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FINAUL REPORT

N20O14~27-4=0108-2005
Aupust 30, 1971

To: Chief of Naval kasearch, Arlington, Virginia 22217
Attention: EIngincering Psycholapgy Branch, /Code 455
Dr, M, A. Tolcott

Trom: Dr. Barbara Gillam Lawergren
for the iate Professor Clarence H, Graham
Columbia University, New York, New York 10027

Subject: Final Report of Research and Training under Contract
NCOO14d~57-A-0198-C009 between Cclumbia University and
the Office of Naval Research

1. Contract NOON1G6-57-4-0100-0002 between Columbina University and
the Office of Naval Rosearch which was initiated in August 31,
1668, has been terminoted.,  The project was carriecd out in com-
pination with work on Grant No. 5 RO1-ZY=-00291 of the National
Cye Institute, ¥Funding provided by each organization.

It is with th» docpest repret that we have to report the death
of Professor Clarcuce . Graham, the Prejoct Director, on
July 25, 1071,

. The nmission nf the continct was “"that research on the factors
influencing visual percaepticn, colour vision and movement per-
cention be performed,” This mission also necessarily involves
the training of student roscavehers,

)

Luring the three yours of the contract nine project reports worn
submitted to the Chicof of MNaval Reszarch which detail specific
aspects of the rescarch done under the task order. A biblio-
granby of tecchnical reports is appended which comprise an over-
all account of the projoct's research findings.

?. Thers is apponded alse 2 1ist of individuals associated with the
rescayeh nrogram,  Cf these Galen Elliott, Ann Colby, aud
Clarence H. Craham were working the arca of colour vision, Un-
fortunately the sudden and untimely death of Galen Elliott in
combination with Hr, Graham's 1llness prevented complction of
this program, and, therefore, there are no recent publications
in this aren, One corlicer publication is listed,

David NMondzrson, Stephen Pollard, Barbara ilates and Clarence H,
Cruham worked on movement perception, Four publicationns are
listed,

Clarence H, Graham, B.rbara Gillom Lawergren, Fatricia Danicls,
and Jaune Braden were concerned with factors infilucncing visuual
perception,  Tho concontiatinn has beoen on investigntions of
steveoscenic danth percontinn, the ames window, perceptua)
rrouping, nnd the 1ilasioas. The rese.rch on sterooscopic
vision, deseribed in progress renorts, 1 not yot published,
Fouvy publications aro lintoad on thoe othoir threo topics.
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4 more detailed account of efforts during the past year follows.

4. Visual Percention

1

a

Ames window. A dissertation, "The cffect of varying lincar
perspective and monocular movement parallax on perceived
oscillation of the Ames window," by Janc Braden, bascd on
research carried out under the project, was successtully
defended. A summary of the findings follows. Copics of the
complete dissertation will be forwarded on request.

A serics of experiments were exccuted in order to investipgate
the roles of the cues of linear perspective and monocular
movement parallax in producing the Ames trapezoidal window
illusion., Linear perspective was varied by varying the
length of a vertical side of ten rotating stimulus figures,
Movement parallax was varied by varying *he distance of a
l1ight source from the screen onto which the figures were pro-
Jected, Tour projection values were uscd: parallel pro-~
Jection and three values of polar projection,

The results support Graham's (183353) theory of the Ames wincdow
that, when movenent purallax cues are ambiguous, the cuc of
linear perspective is used to resolve ambiguity as to di-~
rection of rotation, They also show that:

(a) when the cue of movement parallax is above thresh-
old, the relationship between this cue and the cue
of linear perspective is noniinear;

(B) the variability of subjects’ responses increases as
the ambiguity of the proximal stimulus increcases;

(c) meun number of reversals decrcascd as spced of ro-~
tation is increased, as Borjesson (1971) found;

(d) an increase in the amount of lincar perspecctive will
produce a decrease in the anglie away from the
frontzl plane at which reversal is perceived whon
novement parallax is held coustant, although the
total angle of perceived oscillation remains un-
changed, as Epstein, et al (1968) found.

The results are discussed with relation to the work of
previous investipators on thresholds Tor slant and for
novement parallax, 7The importance of a thorough analysis of
the proximal stimulus urray for studies on depth and movc-
ment perception is emrhasized,

A new and objective methond of defining and measuring
perceptual grouping” of contours.,

A paper is cneclosed by Barbara Gillam Lawerpren ontitlod
"Perceived and common rotary motion of ambipuous stimuli s
a critericn of perceptual groupings" which deceribes tho
theoretical basis for the method and initial rescarch Ui
it. Furthor work on the detcrminants of fsrouning, oo do-
fined in this papor shows thas
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()

(b)

(c)

()

(c)

Grouping is greater for two contours viewed monoc-
uiarly than for two i1dentical contours, each vicwed
by u different cye,

The more contours included in the stimulus which
have a common vanishing point, the stronger the
rouping of any two of those contours,

Differences or similarities in the linec length of
twve contours do nct significantly affect grouping
of these contours.

Absolute as well as relative directions of two
contours appear to affect grouping.

An objective measure of contour closurc is possible
with this technique,

Finding (a) and (c) can be accounted for by the projection
area-line detection mndel developed in the enclosed paper.,
Findings (b), (d), =nd (e) must almost certainly be
attributed to « hipghor leovel of processing. These results
are being nrepared for publication,

Tllusions, A pap2r entitled "a depth processing thzory of
the Poggendorff illusion” by Barbara Gillam Lawergren is

enclosed

Some thcoretical developments of this theory for

the Ponzo 1llusion have becen tested. It was found that

(a)

(L)

(c)

a Ponzo-type illusion can be induced by a texture
rradient

A test line placed on the more compressed part of
either the classical or the texture gradient in-
ducing figure is judged larger than an identicai
line on the less compresscd part of the figure for
both vertical apd horizontal test linz oricntations,
This cont -"adicts reports in literature based on
otzervation, (Humphrey and kiorgan, Nature,)

Horizontal test lines show more illusion than
vertical testlines for the classical Ponzo in-

ducing fipure (two lines converging towards a central
vertical 2xis) whereas vertical test lines arc more
Aaffected tnan horizontal test lines for a texture
gradient (horizontal lines becoming more compresscd
towards tho top of the figure).

(a) and (c¢) were predicted on theoretical grounds.,
These findings will shortly be submitted for
publication,
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5.

Movement Perception

One paper entitled "The relationships among time, distance, and
intensity as determinants of motion discrimination™ by David
Henderson has been published; a copy is enclosed, A sccond

paper by Dr, Henderson, "Visual discrimination of motion:

stimulus relationships at threshold and the question of luminance-
time reciprocity,' is currently in press.

Retinal Integration and Differentiation

Dr, Henderson has programmed a computer to control an optical
apnaratus which presents asynchronous flashass at various com-
binations of spatial and temporal disparity and to record and
analyze subjects" responses. 1These experinents are aimed at
determining the relationship between the retina's integrative
capacities and its limits in preserving information about
temporal asynchronies in the visual input, Results to date
indicate that adjacent flashes of ten milliscconds duration cach
may be discriminated consistently as successive,and the spatial
direction of that succession correctly ascertained, for onset
asynchronies of as littie as five milliseconds. The results
also show as inverse rolationship between temporal and spatial
disparity at threshold for such a discrimination. The in-
flucnces of numerous relevant parameters are being investigated.

Autobiography of Clarencz H, Grahan

Clarence H, Graham's autobiography is enclosed. It will appear
in Vol, & of History of Psychology in Autobiography cdited by

ardner Lindscy ond dcseribes the development of his ideas and
the most significant of his scientific contributions,
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CLARENCE 4, GRAHAI

CARLYT LIFY AND EDUCATICN

I was born in Worcester, liassachusctts on January 8, 1€CS, thco
oldest of four children, threz boys and a2 givi., Iy paronts wore
{rish Protestants from Counily Donegal, They first met in tae
‘mited Scatns and were marcied three years before my birth. iy
mother had been "sent [lor” by her aunt, a strong-wiiled voman who
protiy vl deminated her small groun of relatives in this country
until her ccath at alimost the same hour as Franklin D, Roosevel
i 1545, This gruict-aunt of minc hacd an important influence on ny
1ii2, She had no chilcren of her own, aund T somctiw=s thought she
sseried an unwarranted claim upon my afiections, &till, I now
recoznine that this strong woran did indeed shape me in o way that
moduluted somc influcncoes derived from my quite permissive parents,

It

then I was five T want to kindorparten in the Cambridge Strect
School of the Vorecerter School Systen. sy introduction to school
was rarred by the Tzet thot, inving just suifered a quite severe
chiichocd ilivess, I vas merce than usualily cmotional in my responnn
to wy rfirst school axneriences,  1he period of adjustment soon
—assed, and from thon on ¥ broome a well habituated pupil in o way
that nrebauly had innlications for my total 1lifs pattera.

