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e have sslled attention in pmrim e.mm to the primary imarmm

Far cerceptlen of the orgardgabion of the visual figld into & fizure=

. grouwnd structure. lereeptien really consiste awmiiany in tie

: E‘%.g’ars has shape and’ appears solid md dghly. st “Groand
weak as to fort and éxists s wndifferentisted substance, Genarally,
'i'ﬁgm has surface colory bhat 1ls to sy, iﬁa, golor iz leealised on

. emergence of a figiwa upon g mm;

ts surfsge and ls. registant 4o penetrabiofi. The celer of the ground

1s” £ilmy, sofb and yadlding, anc not sharply lecalised. . Spaeialiy, = .

the {igure appears separsbed from ite ghound and this separstion may
Mawiﬁﬂw&@fwm&m the astual surfece of the ground, Fig-
dre usually possesses shar) ‘and, ‘ghrong contour, bub Shis is net a5 und=-
verssl and essentisl gmgw of ligurd.  ihere e flgure i unoone
toured and of wqual brightnes: with the g dy slisough diffepently
eolored from 1ty the Digw mm appear alse ungiable and ﬁw&m&;
vhen eontour ’is m&mm, the figure becoves stabls, welledefined
and wmm, nd with ibe wlﬂr hard and’ ;,;M, mﬁ‘aer than soft
ahe Buangys Figure genérally has “thing shabecber? and is nped insie-
tent and more cmﬂimm;g*ma aaﬁiawammm ‘have eonnected
ni&h it Vsﬂxma’ mﬁ:m&w, fesllngs and aﬁ%ﬁs values. Figure de
: nd renesbered jwﬁxbar baw& ot ite W g@rmgm i.n

%W has ﬁmﬁaaﬁ maw&m& the W«m af ﬁw Mﬁnw of fig-
from the ground in pepeestion. OFf the eight stages which he :
pses, the firet foury wideh are W&W Lo the enepgence of ‘L'-h&
sﬁmwﬁ figw% am auﬁ:&aﬁm in & gwi aa aimr& a8 w: milkiam

kA Eﬁ%&%ﬁgﬁmﬁg ‘hmmﬁ the iig?:m and g?mm, ﬁsaﬁ%} of which
rm & tmi%; :

rightriess @fw@ mt'ma@ﬁ tlha %ﬁm whieh
@*aﬂually mwmm thiﬁ stage 1s sigmltanecus with 1

5f wﬁim&} &9W»=W w%m 2 mﬂ rﬁ&ﬂm .
the mﬁwﬁ b

4. Shapey !&Wnr, ﬂpﬁﬁé}’@ bﬁ&‘.‘am %&m aaﬁtm :La demnim
as the figur AT &;mimm oropresses,. 5 end &L put
ints wmma aml w ba ammlamd irz o Mhﬁr gmricad :
of 7 may :
A s‘x‘a@msim of the i‘#gum out a.mi Ay fran the ﬁgz*,mw&g
6. Definite depbh localisebion of the figurey :
7. Surfase texbure ol the figure, filmy vexture of mm gmm&;
8, Rﬁlﬁ W«Iﬂ{}- W %. "‘

The durations giwm hy ﬁw m maimm ﬁm
%amerigan Jouwrnal of ywmw, &?&7, ,ﬁ, 19#-

lich 49 5 ﬁmﬁﬁﬁwuﬂ em‘&rast tﬁ'?whg :
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Aher investigators have shown that Lhe tlae negessary for the flgure
w0 begone perceptible varies with the complexity and degres of mean
ing of the figure, A tushistoseope is & devige whleh enabiles Lhe
exporimanter te control the duratlon of Lhe meposure, the sige of the
vigual field, the quslib.. and intensity of the illuminsbion, the alge
of the eye-opening, the seb gr instuction under which the cbsepy
oparates and o mamber of other simllar foctors. There are a
of dlfferent designs for instruments of this type. They differ from
‘one anether largely in terms of the particular variabiles which one
wishes to control. Vhers eposures of very short duration are to be
used, it 19, of course, quite necessary to control sceamnodation and
eonvergence, . In owr instrument this ls ascumplished by vasuing a
amzll pedntesoures of Light tlwough the card containing the test
ebject, A smull projector controlled by the observer places o spob
of 1lght eontaining = blagk cross sbout three miliimeters in dismeber
direetly over the point=sourse which is then imsedistely axbingulsheds
The observer, although partly darkeadapted, fixsbes the oross st o
warning signal whlch ls given about one nd one-half seconds ppevicus
bo the sposure. : ;

The exposure is contwelled by two types of Lightecho ping deviees,

The firet is & grevity foesl~plane shutter, Hth this we sre sble to
segure sposurss acourately from one-hall millisecond to 275 mdillie
secondss The acewrasy of the time of exposure 1s cheeled by mounting
pieces of Mghly sensitive photographic msterial on o dise deiven by

& gynchronous motir whilch rotates st the rate of thirty reyolutlons

per seeond, The angle subtended by the image of the Light troel then
Indicates the setual time of exposure. In cur imstrumest, the differ~
enee betwesn such actusl times end the ocloulebed times is less than 2%.

