brwin mjucy opon the learnng and re-
temtur ol & toter habet, Aoirals weee Srut trained to secure

Fic a3
mwhm:w?ﬂmummunmmm
T

thy pladfamy 4 ynd & e ool
down (From Lasbley, 1m0}

The door d 5 cpeoed when
presaed

food in the problem hox shown [n Figurs 35. Io this box,
called the double plarform box, it I ascewsary for the
amiemnl to deprens plarforme a end b in che flaed ovder
a=+ b in order to opes the door, 4, which leads to the food
companmeny, Thete platforme are abmat four by two
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snches and are rained ooc inch from the foor; a faidy dlighe
pressure b nufficcor @ depresn eitber of them. This sk
requirey m more aamplex motor responae thap that peaded
10 the inclined plane bex tsed i earlar sxpanmenos by Franzs
aud Lashlsy {1917} In tha inclned plana box, tha animal
bad o chmb opon the food compartment (& small box
plared within the cage} and depress ooe small platform 1
order to open the door of the foad bax. To the double plat-
form bex, s ooted, two placforms insgterd of coc hed to
be depredard,

Minetesn rar: were tramed in the double pladorm bor
nfter about one third, on the average {14 to 5o par cenr),
of the cerebral cortex had been desroyed by operaten,
These cperated animals learoed the habic a3 readily as che
merl (coatrel} raty, ascually requsiag only whout three-
fifths an much pracoce, a8 shown e Table XX, Tha rather

Tame XX

Txx Avemstx Niwiom or Tawmes avpo Tumim Rawce ron
Nemwat, st Oronarze Rame v Lransmvg T2e
Deopaix Prarroen Box
{Alter Lanhley.)

Sorroge

per coni of

No.of  bromde

Ramge  ammals stractiom
By-zo4 e a

414t &

3
jury . #5T07 £ af
4  Paneta] mpury 41-zen 5 a3
5 Freaul njury. goo 5 3 16
& Frento-pari
il 2751 2 EL

71 % ab
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Temarkable outcome may be pnnly explaned as K resule of
the bat lesser d of the ap d rate with
A compequent leaienmg of ther random acuviy. That u,
bran-destructon may wctually faver quick laermng. Lash-
ley baa fouad, fer mstance, that opevated rats alightly para-
lyzad and with motor disturhances raquired abowt 3o per
cent lesn tnals then other operated matn which showed no
motor defects. Anumals with bram mjunes jump ower the
platformy Jesa often than normal rats, more often bumping
ioto and eventually depresung them. The task of cpening
the door of the food compartment teemy then actually ta
bave boen camer for the anjured raty, thoogh it o hard =
sex hewe this advantage can sourely explmn the wide differ-
ctices [ound betwsen sormal and operated animale wn {xvar
of the latter. Lashley wntea m regard to thm poimt:
H. . . verious linen of evidence point to the condusion thet
irrslevant factors at least did mot change a real iferority
of the operated wnimals into wo apperint supenocrrty; that
the normal and operaved groups are mon probably equaf
in learning ataley™

In later mxpenments (1921), rats first trmined in the
deuble platform habit were later subjected to operations
which degtroyed vatioun purg of thewr frontal and ceespital
brasn areas. The hebit, thoogh much distorbed, was oot
weally kost 21 @ reult of such destruction. Thin suggests
that normally the frontal lobe are acuve in the formation
nnd retention of motor habite, bot that substitution of Fuac-
tion by oaber arear is immeduce and quite efernve,

4]

Lastley (1929) han recently checked and extended many
of his resulte oo learmng and retection in soimads. Teats
of the leanuog aboliy and reteatiovn of both moter and
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sexwory habirs were made mth four mezes ol dlfmt prt-
tarms gnd the brigh box ¢ da-
seribed on page J:: The experimental gmup war made up
of fifty aninals, all of which were subjrcred to brain opera-
Hems mvolving from 1% to B1 per ceot of the potal serdface
area of the cersbrom. A few of the c;gmﬁ:am. ﬁndmgs m
these carslul and may be

briefly. In submantiation of hia earlier wark Laghley found
1) that the cepanty to form motor habite (eg, to lesmm
razzes) 0 reduced by bran-destruction, the reduction be-
ing independent of the place of the injury bur roughly pro-
portivoal bo the amount of detrucuo, {2) The more com-
plex the problem aer, the greater the efect upem learning
produced by any given injury. (1) Simple sensory habits,
such ms that of bnghtness discrimination, arc not preatly
affected by cerchral letions even when the whole scneory
area iy involved, owing probably to the comparative sim-
plicity of the babit itsclf. (4) Retention of simple motor
habits (learmcg mazesd after forty days is wpmbcandy
impaired by cerebral lemon, the degres of impurment de-
pending chiclly upon the extent of the injery and the mital
learning ability of the injured rats.

Pethaps the most far-reaching reanlt for human pepchol-
ogy of such cxporimental studice a6 these of Franz and
Lastley it the very defirnte Andng that learmng and reten-
tign of sensory and motor habity cannct be explained
terms of fized nervoun path definite brain
or specific synaptic counections, Complex learned activitics
must depend ypon much more extensive brain patterns
than was formedy thought probable. This may erplain
why a single operegion does not gresty duturh  given pat-
tern, but the more extensive the injury the greater is the
likelibpod of soma disterbancs. Tt may appear an though
we are rétuming to mn older and less anclytic view to my
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that the braic fuoctioos a5 2 whole in legrning, but cortmnly
thia vicw is oot ws improbable now es it once appeared to
be Loceltzaton of cerebre! arcas an the scosory, the motor,
the visual, and #o on 15, of coume, well established. But ruch
areas must be modified to allow for wide fexibilicy and ex-
tended to permit of much foncuional substimtion of ooe
pant for .l.noﬂlcr The climcal evidemce, a¢ well ae the ex-

d that thie wad d suben-
tution of brain fumnun in the cage of rats, cats, and moakeys
holds alae to 2 high degree for man

Suggcsmd Readings

1. For & critical revie cxperimental work of
Franz and Lnuhl:y uc C ] Herrick’s Bramr of Ratr
and Men (1ge8). Tha reference, alen, gives 2 compre=
hensive summary of present km:lw]edgc concerwng the
e af the braw in hehavior

Many stodents will find Lashley't swn account of hu
recent np:l‘lmﬂ;lil work in Brom Mechawisms and Ia-

t 1929 ] g

-
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