dy most memorakle davs in grommar school were in the later
grudes during Uovid War I, The nupils were, in the cays after
imerici's entry inte the war, in & chronic siate of excitemeni. The
uzust topics of the curriculun were taken up, but there was in
Tien 2 ogyeai deal of singing of patrioftic and popular sengs.
ous circumsianocsy coused uncerta1n~y in the time ond pince of
pirts of the schan? nregiam, aud nany changes were made in thke
€chool s23s8ions, aimed for one thing at saving fuel. ‘What with
rationing, Liborty bouds, war gardens, and the countless other
out of ihc ordin:ry, tho neriod of World War 7 was on exhilerating
tine for the nugils of the Cambridge Strezt School, bafore it was
finally canned by Armistice Day in 1218, 1 was awakeoned by bells
ani vhzeivles at 2 o'clock on the morning of Wovember 11 with my
mother bending over me aud qnnouncing that the war wes over, I
reiember that I dreossed as fast as T could and hurried to the centoy
oi Vorcester wiecre the beﬁznulng of the celcbration was taliing pla-o
with many boufiros and much milling about, A parade was aryrangad
for the afiorncen, in which S57C (Studznts Army Training Corps)
contingenis at Yoveoester Toch, Clark, and Holv Cross Ccileges took
part, s w2ll 4s other military groups. Students commandecred tho
trollicy cavs, a caciionornt pormeated the crowd as fe2lings of
comyragerice and good I27lorsbhip provaiiasad, By menovries of VA and VI
days in 1C°5 ure dia by coaopnrison with those of armistice Day of
1918 vhen T was a Lwoeive youax old boy, I romember thinkipeo that nee
at laszi aly nations would L2 stived for democracy, even those wicked

on2s that dicda't want to bho,

s

*~7
thin--
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I was gradvated from prammar school in 1917 and went to Routh
Bigh School in %Worcester. I think of hlsh school days as o time
when learning was easy anéd my teachers in goneral wvele vory cood.
I did not spead rivch time c¢n homework, and in fact I worked in 2
erocery store during most of my afternoons. Some nights, 1 sp2ni
sovaral houvs in the YiiCA ~ym and swimming pool, I »ealizo now
that I may have been busier during this peoriod than I ever was in
wr 1ife, before or zince, My expericnces in the public schools ou
Uoreester, grommar aad high school, pirovide o generally hoppy
L mousry, 45 I look bLack Y focel that Y was lucky to have be2n tauvgnt
¥ by such a dedicated group eof teachers.

\’)

Tn 1923 1 was gradunted from high school and spent the vacaticn
_ months worlting in tie Spring Iill of the American Steel and Virse
Lo Coapeny, thercby adding to my financiali backlog at the rate of 4C
i cents an hour for 42 houre a week, quite respectable wages at tne
tima.

My mothar's aunt, whein I called sun” iiaggic, was aware or
Clark "niversity frow nzariy +..o time ol its foundiug and, as a
person meageriy educated borsolf, was resnectful of ithe aura of
¥nowizsdge and scholarshiy that cxzisted in its carly days under G.
Stanley JWail and awn fnritlally brilliant faculty. At any rate, she
early dGetermined thot § should ;o to Clivk, Backed by ny own
savings and her supnort, 1 cntered Clayri in Sepiomber oi 1922 ang
snent thrce years {rying to decide whai schedule T should follow
and vhat my "major' should be. I chonped from chenistry to litera--
ture, sampled sone othzr topics, and in my third vear took my firo<
wsychology cours2 with John Paul Nafe sbertly after he haic receivoed
H . his dzgrce with Titzhener, I can not say thet the substance ol

Nafe's couvse RS s morable, but somchow or other Mafe hud o why,
rot of xusiructing students, but of treating thoa as personalitics
who conld b2 inizresting in their own right. That they wero vorth-
while was furthsr denonstrated te a fortunate few by the fact thot
Nafe paid consicderable attention to them, even heoceoiting tLQLP
friend, This magic seoms to have touched manry sutudeate, ;racduate
and undergradutltie, who later became well-known psychologists,

T finaliy Uocah- a studiont of nsvchology and took cxperimental
with Nafce in my scniov yeav, Frank Geldard, two yecars my soaiol,
was starting work on his doctor's thesis and bLopinning 1o recrult
subjacts aad, as it turnzd oud, on experimenter (myscif) for Lis ]
work on light acdaptation, I wonember that T experienced an alincest ]
joyful fecoling as I «at in 1lic dim ambient illuvmination ol the dari.
roon, tining the stimulus nreccntaticn, bearinm the accompanving

Ylcks and later, seciaz +i - Oata tvaliz shape under Geldard's compu-
tationrs, That yoar's aeriviity surely bent the growiag branch in a

m

viy that has percsistad. i
3
In 1627 1 startad gradunte work at Clavic, f7The staff, in ad-

dition to WNafe, consisted of Cari linrchison, Vernon Jonces, and nost
¢specially, Walter (lunter. Raymond VWillouchkhy, associate editor of 3
jfyvhoLoaifaL Aqur"otg_ also vas an inflventinl {nrcn anon:; the {
stidzlies, espoecially in such arens as dovelonnontal ond abnormad, ]
which would otheiwise have had 1itile represcatotion, Of course, i
- el
i
{
1
i
1




tho tvo madn inf]ucnocs G me woerse Nafo and Jlunter, 1 soon como
Mdor flunto v Antluonce, coete iy theourh his seminerrs anfma)
Poebavior and laun' Ll of Davepa Ay, dhe Forner comrao dovo [opod
PR W dp])l(Ll T on o ’-'U.'i-"!d:.i. L.V-"lfg)'ul]()ll)[,y, fspocdin LY L(‘ll nan
criterdin of oxporizmamtot:on and civaiul snalyeis of nroblems,
Although T vosponees poctidyety 1o Ingtar's siatemon”s, U remenboay
that on one aaticr 3 onode o cholee of wystantic approach thal
netih n ho wore th othar cludants: of tha class ropporsed,  In our
st o ol the potnty o viow ropreosceatod by Sernaura and ooy
Sovere Locin, 1L ouw sines vecopntted, of conrse, that dn St
Jowmdns o oaanvaneh voutd piobably bo fovored by many or mond

Btdent« of Lebavior, Wit cvaen then 1 had the feoling Lthat for an oy

Leeonne ol bohnvier would 1oquire some more cxpliciily mmlyLic '"d
foocande vartalivea e obtoce{lver of mtudy,  Aad wo, 3t 19 proahelin
not cursy uedne Lhat ey dnlarestes 4 seusat fon and |-(-:'npt1')n Vi
boon alon the patbu 1n3d ont by sucl workers oo Helmholtz, daywe.l,
dordng, Jiaeh, wnd, Lo repeat, Loob,

In ry Jast yoar of gratunio vorlk U toosk Jlentor's Mripcinies o
1y yehodopvy o ¢onsercy Lh ot vefleciod Husen s aarly Ly Autng BN
ﬁh“(,ru,,n. « Dothita tine, 19700, itunter had becono atabiltzod i his
feysieralic caoacotaitton: he vus o beohaviorist oret 1 holiove ho
»lmu' DU hif powttion thyauph, peyrltaps not Lo tho deproe of mubtloly

SHADIGee nore yacontty by 2, 0L Ventor, but he surely providod
'-—"1)’ faco Loy niludenta, N novar afred at indoctrinantion For th-
ko of poreonal puoport; that te pot (e ray that ho would not
triogo for his poial of viow,  Udl him, one had 1o know not only
whevain on dictaegcod, el 2 lao o vhy, 1 particulialy ronopher b din=
CUSHIon o0 b naper of hila oasn ANt Lo had sl bodd, YThe subeet s
roport o (Munt-e, 1027, T s o the o lon 1lut the subjoctl'sn
oo 4o Yespons oy fo b teesite e Ty poant of view ol
mychaoYory Tl Lty Gt e o, Hentogt dteag recd proiabiy, o ng
rocadl, on the bendw Thiet the poaner o ppeacddying erftoehn in the
tvo caren would Looprcetly GiTfterent,

Jodbd oy thewim wpth Hofa, bt anfortunarely ho wan nbment on
pid b b Joaver e nurons dyrdng my fApal womestor, Novortholens,
Fintahed tho woutda, o stedty of binocelnr pumpalion atl thvephold

(Gyaiaa, YLy, {1 feupnd DLt Ule ov none, Youupe Jrior, Jooimed it

LY coldaag uee el foeper mtedont at Columbin . stumltod tho kame
proYadan by an dm o voeoed toclaignn and wind als e Lo nhow tho cxlotoneo
GUoeovery gl oftoct avae aopma ]l portdon ol tha yelavant preay erlris e
pegsden s function, Gaiten, 107y,

Bovdne ey vovadu cbe dtudant Wuys ol Clavie 1 tound myselt o opog
Conpithy s Uthor <t gyt war s tharys for varcdoun perdoda at (h 4
Vo woda Wil Co bdbord, bohevte Pardon, Dovothog Jolhineaen, acay
svovh o Yavne ety Ny s Leudn Godisvnvign, Movcon Craolo,nae;
Poberd Tocoer, Ao Tant Uive o whom vovedved tholy dopgiaos vhon T
Lo 1040,

TUIPLY P dINYLRYAR DA AND I JOHESOH FOUNDAT IO

Minetcensthirty woo o berd yanre For actedemie Jobee (1L wien the
CLret oy e af Lo Dopery s o), 1 oppdaod wtihoat waccons. oy a
Fatioeo U iencirels "o b lonc it p vty S the your (Janrds Gollorninn ol
v v drd o rocelve onesdy wan s Hobiert Loppor, Dhason Crogl, and ]
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1ried by various dovires to got in touch with porsons who mipght have
or ot loaust know about an oponing for i young psychologist, Fivali.,
Cvook received an avpeincaent at Dartmouch and Loeper, at arvkionsas,
The puemer cragecd on, u4ne ncar iig ond Loeper received a Jeiter

(in roply to nbout onz hundrod ho had wyitten) telllog him ol ap
opaninge at Tenplo, fould o be tnferasiod in applying”  Since bo
ha alroady aproed 1o o to Arkensas, he wveole vhat he hnd oo
colloapue by tho pame of Griham vihom he would 1ike to nowinate,

Shortly thescaftor, I met Thaddeus L. Dolton, chidrnan of the dopar®-

mept at lerndo, oned dn Jeplember, 1030 T was appointed to o oac-yed
tovn at Turplo to takeo tho placo of a sinff member who win com-
nloting hiu Ph,h, vork at Ohio Statce.