The seeond method 1s 2 magnebic shutter. The blades of this shutter

are sotivated by = toggle lever, These shubber blades pord in the cen~ .
ter of the fleld. An sporopriate lens system fiatbens the beam from

the illumination source t0 & band of light which meassupes 3 By 5 e

For exposures of a quarter of a second snd over, the lag in the magnet
is neglipgible, _ "

Gar eariiest studies on the speed of visual pereeption were mude in
2533, At that time, Dr. Salo Firkelstein, s Pollsh lightning eslous
istor, visited owpr Laboratory, This mem eotld peroeive and remenber
iisbe of rumbsre from exposures shorter than had ever been pesorded for
‘any uman being. The writer beesme interested in the problem of the
noture of the nrocess utilized by this individual in the axtrems raplde
ity with which he eould memorize mmbers ss well ss nerform the usual
kinds of esleulstions. The preliminury serdes of studles on the problem
led to the development of bebler spparats and » serles of studies on
the pereestion of forms in short exposures whieh are still in prosvess,

i 4 P

Une of the things revesled to us by this kind of o study of vision is
thot by means of the shorh excosure we can study the process of nevcelyw
ing in its early steagee by stopping 1t after the stimulus hsd been acbw
ing for any duration we select. Humbers ore ar exeellent maierdsl
beesuse they gan be nresanted in elther small or large groups and they
have ne hanpering sssociastions, - ;
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Ghe of the first important sroblems whish we have studied exteniively

the prelation between the 1%&11 of the material mmﬁd to the eye ané
the time required Yo percelve and reporduce it, The waouat of maberial
which esn be respoduced in & single briel axposure ls gmmlla gailed
the span of visual asprehension. The mumber of digits, letiers, words,
or figures which can be apprehended in a single exposure has been said
to be limited to shoub seven. The oresumpfion hos been that the chief
Z.j,itinm fagtor is the size of the imire ab the psbina in relation to
the slze of the magulas e huve been abls to show that $he parsmacul.ap
field san be gresbly exbended through training, L¥-letber inglish
wopds, doubleespaced, which subbend a visusl angle of shout 1l degrees
gt the lens, ¢ould be percelved and reporduced gorreshbly in an awosure
of one millisecond, Consider wheat tids means in relstion to the faot
that the luterey of the visunl mecharism is of the order of 20 to 30 ms.
Such spesd in visual pérception is, of course, only possible wider the
" gonditien where the materlal wsantm to the eye is seen as unlbary.

If we expose lebbers in 3% pelnt tyce on § by 8 widte cards, we may
deternine the speed with wideh diglts of varying 1@&%&3 pan be mraaiﬂ-
ved. oIr. FPinkelsteln established the following recerds whieh are a few
taken {pon & larger nunber established 1n the imvestigetion,

GUMBRR OF DIGITS TINE OF BXPOSURE
' : IH SEQCHDS.
& - L003
9 030
10 « 36L
ik : aﬁﬂ )
12 o 224
1 - la3b
16 1.73
18 241
20 3458
A Lels3
L 7.01
a2 25+h
L2 | 45,0

These flpures are L*c}ﬁrﬁ“ of sareful study, They represent essentially
wordd records. The ﬁwmga indésddual will require from 20 to ?{} Gege
onds, or more, Ho perseive wnd memorize. a 15-diglt mudber the first
time he triss it, The megnitude of the galns from prsctice is the fiprst
striking fact revenled by these studies, 1t will be noted that the :
sadition of & single diglt te & digits increases ten-fold the tise
required for visual pereception., Rurther, wheress § diglte requires bub
three thousandths of & segond, 16 diglts requires almost sixty times as
muoh exposure. 4L Sihese [igures wre plotted with the mwmber of digits
sgainst the logarithms of the times ol exposurs, 1t willi be noted thab
there is & sharp ehangs of trend in the curve ab 11 or 12 digits, Up
teo this slze of number, aigiﬁa are parcsptually anslgameted into a unde
tary impression withoub grouping, jwbers eontalning more digits than
this are seen firet as aggregates of smeller sub-groups. The process
of tralning means that these groups wnderge s gradusl ex; cansion. For
exaple, b digite may be seen. as four groups of foury as five groups of
three plus one, and so on. I may ales be seen as two groups of ai,ght,
ﬂrwamgﬁmmm or as a unitary, coherent group comprising
i : photogrash the eye movemants of the percelver m&r
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in the sbage of his pragtice, me observe the charssteristic stepulse

movemantz seen in ordinayy resding. vhen we hove trained this same

c W%m%%&wmmﬁmmam%aw
eth of the time originaddly required, photagraphs show %haﬁ- the ore
makes o single sweap, without fmaiag, thraughout scoanee of the

visugi mhwia&, even though, in phenomensl wmim. ‘ﬁh@ loarnes

moy etlll introduce subjective grouping. There doss not geem to-be any

eorrel:dicn belwaen percetusl wndtes ol the s@mm of the oyes,

ophe Studies on Visusl Perceptlon - Vol. t—3ioy 8

vhoen we use iists of consonante, we: wﬁ,fg,lﬁm geonstedoal Topms or meshe
ingfal Sngllsh wopds, we got gsvertlally the sane king of results, The
proceas is the eame m@am%& of the eontextued matordal,