T Yitod Polton very much, a £2cling thot wes enhanced by the
fict thut I krew somothing sbout rome of s carly papers and also
tl et Lo had boon at Cla 'n the onvly doys, He was one of the ver:
oarly hohaviorists bLoZoroe Yalson, ard dealth, 1 think, in an insigh~-
ful vav vith on obhjeetive version ol percoption, He van an out-
wlandiug erholna, Lot Pig Antoyents turned o the 207 to adminde-
tration during torures at Hobvaska and ‘lempie.  or a short while
ho way prosident of tho lutter,

OF the ntudl membors at Jomplo, 1 had morsz in common with Jjupgh-
bovt lamilton t.an 19 othersihe wvas an exparinentalist tfrom
Colm:bta nnd, wmti) recontly, hus guided the czxperinental program ot
Tomplo, I Lana boen guceoocded by Phillp Borsh, with whom I huve and
nany ntinuinting dizcurddions whon he wig o rraduate student 2t
Culumbstn,

At the boginming of thoa aendomice yenr, ¥ went with Jamern Leael,
nofopnly bigYoriat, to vistit some blolopy laborialorfes in whaceh
Loach s v ke for Wig doprec at the Undvorsity of Pennay Tvan '
Lavdng 1ot vistt, I vont to tha phystolopy department wheese 3 med
N, C. Manatz, Qrott angd Y had o Yors tallk durinpg which he told wn
snout kolay 0f hie recont worls on touch vots and then about some o
rtod work by Dillnbaceh,  He wiy cxtrercely cordial and seonec hiovyy
Lo dlmcunn ponseey roneireh with a kindrod soul.,  In the course ol
tho dtoensoton, hs suspsstod that T oot a young Pluntsn=3wede foon
Fioluinslors named o ne Grangt who Jad Inst arsived tho year boeicre
to vork 4n the Johmaon Foundation for aadiceal Jhysies. (I latev
Tourned that Grindt had wvorked $n payehaolopy with Gelb before he .-
colvod Wie modical dopvee, )  he Johnson Foundation wis then hended
nned dirocted by Lotlov 5, oulk, who only rocently has retired as
Irosddant of tho RoclafsIlop Undvorsity and a fow yeiars carlicy oo
I'rosfdont of the Datdona) acadomy of Scieng:t,

AL ovy yrate, T woon wmed St and Bronk, and bhoth socmed happs
10 Lavo no work 4n 1L Jolbyeson Youndatlton whon my {iviceen-hour-u-o: |
Loivelidngs wehodnlo ot Tueaple vould alleow,  T'm afraid that T often
gpent wovo Lime at the Jobason Foundation fhan Y did @t Temple,
e wans pouible edinee my tuaching took pliace between 9 a.m.and nec -
five tays novwool,, Ny toaching of tour courses in Genepral Prychologr
and ona 4n Nencetdonal Peychotopy may have cuffored durdug this
roptee, but Dovion dld not cecm to think 3¢ vas totally lamen?able,
Al mbtd-youy he told wme that he would suppoert me for on additional
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voor Seownite tho fact thot the man I had repicced would v retuyin-
iz, Jy this time, howvovor, I hrd mace un my mind to anply again
for a ational “eceoarch ?é} Lowship so that I could spend full time
en oresearen at the Johnson Poundation. 1 was supnortcd in my

anplicution by Gronit, ”"onk, wnd Razett, 1 heard that I reccived
the fellowshin in “ebruary, 1227 and thereupon told Beciton that I

vould not bo at Thanile aootar Juno.

At Juast about thut time John Paurl Nafe was offered the chair-
mansh®t ol the paycholiory @anartnent at Washineton University, Sf:.
Louis, The deparmont at Clark tried ai first to renlace him with
supe well cstuablishod nevcholopists but soon gave un the search in
tha2 tace of a shoritoce of ferds that developed as the Deprescsion
pro ressed; taey ijnstond deeidad to Dind a junior staff memker and
offeree me the posivion, ¥ wvas, of cours~e, unable to accept the
Clark anpointment for 1$31-22, hovineg already accepted the KRC
fellovship as of Juty 1, 1971, Tho problom was resolved by making

myoappointment start os of July, 162%, Very importantly, it turnec
out that soune of the funds saved by this arrangemons could be used
to refurbish an! suonly 4ho2 Clarik labora atory during 1¢31-32 in
preparatico for my arrival,

Durini a3l the academic year 1930-31, I taught at Temple and
worsed with Graait at the Johnson foundation., The main result of
our research was o joiut panar involving 2 determination of criticnl
tlicker freaqueney under various conditions {Graham & Granit,1¢31),
Ve found that each of two adjacent semicirelos 2qual in area and
Tuminareo ives, in the prosence of tho other, o ceritical Trcquoncy
that s kicher than oithor one alone, Tho eoffeoct was interpreoiced
to renvesont 4 orocess of retinal sumnmatinig, ©Oun the othor handg,
vhon ihe bLuainance 22 eithor of the two is reduead (wliii» the other
rorcius the same), v erinicndl franu~ncy of the dimmer semicircic
1oocuseatially unchwr,ud iron itz vale2 alone,  The absence of
chrinpo in critie) Iroauancy unacr coaditions of diffcerant
Tominanens v fneerprsiod €0 moon remove) of swmniation by inhibi -
tilen oi the dim ooicireto by the bLrighter, “his tvoe of f‘ﬂding 1
v Lator expundes® by Tranit and nyseifl (individually and wiil
studcnts) in experinents on inhibition,

Lrte in nmy second seomontor ot the Johnson ronndation, Xoffer 3
Havtiae reinceacd Jvon a Liarve-year stuly ol physics 2t Baltimorce
and undich following; his nodicni dewren at Hopliins, Thus wore
Granit wnd Jariliuo, two faivrs Fonel 1ariveates, brourht toecother in
th~ ama lobovatory, Lao'in: frd dene o nmber of studic.. of ]
2loceroretinoy s an the v“r1?u~.gﬂ oyn, and (a foretaste «f Lis :
future raxsnereh) the e ol Tian: v, e horreshon exrad vhich 2u- 3
isted in profusion ut “ods lojo, I spent the summel of 1921 thore
vith Iyt line, Curing whlol timn o, witgh =om2 heln from B,
succezedad 1a recordinge imnulsos fron single fibers of the Limulng
optic nevve, thereby cxiab’ishiap it as the aimost perfeoct pProriva-

Suostentified nodels of photoreceptor activity 3
}

tica o which to togg
Lereline & Grahoam, 13207

In Septemper of 1977 wo wont back to ”hi"dmnlnu, and T ap=n%
o T ey antil June lorpely din learning some exporimeontal technigno :
crd prineinles of ocondipment desipn, 1 also aic morc work on riiciior.
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along the lines ol the cartior vork with Granit, This veric waz no
pubiished,

During this time thingc werz pregressing with the rofurbishing
of the laboratery ot Cilark. Cari Murchison, the chairmaa, teck o
nersonal interost in my plans, and spent a prreat deal of eoffors
supervising th2 construction of two larpge davk rooms, o« phoiogiab,ic
durk room, the installation of a direct curren: gencrator, and the
prchase of optical and electrical recording eguipment that T had
ordavoq,

CLARK

I returned to Clark in July of 1237 and spent a leisurely surmn.
rreparing thet laboratory and developing some new ogaipnent for wer's
ca flicker and tiarcchold stimuliation, Ny work hegan in carqneat i
Septencer with the teaching of a number ol courses, inciuding
General Psychology, Tuperimental Psycholouy, Scensory Psvcohology,
Selectad Advanced Topics, and a now coursce (based on work I had had
with ¥Frolcossor H. i, Jncobs, *nz general physiologist at Penrsyi-~
vieaia), Muntivetive Tveatment. This couvse was concerned with
curve iittinge, rates, and iutograls in problons wich physinlogpical
and psychological applicntiuns,

I soon becane cenzrosscd ir the work of sy students, who in thogo
days were cy¥ncocted to start worii on thoir M.id, theses well before
the Christmas after thelr arvival, I hogan working with Robort
Beitel, J. Roy Smlth (boih nf vher: latcr becasze phyeiciuns), Intoit
J. Brown, Harry Karn, aud %la’ne Fovasar, n the appyorimately ninc
months of their first ycur those noople had Lo earry oul a «hort
experinent, lceasu how to deveron equinnar’, ul subincte, ond writn
an ac L“p.“ble csoey.  The wvenefits ol this procedure would boceowu?
clenry in their third yoar vhen tkoey wovked on their . o,D, theser
and cioza in dhelir seeond yeaxr in time lef{t cver from FHudson cﬂm—

rchonsive course in physioiogy which all of them took,
fcptﬁmbbr, 193% Carl “rchison asked me to writo a chapioev
for his Hancheek of Goneral vrperimental Psychology in the boao thez
I might pryoduce a manuscript” that woulcd tike the place of tha ona o
e T, roiand, who hod reecntiy died. As it turred out, Trolund's
chapter was comn1“‘0c befoxre his death, and I wvote onc that did no’
rercat anv of his meterial, fly chapter, cntitlerd, "'Visien: Scno
neural correlations," (1234) pave an eariv state n"nt of a topic,
interaction, which hhs assuned n2w vitality in the Tast twenty yeoni,
anc which has been =hown to niay o particulorly imporiant role in
almost ail ityrnes of visuial procceses inclucding adantation, Thig
chapter and ny in“erest in this ieple probably iuflucncesd my studor
as three of them at this tiro ¢id theses on inweractlion,

¥,
te

—

Lorvin ligprs oentercd Tierk ar o stucent in 17233, and soon show: |
interests in lioe with my own, 2 pnt togothc“ an ampiificr and
string galvanometier (The oripinal vsed by 1illie for his ivon wile
nodel experimenis and 1ont to us by Iludson fioarland) with vhieh v
determined the white rut's rov Tuminositry cnweve (Graheom & Ui,
1-58), and luter, with Bivwoard Voop, a postdosioral student, the ro2
curve for the pigeon (Graha=u, Keno, & Diges, 1925),  foator, Lines
usca the omplificr-string solvinon:ceor couinhient to study the o linet
of preadaptation in the {rog circtrovetinorrin (1€7°7). h -
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showed that Kohlrausch's 2lcctrovetiuoprams of various shapes, whieh
he attribuied o coior visicn mocesses, could b2 reproduced by
chinges in intersity. in the same vear, Keffer Martline and I con-
pilcted resoarch on ihe luminnsity curve of Limulus (Graham & Fl“t"
lin», 12%5). ¥ comauted at irrepular intervals between Worcostor
and “hiladeinhlo in ordar to do ihis,

BROWN

(o TerS VUntter Huinter was invited to Brown University to becono
chadvan of psycho:opy after Loonard Carnichanl noved to Rochester.
wdward Hemp, who had spent the year 193%-%73 on an NRC Followsaip
with a1 5uelid Davie, had alrooady becn hiread by Carmichael and wis
at Drown in Sotembor when Huntor arrived, accempaniod by J. hicY.
Hunt, who had dust comnlatad an HRC Toilowship at Worcester State
Hosnital on’ taus wis woll koown to us at Ciark., With Hunter f.om
Clari wert junoa Yilloushby, in his role as nssocicte editor of
the abotrucso, and wysel?, newly appointed dssistans Professor at
Drovn,  arord Scualesberg and Ierbert Jasper woelcomad us on our
avrivol i Providencs, Aftor “he inevitable short neriod of adjusi-
nent, wr found oursclvesn at homne in Providence, As compared to
Clariz, the mrecte=t d:23larenc: iay in tie sizoe of thoe undergraduate
preciam, vhich at Clark awd boon auite small,  The program at Brouvn
had been devaloncd by Carmicnccl ond was quite popular., As 1
romember 1t, the firot y~ov course coninined about 530 students,
approxinately 130 Perbrolo v n wnd 525 Drowr men, 1 tanght
seetions of aboal 130 seie sow sanq men, oibors wonen., A rood
doal ol care was piven to thic )Ul,v, and 1 found that T had to =iy
attention to ny teoachiag i a wiy thit I never had to bhefore, The
othoer courses §opova Lt Brown voere seminars, rainly en topics

Simitor Lo thosa 1T had ¢ivoa at Clovk, with the addition o7 a
ceursir of a cviotenme e and thcor:t1ua1 sort.

Ouce the insiruciiona! prosram was under way, wo wore ready to
OTEFANLAN our Vsl b, Aema wnd I (Granham & Kemp, 193%45) boson sonoe
worls 2alen s l1ives doveloned at Clark in an sarlicer study of acuitg.
The investiration was concerrned witk the influence of (ta Cu=-
rotion ( Y of the intousity increcment (1) in brighiness u1ﬂ;rim;~
ni1tion, —Ine durations used extended fron Lo 2 to 509 msecc. The

coreral findings mer be symbolized by the relaticen I - = cf (1}
JTor a valee of caa1ler than o ceritical duration _c and ny the
rolation I, TU = £ (1) for values of  c¢aoual to or greatar thaa

¢. In thieT orna7ions i reprosoats prevailing intensity and the
torn £ (7)) may i tuken an onual to an exprescion in Jlhcht's
Lrirhtness olecrinine tion cquavion.

his =Lty wos Lanoviant Lacauss it nropouced & theoretical for-
1 L lwo cifects, bBrugbhituess disevindaation and its donen-
donen o the duration of {lash diioremcat as desceriboed by the Bunsoere-
Roccar law of photochemigiry,

ucips these enxrly yoors at Browvn, 1 had the pleasvee of workir:
vith ov knowing mony stuGeud . vho latny beeame well known poyveno” c-
ciate; Pobert Goarme, Wed! avtlotd, Frei Giote, William Verplaack,
i ere 4 ol lor, Charles Uoler, el Ciuger, ana Jorker Jooanson,
irt e, Toownorvments o 03 in tho running belitvior
ol toe Whiite rat (Crahoua & Geone, 1919), a project on which [ »ad
modo nirclininary abosre: tions hoafors Joavive Thnvk

on ol oeis
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With Fred ilote and Hob Brown (who came for a summer from Clayi)
I worked on the aren-inftorzity probleom in vision (Graham, Broeown, &
Mote, 1932)., Our formu:aiion attcoupied 1o show why the intonsily
threshold in both the tovea and perinholy decreases  as stimnlus
area increouases accoiding to o sule ivvolvirng the ianteoration ol
elemental excitntory phroecesscs, Thne experinant accounis for tac
manner in which photochcmical And interactilon process.s comivine 1o
p.odict tie ohserved trade-off relation oxisting between arca and
itulensity at th‘»uhold

The vears ot Brown fron 1626 to 1940 were some of the happiest
of my 1ifc. The members of the siafy included Donald Lindslcy who
cumc in 1938 to succecd Herbert Jasper after the latoer went to
¥oiutreal, Carl Prfafiman who came from the Jolinson Foundation in
1246, and lLorrin Riggs who tock a year's leave of absence from the
Unlv‘f‘iiy of Vermont in 19382, During that year Rigees and I vorhked
on Limulus, Ia 5941 he cane back to EBrown iov further experiment:
on Limuluz and staved there on NDEC work unti) his anpeininoni in
1945 to succoed ne,  The Drown psychologists were an unusually
compatiile group, Zach wenbor strowed interest aot only in his own
area, but zlso in oth.r fields, thereby producing a broad spectrun
of scicentific tustes,

The 1920's passed into the 43's and broveht’ with them Werla Vav
11, first signalled by Munich, and then the Fall of France and tre
Battle of Britain By this time America started to bestir hars2ly
and anong the {irst zetivities *Hwt took place wias the emorprence of
the llational RDefernse Reccaveh Ceomultion (NDRC) orpanized ws part
of the Office of Scicentific Reue rch and Lovelopnent (DSRD) under

Vanuovar Bush to mobilize thc sblen111 ¢ talent of the inited Sioton
for work on projectn r2lat:d to delonse, Psvcecholopr was late in
being renresented., In 1347 the Comnittcoe on fervice Personnel-
Selection ond Trodining was formed vhder the Psychology Hection of
the Natiseal Resenvch Councii, of which Loonurd Citmichael was then
chatrman, Johu Stulmuicor became the Committece chairmwn, and pro-
jeots wore d2velared in bronches or the armed sorvices. The
Committee =oon rave way to the applied Psychology Pencel of HDHIRC,

The orpanization and work of the early Cormittee has been summarizod
by Dray (12427 3n his account of the work of the Applied Psychology
Pancl as the lactor develoned with enlarged merbership under Valte:
Funtey ai Chictl. The memboers of the DPanul sorved as sun2rvyvisors,
administrators, -nd rescarch personncel., My role on the Mansl vas
mainly in prograirs reiating to the control of punfive, in which I
wvas b’y sidod by sceveral other psychologrists, in porticular, VW, 7,
Kappuut, V. G, Lrogdoen, William Siel, ond Denaglas Bteen,  Tn
addition to the worlk or gunfire coutroi, I sup2rvised 1the develop-

ment of a Personal Inventory, set up with n.ltﬂl Shinicy, o a do-
vice for seloceting emotionally unstable personnel in various tvnos
of nilitary activities. Tho inventery was used to cexpedite the
vorl: of psycatatrisis in selecting recruits ot Newport Havad) Tradip--
ing Stetion and clscewhere as w2ll as submarines at 'ow Lordon,

The worlt on the Porsonal Irventory miy ove sorelining to ay
expriicac? in nsychounialysis {or a nunbeir of years {following 17335,

I shall not attemnt to cvaluaive in deinildl the offcct of psycio-
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anilysis on me, 1 cuoppose that a nmajor effcet was that I becawn
less obsessed with it as I progressod in the program, In any caso.
it is of intcrest that I, a psvelophysiologist, should feel that
the problem of motiocnnl stability sbould bz at least minimally 3
examined at a time when psychologists in the area of selection and
nsychometrics (olt thut this aparoach promisad littie, In fact, it
turned ovl hettor ia the military situation than had boeen erpeciced,
vrothlr hecause nen could cexpress their affects nmore freely than :
uw=sual and micht gain cocondury benefits by so doing.

7o ofivet oxperieonca with work under NDRC sponsorship had begon
carlier in the spring of 1941 when I bepan reszarch under Division
7, the {ire coairol division, on problmes of hoight finder and bi-
nocular raaeco findey operations., I continued work on problems of
the binocu'aar ronge findcsr until 1615, although afteor 1942 this ia-
strunert assuirod o largely standby role ier radar, wNevertheicess, E
Division 7 felt thut work on it should continue,

il

ty exneriencoe «ithh vnr rescarcn acouainted me with severnl now
areas ol activity. Lainly, Y learred about a larger thar usudl
research corganization and tlo probvlens arising therein. For o pering
at Browvn I administiorod o paoagran that had about 150 psychologis s
ond technicicns in projects ut about twelve widely separated estab-
lishricnts.