Wony interesting and dmportent facte were revesled by an analysis of
the cbperver's behovior befors, during sand sfter the wgposure, The
tendenay of the novice is, of sourse, to name or pronouncs what ho is
secing cohcurrently with the visusl espogsure, 11 observers soon flag-
govered that thls Widﬂd\ serious handlesp, Verbal activity durdng
the expomure weakens and mmma the vieuadl impression, Furthermore,
at the WMM of the exposure, if the slbewt to reproduoe by
speech what was seen ls begun too quiddly o too slowly, the anount
and sosurscy of reproduction diminishes. A good rule Lo follow le to
sivise any pergon, who wishes Lo use vision with madml eaffectiivences,
to engage in no other sobivity during the perlod of visusl lmpression.

The questlon may ardee ae w vhether the sbove results, secured wpm a
world famous expert in 4 recidly with numbers, do nob reppesent

« furetion different fran mm faund in Mimm? pergong, In oader to
cheal: such a . posbulati o, vt tw;in& a munber of ondinery university
atudm in order to debermine how rueh « <& gould exbehd Lreir supacity
to FRaUl Ny memord e vim%l :m*t.aria:%. in short exposupes, About o domen
such snses ware recorded. In every sase the shaoe of thely curves ig
1dertloal with that gﬂm 1n the above f gures for Balo Finkelotaein,
In every came, slso, os lnprovenent “}r‘mwm the auves of tie shu~
dent moved gradually in the dire'tlon of the iimits seb by Finkelotelng
and in two cases of sbanded practice, we vot only trained erdinery
students to equal Flnkelstein's best perfommance, W' in a2 fev lnslanees
thav axgeadad him, Here we hove a faeb of gresd lsportsnee, The limit
to whish visusl psrgeption ean be edbended through proser training is.
still unlmiewn, Ve are gerbain that it can be Luroved to an almosh
incredible ssbent provided the observer lo willing to work, and provided
he vhilizes the proper methods, Ths difference botwes the @rmﬂt ared
the novice in the rapld ol secwrate perception of visual meterisl is
the sans differense bebween the ewperh and the novies in the parformnge
of m:r eiedliful act. Ve hiwe to lewn to ses Just as we hove to lears
to swim, to play the *ﬁim or to spesk Frenoh, This can be done with
skill and afﬁaﬁm or 1% ean be done helbingly and ineffectively.

ham we traln ohildren Yo learn to spell Bngliish words by renlaging the

wbelul ad imrﬁssimh dlasfunebive method of sealng mcia with the

prfaper method of visu:d pereeoidon, spelling diffieulties dlesn pear.
Hot only does & f..h.‘&ld apell acourately and eagily, but he someas to enjoy
3,,:@3.4&:‘% An ineidental by-product alse ie that his rale @i’ resding sad

Index f:u. :m’wmm aubomableally shos o sorresponding lepravenent
nes and %’?ﬁm, st ws be sure Lhed '%4’;60 not makes the mistake of :

assuming that thie akill in seeins ls the development of o ﬁmm
photographie aye, There ls no sueh thing as a phobogra %zif:c aves, 3L 1

wore bo show you & line drawing of an wnfasiliar meeningleuse design fop ‘

g bricl emoswre and &sk Fou o draw op reproduce whob you samm, Lhen
took from you your deasing and gove yw another sheet of paper snd
anpbier epompre and ,km.! you Lo draw It agein and ggain, after as mony
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ahmamaﬁ ng sxposures as would be required f::r y‘em to renrodues the

Pigure so thet 1t would durlicate the originel, you would find that
the development of your sereeption of ths shape of this figure 19 an
enormously somolicated process. It ie .J%erm‘iy true that we see odly
in part. It 1s sleo true thal we btend to see and reproduce as ymeh o
more the frames of reference which we bring to the stimulus situation -
sg the agtual test objieet exhibited to the eye. I1f, early in the ser—
ies of axcovures, we give o name to the flgure, then the tendeney will
be to stersotyne and conventlonalize subessguent drawlngs to £it the
sattern rather than to reproduce vhal wos sean,

‘o object in enlling sttention to thess fasta le to lmpress upon optomes
triste agaln the importance of paychologieal opties. Hany pereons who
gongult you professisnally are the victims of visual diffioulties which
are non-refragtive in choracter, To the extent to which you esn underw
sband and control these fungtions you can render » superior swrvice to
your patisnts,