il
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A nuxber of graduate studerts at Brown participoated in NDRC wotl,
Among thoem wera Richard Rorry, Fichavd Plackwoll, Corrad Mucller,
Richard Solomon, %Tliot Sicllav, oad som: of tihose rentionad earlicr
w0 had ty tnis timoe reccived their dejrees:; Bartletd, liote, and :
Voarplanex. dosi of theso participated for cno, two, or threce vooy: ’
at nost, ey were oventually talken into the Armed Forces or move! '
to H.omr projocts ©s nnods fov enperimental persanno) develorad,
Finally dinp 1645 V-8 day arrived ard then in August come -2 duy
followiryg th> explozion of the atomic bonb,

in January of 1943 I had been approached by dienry Garvetrt of
Colviia who sounded m2 out on the possibility of my going te Now
Yort ia foptoseor, Y discussed the prospoct with Walter lHuntor,and
he and T frodliy as--22d that I shonld probably move. 1 very much
rearetted lToaving Drowr, but it seemed that a4 move would be for re,
as for rany othor psveholorists, an inevitable consequence of the
drrand {or now necsonnel afier the wiar, Huntor lnew what was goinc
to happen, Widthin a yoav Telioving +thz end of hostilities, he sow
the departoont vhiech he hod bhajlt after IC53 dispersed., Donald
Lindsley, J, ey, T'aai, @wnd I moved to other posts, as did Stanley
Williaw o wio hid been ot Beown for a short tivoe early in the war,
I wvas happy to koow that Corvin Higes woul:dl continue ot Nrova aite -
Liis T5WC work., Today only he romains {rom the group that was at
Drown in the H0'¢ and 0=, llunter liked to say that he never ro-
rretind ceoeing a gend men Leave him to ‘ake on a job with preater
eanoasibility, Lo foit thot both psychology and the man would
Len-fit from the c¢hang~: ond as for hince!f, while he might have
personal rogrots, his najor coucern wias the velfare of scionce,

e et o W L Nl s,

oy of us vhe had Jo0t Drown at that tiae wvere rounited o tlon
¢odicatinn of the Weltor S, 'untor Laboratory of Psycholesy in 10750
vhon bonorary deprees were awnrdoed to Hunt, Lindsloey, and myani s
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When I arrived at Colus “o, Voulwerch had just resired, and I
began tcaching tthe Advie @ o nerimcatal course that Lo had been
associated with Zor man zacr, Y cwohasces were Iavegely ob 1the
topics of secnsation ang perception tonethoer with excursions into
such systematic, thecoreti-ul, ound nir toricuel treatments as contered
around them. In w vord, tio Zooles that interesied oy s o priQuae”
student still intcrestcd me. 1 also dealt for a short time wih
some aspeets of learnine, luat beocanse this topic  was covered ox-
tonsively by vired Zolior and Nat Schoenfeld, T folt theirs was iinte
n2zd for it ia iy coursea,

Ta Septontoy, 1215 Lhe members of thoe staffl consisted of Garraty
as chaierwn, Poffenberger, Landic, Warden, iieller, Klinobori: (who
was on leave of absence in Brazil), and Schoenfold.,  Othovs vers on
appointmont in Gencral Studics, including Voodworth wvho continucc
to leciture to large c¢lasses in his two fanous courses, ChHntenmporary
Schools of Psycholegy and Dynamic Psychology.

There were very few graduate siudents at Columbia in 1745, bu
the post-vnr influx started with a vengeance in 19435, Thereciter,
for about five yeurs I had what I thought was a large number of
students, as wmany 4g eight or ter woriingg on doctoritl theses ac any
civen time, Otler members of ihe stofi also hadl moroe than the
usual numbar. Lihe namber of students per staff momber has decrorne
since those days bocause of fewer enteriang students and also lary or
staffs.

Gy own and my students' roscarch was well supported, At Tho
time of $nYig Jlocht's cdeath in 1947 (¢he cnt of the ycar in which Lo
and 1 enjcrad giving a scoaiver togethor),the University alloved re
to tranzfor the caui=rrent of Tnch®'s Tasoratory Lo peychologv, opa
€0 we canr. into noseoncics o, some historicaliy important as wnll
as uselful equipment (the Nooit=Calaer-Pirenne monochroindtor uscd o n
the rescarcn oa ounntum roquiremonts ot threshold, tice Shlaer acuitr
apprrietus, the Hocht-Shlaor adipteaeter, snd other valuablo couip-
ment). The Office of Naval Do=ecsren hs supported my activities
trom 1947 to tho presone. I shall not say thet our funds were cver
large. 7or cxample, until 1068 IR funds never cxe-eded “26,000 n
your, and this ficure included part of Yun Jisia':s salary, an amoount
that was supplernnntod by a lectureship in General Studiecs, I'sin,
Voodworth Ph,.D.who had done postdoctoral work with Hecht, vas iy
collcague for 21 years, from 1947 until his death in 1963, Yhea iv
came to color vision, his contribution to students and collahorators;
was greac. He bas bean greatly missed at Columbia,

Sturting about 194, Ksia and I porformed a number of cxnerim:n o
on no—mal and color bliad individuals, Thes» studies we believed
cstnblished some new facts, purticularly as reloted te luminosits

i.e,, speetral brightness) functiors, The first or the seriecs in-
volvinpg (oferminationsz of grantal cnergies wes porformed on severa,
normal subjects (I'sia & Graham, 195%). 7Tho rosults showed that
luminosity is at a maximum near 559 nim with the data showing decros
ing values into tho oxtromes of the spocetrum aloarn cirves that
cnow.d variations in structure, In particuluay, thoy <howed o waell
nu.ked deprossion near 450 nnoand o smaller one poar (el nm,  Choene

dopicunions were diken to reprecent procoesses attributible 1o oo
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fundamentals,

Another scriecs of oroorinents (Lsia & Grahom, 1956) was por-
formed on color blind selgjoectn undor cenditions identical with fheso
used on the normal suojccis., “he c¢olor blind osroup consistoed of fw~
clusses of dlchrownts, protanchres sad deuterinopes, individeals who
can matceh anv socetrai Lol o b oo nixture of two primaries. 48
comnarced with 1.2 normal subjecis, thoe protancpes showed a legss of
iuainosity in the e, i copirast with sore pravious intevprvo-
tutions bui in conforuity with cariicy estimotes by Heceht and Heia,
five of six deuteranopes showed a 1oss of liminesity in the gveen,
The ianiiertinns of this finding are imporviant and will be dis-
eusSsrd ~a ceanaction with our work on a unilateral dichromatl,

\

aVOUTy vania ut Baraard College (Graham, Cperting, lsia, &
Coul.on, 1051) was yound to have trichromatic, probably novmal,
vision in oy eye, and dichromutic vision in the other. Such 2
subiret, relforved 1o os unilaterally dichromatic, is very rare,
Althonely ahout “cu Lhuve boon studicd with come prolit in the 1ast
hundred yoars, the ftechnical methods and cnuipnent used have not
ntd2 possible donoaoable clussificaticons in most caRor . In odditior
the {wect oot the subizots could not e observoa over sufficient
rrriods of time nrocluded extensivoe analysesi,  Annlysis of unilaver:i
2508 Of color blindncss is irportant 1o color thcorv, because Gt
Is only in the oo of the unilatorally c¢oloc blind person that onn
¢ inter vhat ecolors o coley bLiind person may sce in torms ol
rormat vaision,

Uria otnd T (Groham B oPsia. 2952) examlined absolute luninosity
Lor Liis «abieet who had Seicararctic visien in her ripht oye and
dichromatic vi-ion in ber 1.4, and found that her right cye was

coxaidorahly .

> blury sand eyeea than thz color
bring eyer boti oycs =201 -4 to be oquntly sensitive o the red.

R DA I IR AL P AT

Ancrher natteor of thoesspde Importance cencernsd the cnlors
~n 7 thiis o subjeel dn v gdichroaniic un cortrasted with haor
trichveantic vy, A0 CopevitomL o bhinocular color-mnlching vas
nevforacd and the “esulis “wdicwted viat the subjrcet gaw only tun
huos in hier diclvonctio cval, She matobod al) wavrlenpting pyoatar
thin her nontrar pesnt (oo wavoelength scen as white ot about 02
nal by coyellow of aoout 370 um scoen inp the trichromatic cyo, Sho
miiched viivalentth - cirorter 1han the neustra” point by a blue of
about ) na oseea in the frichiromatic oue, :

The faeis - {ar decerited ruise an iLaportant theorcticnl sroh-
et Tor alchyone tic theory: fiow can that cye sece yollow 1f consi-
Tivity to prreos de lest, oithor toLally or to a major oxtonty Ty
addition, one rnicht arl advout the moclhanism by wiidch a sincsle hae
off Llue is quon Lo o5t wiavalonethe shortcr than the n~utral noincg,
Sothing w1 by cudd anor £ the lattor aucstion, but the wroolem of
veilor pust L considere: !

Lot 1t he cupmoaad tisat in deuteranonis, for example, the sub-
Jeali s usund rod rocoptors hocowms attached 1o cells thas sirnn)
ceontval veljoew, whido {ho eroen receptors sipnal & similar yellow,
Tat net resalt o of this orrangrenent is that either rod or rOoNn Wiy
Tenctn stinsdation will bo soon as yvellow, ‘(i precise rocif cug~
it in 1ho aboovration sroclra of recoptors that are roquire:s
eopronriae Tosscs Gre yors iy suecifabie,  Purther work on

i
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spectral brightness matching and fliclker was performed by "‘-)-2:1 ARSI
in collaboration with Hsia and mc (Bergesr, Graham, & Hsin, 1 )

l

About ten vears after the work on dichromats and the anti Pl tor -
ally riichromatic S‘lej(,‘(:t, Haina and I nartic lpatn(] in an ox n(\l‘f!.f‘l“,
with Harris Ripps and lrwin Sizpget (Slcgel, Grohan, Nipps, & :
1658), two [ormwer Columbia stua. ris who arc now respryel seientialns
in tho Lal.cratory of Ophtlalmotogy atl Kew ¥ork Universiowv hecical
Ceutoer, The young woman oa whem wze made determionticns had been
previously studied by Villiam fusnton ol Canbi idpge Unlversi
he was iu the United States at NI, Rushiton demcenstvated ©
subject wus totully colcer blind ot low pihotopic luminances; thu«, 1t

—

' 1,0 % .
v, wlhils

was n:eosumed that she exhibited excluuively rod-type vision, in
: fact, Rushton demcnstrat~d « single type of dark adapliotion curve
} representing rod function. Ouvr cxaminntion ol the subject showed

that although her viscion wus lotally color lend at low photeple
luninances, hoer roacsults on the Farncweorth test showed that she had
a tritan gefoct (U"blus biindaces') whleh was superimposed o a
goncialized reduction ol cone sencitivity, This duvvestigation wos
imnortont in showinge how an almost totally color hiind subiicct may
show somy degroe of dichronatic oflioct (in this ease, ootritan
defeet) aparnst a baclkgrouad of reduced cone scnsltivit_.

The last study on which llsia and 1 collaboraind (Grohoam & Gisia
1339) wns cne oh the fovenl achromatic interval, the difference
betwcen the lepgaritions of the foveal chroiratic and achromatic
] thresholds, %e found that the curve for th2 chrematic thresholc
has the form of a curve of colorimetric purity as a function ol
) vavelongth, that is, 1t is the reciprocal of & satnration curve; it
' o905 not have the torm of a luminosity function. The curve foir viv
B coliromu tic threshold ig below and shancd differently frow the cliive

for a2 eromaZic threshold,

I1 {s pointed ot thit colorimetvic-purity ihresholds and

choonitic thresholds scem Yoih to Lo reciproead meiasuvres of rafuv-
ration., Cirometic thrrosholds may have an covantope in ostimeling:
saturation brasuse thoy do not involve a physical nixinve of cotor
with white., 2hiz i3 not to say that an achvoemalic componon, (vlitn)
3 is not involvoed: ihe chiromatiec and achromatic camponenis are

s intrinsic.

Since doectoral theses of craduate strdents ofton mirror the .-
teresis of the sponsor, 16 s probably net suvprising thuat ceveral
of my students have pvrfovw*d cxporimcn’F in color, amon: the:o
are Shamantala Bularimeo, vhe ccilaborated with Hoda and o
(Baluraman, Craham, & .icie, (9.0) on sono oxuerimeats and vrote wn
historical sccoun® oi color Limndacus (i6€5%2), Alceza Boare (17353)
who porforicd some sanovtant crperincats oa color namine , Lnd Join
Follock (V9%¢) who cdozorndead hunan Dadinosity curves by moans of
4 roaction-time stu-dy thol was ¢o-snoncord by W, .7, HSIED BB AN
Gerald Howett and Cory Vomemtri have continaed tlh'i)' intorest #n
vislon by workl.a; for wmray years in color at the Hational Burenn
ol “tundards,

Chese oxperlaonts on color by students may bo taken to SRR VIR
trate o opriuciple that 7 have adhered io in puidling ~tudrnt:

Quvisyc thoe initial siag, 28 of a doctoral nrojoct. o far s Uoceeasr T
Yiraet Zhe cholee of thesis subject, 1 tricd 1o corn to som spree
pent with the siudent on & topic that micht he in fact an fves
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duction to a nrogram of Tosourelh in which one sepinent wouid lead to
another. I have found +thet most students coon get intervested in
thoir topic and very ofi~n Faliow it inteazively with uscfui,
sometimos iwportant, vrosu

1 have sometines taoupht thav I have not followed ny precepis in
my own rosexrceh, P4 is true thot T have conceorned mrsclf with
visien wud visual pove:ptlon, but it is clear that witnin ny chosen
fin1la T bhave talion part in a corsidacable variety of cxperiments
rongine from clectrica) recording to worik on ner:epiion of the Ames
vielow,  The work with Yun Hsia on color vision took place at
Columbia 11rom 10:2 te 12368, and a different set of studies tcok
nlace followiilp tiue paths laid down in my work with Granii and in
th> woavl. by myectf and students at Clark ard Brown, the lattoer
expavinents involved nrimarily sucu topice as interiaction and
various psvchophvsieni parameters of visaal discrimination. I have
in mind sSica ewncriments as the one at Clark with Carolyn Cook
(Grihum & Cooi, 1957) on intensity~time paraneters of acuity anc
the study with Xemp ai Brown on intensity-tine rolations in bright-
ness discrimination (Graham & Kewp, 19308). an experiment of the
sane sort iz 1ha one by Grabam, Brown. and ilote (163S) on the arca-
intensity relation, aiso done at Brown, Such cxperiments are im-
portant because they cenl with essential variables that thecory
shoulr aceount for., A% Cclumbia, I parileipatcd in two cuperinzuts
that had some of the ehaructesistics of the studies at Clark ana
Brown, ihe first o study ia ¢ark adaptation with John L. Brovn,
Poward Lanken, and flersche’. Loibowitsz (Drown, Gratam, Leibowitz,
& Rankoen, 12%5),

Luminance throsholds for the visnal resoluticn of varlous widing
oif alternating light aad <dark Tines vere deternined a@ various
timns in the dari, 980 funosi gootings, roosresenting hieh doorces
ol visuual acuity, &0 amd only 4 SisEie GONe curve that droprec
auicklv feom a hioh Yuovivonce ihi-eshold durding the first monents
of davk adaptacion o a final gleady Tuzvel, Ceavse sratingegs piro-
Gucnsd a dunlox cusve hat showed an inditisl cone porvion and o
delaved rod portisn.  the hipher the critericn for degree of
recolution, th2e Lijghar the dork adapt:ation threshold,

An inloresting cuneriment on paramcters of brightress discrim-
ination with wiivticuiar raference to interaction was periormacd by
Thilbara Ratoosh and me (Frtoosh & Graham, 1253).  The experiment
ansedntos siudies on the excitatory and inhibitovy interactions of
adaniation stinuli, & mwroblem that has roceived considerable
citention 1n receni etectrical) recording work on lower animals
as ovell o asoin recent paychophysicnl cxporviments

e atudiod the ¢ffect on foveal brightnoss discrimination of
chonres Jn the dimiors of the tost- (2I) oad adapting=- (L)
ficetds,  With resncetl to the effocts of aven, two findirps Cmoerond
fron ho yoeuitss (w) Lor a privon bhrightness and constant tost-
firtl size, br!phtness discrimination inproves as the sise of the
aduntins-arou incersasca: and (b)) for a piven brighiness and con -
sttt verpline=icld aren ) brishiiness discerimination improves as
Lo i af 1hs tost=field incereasces untii tn optimal size of <«
9010 i altatnod horond sico, on incrcasce in the sizoe
iagt~ryieYld may yasultoin ool »ovaings of Vieber's fraction, <l
An antoraction hvpo'leoesis wis advanced that secemed to account 1o
the cifocetys of arca andg fvainancs in this cxperiment,

it
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My graduate students perforiled a considerable numher of cxneri-
ments on psychophysical paramcters. Amcig the group vore Leonard
Diamond (1983) who workad on contrast, Celeste HeTolloch (1987)
on Iach bands, Howard Baker (1948) on light adaptation, Robert
Lervick (1956) on iutensity discrimiunztion, John Coulsoa on
Fechner's Paradox (unpublished), Joel Poorny (18538) on acuityv,
biunehira Akita (1954) with Hsia and me on color contrast, Gecorpge
herr on aculty and several others, Conrad Mhieller (19451) indonon-
deptly examined some implicatinus of Poicson distributions nf in-
cremcuts in luminances for brightness discrimination.

Qther exacriments by students produced useful data oa space and
moverent. I nave in mind, for example, an erpevineri by Ilarence
Veniar (1943} on the just discriminable distortion of roctangular
figures, vhich gave the unusual result that, for this cort of
shape discrimination, Weber's law holds over the tontal large range
of prevailing stimuius dimcensions investigated.

Another area of interest was investigated by Zlaine Hammer (124°)
to vhom I have beon happily married sivte 1546, Her thesis on
temporal iniluences on firural aftev-cifocts studied their develor-
rment as a function of cxnosuvre duration of an inspectinn {figurc a .d
their deecay as o functicn ol the time intorval between the preson-
tation of inspection and 42t Iigures.

I first became in'erested in noversn* diserimination after Worid
War 11, when I felt that data on threshelds Jor monocular movemant
parallax were badly ncedcd, ionocular movement parallax is «

strong and bagic cue for deptix., WVhen a huaan being who is moving
through space fizates an object that iz not moviny, a changing
difference augle crists boitweon 1he linzcs of sirat to the Jixatesd
object and anothor obizet. If obiccts in the environment move vwhile
th2 observer's cve remiins motionless, u comparable cendition of
changiay diflevencs angle coxists to the principal line of sight.

Ve da2termined the thresliold monogular movement parallax (i.c.,
differential angular velocity) us a function of the prevailing va‘“o
of stimulus movoment in the subjeet's frontai rlane (Grabom, Dadoer,
Hochit, & Lloyd, 1912), The subject was instructed, oxcept under
certain condivions, to follow with one c¢ye the movements of stimuli,
C.fm., two vertical ncedles, and to fixate the small region of
separation hetween them, With his eye following the novenent of the
needles, the adjustod “he Jower ncedle until the two ncedles
appoiared to be in the same frontai plane.

The threshold differentiul augular velocity varsed with back-
ground luminance, with the rate of the provailing standard needlo
movemoent, ang with tho visuad axis of movement, It i« surecly fruc
that small differonces in ancvular velocity may be discriminated:
thresholds are of the order of 30 to S92 woc of arc/sec. It is of
grcat interest thot discerimivation of sprce by monocular movement
parallax can he made in any axiz of vision, whoereas stereosconic
vision occurs only for conditions ol disnarity in the horizontal
axis. Similar results wore ovliinod by @ nethod dirceted tow.rd
another objective by Auberi (i3073) and by my formesis student
Father Richbard Zegers (1¢43),




Ll 0

T B B S - p—

-~ 17 =~

he circunstances in nature to which ditterential movoment Jdis-
crimination avply are, of course, manifold, A differentinl angulav
volocity exdets, for oxampic, velween any piir of arbitrarily so-
Tected notutys on o moving objrct cvory time that object chappes ivs
ericutation in soace. A strikiog nanifoestation of tho efleet i
exenpli floed An dmet votatinge tropzoid window, ‘the trapezeoid win-
dov consisls of o flat surface cut out of wood or metal, paintad to
resomible 4 window with {ts pancs of plagyg and oifher characteristic
teaturven,  Gone sido of the window {5 larprer in the verticeal dimen-
sjon vhea {he othor,  C‘the windovw rotates at & constant rate aboui i
point 1hat 1y nosrer $he short end Lhan tho long ond., Ar the sub =
Ject Wonks at the window he ob arves that instead of scoming to
rotate An oa cirele about the coater of rotation, the window appears
o ouned)late bick and forth, contoring obout the pospendiculay to
tiio frontal plane,

e stimutur condttions proviadingr this type of apporent move-
nent have beon dtncussed Ly mo (P9369)in torms of an analynia bhasod
on tuo types of cuos: (1Y th e Qdifforential angulary velocitics suba-
toended it the eyo ol tho saubject by eciaetod poinis on tho surfaco
of the window, and (2Y Thioay perapoctive provided by tho Jonr and
shovrt vorticel atden T1 hig hoen whown (theta) that the anpgnalar
dirlerentind vogocity d.7 0f  at the oye {5, for counterclochkwsse
roiyiton, nepative for coriain posttionn of the potats belhifnd tha
rrontul plane and positive for approorlitely disposod points in
front of the frontial plance, In consoquoace of these conditions, tho
subdoet cannot ol wiether tio poltts on tha window arc aonprocchine
hin du tront ol the front.l plaro or povine wway from hiim behipe 41,
Undor theao efreumstancos, how doos tho subjuct soo the movemant o)
the wyeoo Ghe apneer 4 that he sesotver. the anbtputty of nove-
Wolie pvra b Yax cacr by dapondinge on perspretive cnes,  dha o nhiort osbc
peectd Lo move ot by toward and weay trom the subdoct hohind
the fromial polanag with o prrtodie ouelileting motton over an oanpuls .,
anp coaverapbng T8 hehiind tho fyoptal plane,  Tho Yonpe enhd seom:
to movee dna core i blo manney 1n front of the trontal plance,  Cihug,
the osct ) ot ion scon Lo be i movenont throuph noiorly hatt o ¢irels
and uorotura ab oo rata which {n tho rate of physical reotation,

In o rvoeont ntody, my eollonpae Barbaric G11Lam and 1 (Grahan &
Gillam, 19700, totod tho Y ary that roversils tn the Ames widow
are the onteoms of w reaslovdon of nmbdpuous df tferontia) anpultey
votoetly curs by Dl poareocebtye ciige, A parallel projoction of
the vindow on v o0 1 ol s reon wis unod s tho stimulun,  Ouv
FUbccts dilmont Glwa iy 3 pos ot teo anmirent Yovsykia ls per rotation,
Tho vhiort vorticad sdde of Athe Pipase e always upnivrontly {u fron;
ol 1he Yong vertien' s, thar o ronnlts wore Jntorpretod to b Ap
Tiny with, thooratteed cypoestat pons,

Other wort on vardots ann els of ripace and movoment hag been
carry cdoont by my Forme s o studes vae AYIred LG (1949) who ntudiod
thoy Jalfrteh offc et coatinedvely wtarting with his doctor's thostis,
Vivhmne “mith (1959 who gtodiced fusion porception for parts of o
R Y e, Tohn Fotoy (1900) who worked on the Janeberp thoory of
e ot bon g and bavtd glndoyason (Y970) who porformed a
drmensSonal bualysls o of the throshold sttmulus For motion
diccevininatton,

-
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Visual movoment is @ discrimination which, 1if onc is to judge
by the results of elecirical recording studies, exhibits claborate
and complex types of ncural interaction phenomena, especially of an
inhibitory nature, This typ2 of mechanism seems to provide the
basis for the directional sensitivity shown by certain cells of the
retina (Barlow & Hill, 1953),

Barbara lates, a former studnet, and I have reported (iates &
Graham, 1270) ncw data on the velocity threshold for real movement.
As the length of a narrow stimulus object increascd, width remaining
constant, we found that the velocity threshold also increascca. These
findings were discussed in relation to some psychophysical cxperi-
mcnts by Diamond on brightness contrast, where it was shown that
thie diaming by contrast (with an inducing field of higher luminanco)
of a test ficld was a fuanction of length of an inducing ficld of
censtant width,

The effect of stimulus length on threshold is analegous to the
findings of Barlow and Lovick (1965) on the effect of size on
motion, Theoy say, "If the imapge of a moving object spreads out-
eide tho receptive field onto its surround there are fewer impulses
than when 1t 1s confired to the receptive field alone. This nust
be the inhibitory mechunism that clevates the threshold for large
comparcd with small spots and it is presumably different from the
inhibition responsible for sequence discrimination.” From this
point of viow, then, the loiror stimulus line should provide a
higher threshold than does the short stinulus line, One possibility
concerning this relationship was supgested in my Tillyer Medal
address at the Opticol Society in 1923: "Increasing the size of
bright objeet on 4 darker background 2t prevailing low rates in-
c¢reases,, . the rate throshold, ‘hiis may mean that an increase in
lenpzth of the movire <tinulus orovides, over its length and in 2d-
Jacent unstimulated areas (particularly at the leading and trailing
cdpes), 2 change (in interaction effects). The effect a (riven
(contour) point i3, presumably, incrcased (or decreased, dencnding
on contrast relations) by virtue of the greater number of converyg-
ing units that exist with longer lengths of stimuli than with
shorter, "

HUEORETICAL FORMULATIONS

From my days as a graduiate student, theoreticai and systematic
problems have played an important role in my thoughts about
nsychology. Tho article, "Psychophysics and behavior,” (1934) pub-
lishod while I was at Clark, (but first formulated in 1932 while I
vas at the Johrion Poundation) served as the introduction to a
number of articles concerning the ficld of perception and its
sipecification as an area of objective psycholopgy. At Columbia 1
published thce sccond article of this sort, entitled, "Behavior,
perception, and the psychonhysical methods' (1.950). after the
latter came out, I gave an invited paper at an APA symposium in
which I attempted to intorpret the systematic status of some recent
axperiment in terms of forqulations given in the two papers (12252),
T chose to discuss Kohler's cxperiments on fipural after-cffects,
Bruner's c¢xperiments on cstimates of the value of coins, and
Lunceberg's theory of non-kuciidean space. In my treatment I re-
visoed some terms that often implicd aphenomenotiogical context anea

L
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attempted to recast them in an objective formulation, It became
clear to me after reviewing the papers mentioned that a more
elaborate account of the:: (and the systomatic discussion that
appeared in short form in my chapter in Stevens' Handbook, 1951)
would be required to do even iaporozimate justice to @ formulation of
perception in an objective revchologry. I took advantape of my presi-
dential address at the Eastosn Psychological Association meeting in
1585 {0 discuss the topic, ""Sensation and perception in an ob-
Jeetive psycholosy™ (1053). In this paper I tried to give a
broadenrd account of the psychophysical experiment, discussing it in
wider terms than the usual methods of censtant stimuli, limits, and
adjustment, 1 considered, for example, an experiment cn color
namine clas=sifiable as a psychophysicali investigation, I also tricd
to pive a treatment of introspection as it contrasts with the usual
nsychophysical experiment, Other aspects of the discussion con-~
cernad specifiable differeonces that underlie sensation as contrast-
ed with perception, Surely, I decided, no operational difference
exists between the naturcs of the two., aAs for differences which
concern matters of definition and specification, that may be another
story, It would secm that elements may bz included in cither class
on the basis of whatever criteria are justifiable; however, some
empirical basis must underliie the catuloging,

It is probable that little more need now be said concerning my
thoughts about nercertien in an objective psychology. A number of
additionil treatments have becen offered on other aspects of this
tonic, but they will not be sunmarized hare, It is sufficient to
say, I think, that the field of perception may become co-extensive
with nsychology, and the ficld of ohjective psychology can, at least
symbolically, become co-extensive with perception, in terms of the
stimulus-response foriulation R = £ (a,b,.,.n,...t,...x,y,2), wherc
R is response, the tirst i1ottcTs of the alphabet Tefer to stimulus
variables, the last letters to conditions of the organism, and n
and t refer to numher and time, respectively.

JAPAD

My two most noteworthy travel experiences in connection with
psychology bhegan in the same vear, 13982, in the sunlicr of that
year, I was invited by the University of illinois to participate in
its Program in Amorican Studics at the University of Kyoto, spon-
sorcd by the Pockefeller Foundation, Five of us left San Francisco
for Kyoto in carily August and returned seven weeks later having
participated in a program of studics desipgned to present examples of
Americuan pregrams in various fizlds: Political Scicnce; American
L.teraturc; Education; Economics; and Experimental Psychology. 1
was very fortunate to concduct a seminar with a group of youiy
psycholarizts who variod in acacdemic rank from instructor to
associtte professor and were assembled from the major universitien
of Japan, Senior professors also attended freaquently. We took up
mainly topi~s of vision, visual percention, and conditioning. 1
soon found out that my main contribution was in discussions of sen-
sation, In other arveons, particularly perception, the Japarcoe par-
ticiponts, with the'r extonsive acpuaintance with the German
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literature, eshibited 2 very cloar .nd knowlodpgeable hackoround.
They were well versed in conditloning and our sessions consisiod

of lively exchanges of vizawn, 7The sceminars provided a warm ane
pizasant interlude on boath sices and the feeling of mutual good
followship has lastecd teo the mrosent time, I have preciod a nunbol
of Janancse professors at Columiia for stavs of two dayus up to o
year, I marticulzrly romemboi the visit of ©rofessor nwotolmwt of
Tolhioku University for s month., I have & warm p ace in my heavi for
o2 younzer man: Professors Intiow of Yeio, Cyama ol Chiba, ard
£tita of Kyoto Technical University, I was glad to introduce ¥Pro-
{¢ss00 Indow  to Trofossor ftevens at Harvard and they hadg a
profitable and nleasant threc years together. DProfessor Cyan's
work iz known in the american literature, and he spent a year at
Cclumbia, where the elegance of his exporiments inmpressed us alil,
frofessor Akita spent four years as a student and post-graduate
fellew at Columbia (Liz received his Ph,D. at Columbia),

0

Zight vears after my first visit, I had the opportunity to malo
another trip accompanizd bv my wife. This time I did not spepd o’
of my time mainly in one place. Cn this trin, which was sponsorad
jointly by the State Nopartient and Nation:l Science Foundation, 1
vicited the twelve most active and gencrally »nrostigious psvche-~
logical labdoratorices, They included (from scth to north) yushu,
itroshimu, Kwansei Gakuin, Nagoya, Osalka, Tokyo, Tokyo Univevsity
of Zcucaticn, Wascda, l2io, Tohoku, ancd Hokkaido, Aboutl scven veecls
were snent in visiting the laboratorizs and lecturing. The visiu:
to the laboratories involvod talking to the research people and in~
structional stafis, and tiking oxteus’ve notes on the exporimznis,
personnel, and laboratory ~<-auipsinent., Somctines this nrogram took
part of & day and sometcimes two or thvyee davs, particularly when
was called on to lectire or conduct @ sominnr, Usually, aftor
visiting each lahoracery 7 woull =oturn to my hotel and dictate ny
notes,., The tanes v2rz sont Cark to Columbia and I finally com-
pleted a report in Movewber after my rotuarn to Hew Yorlk in Iatoe
September.,

n

My expericnces at Trofossor listokawa's physiology laboratory i
onz I remember well, Shortly after arriving by plane from Tolyo,
ny wifo oud I went with Professor Iotokawvwa to his laboratory and
vicwed some cxporimnents fov about half an bhour. 1hereoficr, fola®;
uvaprenared, Y faced about twenty gradunte students, YWhen Prolc:e
Motokawa introduced me and said, "Now Professor Grahanm will c¢isc =
our work with us, "I was morz than a littie suvprised, In ont vae
or anothicr, we participated in some sort of discussion, th? Aapsn =
in a sometimes imperfect English, and I in terms of an imperfec’ly
uncerstood experimenial context, A% any ratre, we were able ©n ¢l
cuss certain matters of vision reoloting to th2 experimencs I had

i
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seon, and wo comniatod the dJdiscussion without serious misuanderstonrd-

ing, or so Lt scemed to me. OFf course, in this and siailar cupe.-
fenees in other laboratorics, the success of the vizits depended <o
members who spoke English,many very well and others only under-

s tangdably,

QFFICT OF HAVAL RESEARCH, LONDON
Th2 academic yvear,1?82.-52 wvas my first sabbaticnl yean. 7=
theugh T had been officially a nembor of saveral acadcoaic stalle
after 1930, the fact remains that sabbaiticeolis had, cxceopt “a
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possibly one or two universities, ceased after the Depression and
duving terld War iI,  They were voaewad after the war and my turn
came in 1952, Before 1 2%t fov Japan in aupgust, I had made
arrangements to spend my 12ave working as & scientific liaison
officor with the Office of Neval Rescarch, London, and nmy wife and
T went there in Octobovy, 1852,

Tho dutics of a scicntific liaison officer involved visits to
nzvelhisiopy and roiated laboratorices in various countries of #®urope,
andg writine informativo accoun:s of the wori: being done in th2
laborateries, the ncople doing the work, and a generally descript -
ive version of thoe backgrounds of research, These reports were
subseaurntly ¢istributed to American colleagues and other interesi-
ed or olficially designated persons. The liaison officer, through
his vifits to laboratories and associated activities, such as
givineg a papar on some tonic of interest to memuers of a particular
laboratory, nrovided an ismortant scurce of scientific inter-
communication,

An important part of this activity involved the distribution of
reprints and reports fron .amorican laboratories., The liaison
ofticers in the lifc scisnces (Biology, Medicine, Psychology) bad
little contact with classificd rasearch (I don't rcmembor that 1
cver reported or transmitied any classificd material), but the
representatives ef othor scisnces, mainly Physics, did deal to
sore extent with classified documents,

The contactz bBetweon the son officer and his inuropean
collcurues resulizd in many triendly reinvionships. I beiieve toe
overall effects of the interchawras that toosk place were useful to
all the scientists involved. Do me, the expericnce was persontliy
saticefvine, T visitod about iwoeaty-ive laboratories and discussod
many matters, 1 «iso attainded a number of professional nectings,
met many active and weli-known scuientists, including major figurces
in puyeholory as vwoell as in relatec fizids, I remembery some val
uibhle cdiscuss=ions, particuiariy with my old Ifriond Granit in
Stockholm at the Kavoiine Institute, and with Professor Toraldo at
the “netitute of Cotics in Florence, Having some months beiore
revicwed work c. il.ciy bands, I discussed thiz topic with Professcor
Toraigo, whose work in the arcn has since been outstanding. i
interest in it developed because as a physicist he first thournhi of
it as 2 poreuliarty recaleitrant topic in diffraction ontics,

y e

A hirit light ol my expericnce in Burope was my visit to
Provessoyr ichotte's Iaboratory in Louvain, I spent a total ou
ihroe davs there viewine thoe cexperiments on causality anrd discerise
ing psyeholory with Professors Knops, iattin, and rniontpellicr s
wol! as liichorie., T was parcicularly hapny to scce Professor (iooti-
neilisr acain, {fovr woe bacd spent months togethor in the early 777
whion ho was o nest-dncteral fellow working with Jlunter and ( waes o
voun:;; assistant prorossor,
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A BOOI:  VISIOH AND VISUal FTRCEPTJON

In 1948 I had a number of convevsations with represeniativoes
of Wiley and Sons, including most importantly ®Professor Lancfcld
of Princeton, who was advisory editor for nsycholopy, Ve discussog
the possibility of my writing a book on vision and, althougl I
knew that the nroject would be long and arduous, I finally agreod
to do it. It was soon obvious that the book was morec than should
be undertaken by one man, and I thereforc decided to interest a
groun of Iormer students and colleagues to contribute various
cilapters to a large volume of which I shouid be editor and an ;

author, 1If wo hacd foreseen the problems and difficulties which
were to facs us until the publication of the volume, Vision and
Visual Perception, in 1935, I suspect that we would haive DEell aven
more hesitant to write it than we were in the beginning, 1The co-- 3
authors were John Lott Brown, Neil R, Bartlett, Yun Hlsia, Conrad G.
Nueller, Lorrin A, Riggs, and mysclf. The book was generally w2l’
received by many reviewers, especinlly by some in Zuvope.

AN ATs PROJECT

AS a member of the APA Folicy and Ilarning Bo~rd that in 1247
formulated a plan that developed as I'tojects A .ad B, I scrved on
the steering committee, Project A was concev.aed with psycholonv
as a sciontific discipline and wos directed by Sigmund XKoch, then
of Duk> Uaiversity. Projoct B was concerned with problems of
persontel and! their training; its director was Kenncth ., Claxlk,
then of the University of iiinnesats. Ty contribuiion was mainly
to Projzct A, and then as a contribucor to the Koch volumes, I
saw 2 great doal of {och in Lonc.n in 12%2~52 while he was a
Fuibright Fellow at University Colleso, 1 wrote a rather leng
manusceripnt cn color vision, ics data, and systeimatic nature for
Volume 1 (1¢53) and, with Fhilbura Ratoosh, an article for Volume
4 (1962). The lotter crticle contained some aspects of discussiars
fron cvhnr theoretical papers of mine plus coniributions mads by
Ritoosh and some new material of my cwn. The article on color
vision in Volume 1 may b2 reparded as a first version of chantore
in Vision and Visual ®erception; in fact, in some detiaiis it is 3
nore cxubaustive. T 3
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PIdaLl  THOUGHTS
My main work in psychology has been concerned with research
and tuae tralning of graduate students, Txcept for o short inter-
val devoted to the runninpg behavior of the white rat and some
vartim> exnericences with sclection and training procedures, my
invescigations have involved problems of visioa and visual per-
copiion,  CU nrearly onuul inportance from my point of view has b-gcn
ny interest in theoretical and systematic problems, particularly
the fornulation of psychophysical and perceptual behavior in an
objective psycnology,

These end-oavors have been howored by my election to the Nationn?

Academy of Sciences, tho American Philosophical Society, the
Am2rican Academy of arts snd Sciences, and by my being awarded the
Warrcean iedal of tho Society of Eunerimental Psychologists, the
Tillyer L2l of the Optical Society of Amervica, the Distinguiched
Scicntific Contribution Award of the American Usychological
Association, the President's Certificate of Herit, and a
Gupgenheinm Tellowship,

It is surcly truce that the area which has claimed my attention
has not bzen the most populars 3in psychology, but it has, nevertihn-
less, for me been a most intollectually stimulating and enticing
on2. 1t has no doubt satiz”icd nezds which have dominated my
¢ovalopmont as o sciontist. I om Lappy that my activities have
allowed me to particirate et only in the nominal area of
psycholory, but alzo in related scicentific areas such as
physioiory. T or a cortain kind of person a Teoling of cnhanced
scirntific scope is odditionally rewarding. lowever, I am glad
to report thar after taking the Strong Vocational Interest
Inventory three timcs over a neriod of thirty-three vears (in 1235,
1945, and 15568) ny higliest score with great reliability was in
psycholcv, 1 like to think that I may be forgiven if I take this
rinding s a happy confirmaition of my choice of profession,
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