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CHAPTER I
INTRODUCTION

The fundamental task for Psychology 1ls to define what con-—
stitutes the stimulus for behavior (80,35,32). This involves
specifying the conditions which leaves the response invariant.
In visual perception the most succeseful approach to this prob-
lem has been made by veychophyslcs which attemots to relate
phyesically measurable attributes of stimull to changes in re-
sponsge.

Visual dlscrimination involves.easentially two different
kindg of regponses to the same stimulus conditlion. The flrst is
the least complex discrimination: the resuonse 18 a statement
concerning the presence or absence of a change in stimulus con-
4itions. The second responge concerns identificeation of the
class properties of the stimulus and 1s a more complex event,
in that the past experience of the observer must be utilized
to enable him to assign the stimulue to an appropriate category.
Up to the recent past it was customary to investigate single
igolated attributes of the stimulus, on the assumption that
these ylelded sensations which were definitive for perception,
Now the relationshlp between sensation and verception does not
appnear as well defined. The investigation of descriptive stim~
ulus categories such as brightness, position, extent, color,
contrast, etc., must be related to such problems as form dlg-
crimination, for example, and ultimately to the perception of
meaning and symbols, which mekes possible the prediction and

.control of behavior in comolex environments.



The concept of the stimulus as a signal to be detected
and ldentified, provides a framework to exXamine oprevious ex-—
perimental and theoretical considerations against, and also

for the organization of future experimental work.

"<



CHAPTER 11
REVIEW OF THE LITERATURE

Visual responses are discriminations of luminous intensity
changee in the visual world. These sensory discriminations are
baslc for detecting the presence of objects and also for their
identification. In the following, the theoretical and experi-
mental literature for detection and for recognition will be

separately discussed.
Factors Affecting Visual Signal Detection

When intensity of the signal 1s held constant, three main
stimulus parameters affect the detection of that signal. These
are: (a) area of the stimulus, (b) temporal exposure, and (c)
definition of the edge (contour) which delineates the atimulus
from the remalinder of the visual world,

(a) Areal Summation: Aubert (3) was one of the first experi-

menters to relate area of the stimulus to changes in the re-
sponse to luminous intensity. Ricco (4) proposed that the
areal effect was & simple linear summation over the extent of
the fovea, and Piper (4) expressed the same relationship as
holding over 10° of arc in the periohery of the retina. The

relationship,
A x I=¢C,

was advanced to describe thls summatlion effect. Now, it is
felt that this holds well over only the first 10! of visual
angle for the fovea, and even thls region appears in doubt.

Wald (84) proposed that the response corresponds to the



stimulation of a constant number of elements and advanced,

Ak x1I=¢C,
where k¥ 1s an emperical constant based on the slze of the ret-
inal fleld, as a better fit, than,

AxI=C.
However, Otero et al (59) recently advanced,

K x S%-_- G,
where K 1s a constant depending on the background illumination,
and § 1s the slope of a line drawn through the threshold points
which result as area changes, asg descriptive of areal threshold
change over the first 20' of arc for the fovea.

Graham, Brown and Mote (38) presented a theory to account
for the excitatory effect of areal summation which tekes amccount
of the Styles~Crawford effect (the distortion of light passing
through a pupil). They found that no simple function such as
Wald's fit their data and that they hail to have a separate set
of emperical constants for the fovea as well as for the peri-
phery,

Kristopherson (60) has expanded Graham's et al theory to
account for area-gshape effects and has demonstrated that changes
in detectlon threshold follow as predicted, except when very
long targets or targets forming right angle crosgses were used.
This is in agreement with Langstroth et al (63) who found no
detectable difference in the vrobability of detection for square,
rectangular, triangular and circular targets of equal area.

Crozier (18) has demonstrated that summetion is not twice



a8 great for two eyes but takes a intermedlate lvel. He states:

For simultaneous excitation of the two eyes (when of

very near equivalent excitation)AIp is less than for

stimulation of each eye alone, at “all levels of I,

A, and » . These facts are consistent with the view

that the properties of A I are quantitatlvely deter-

mined by events central to the retina. p. 139.

Perinne (70), however, argued against summation, for he
found by doubling the brightness of a flash in one eye the
frequency of seeing was raised from an average of 38 to 86 per—
cent, whereas, the binocular frequency for the initial bright-
ness was only 58 percent. He concluded that the possible
amount of partial summation, which cannot be ruled out due to
errors of measurement, must be small in degree.

The sgize of the retinal element has been considered as
the limiting anatomical parameter by the theorists who consid-
er retinal geometry as an explanatlon of brightness discrimi-
nation. They bellieve a cone or a row of cones must be exclted,
when comgared to a nelghboring cone or row of cones, to pro-
duce a sensation; but Wald claims the discrimination € a point
or line agalnst a background depends only upon its brightness
and that there 1s no theoretical or emperical 1limit to the
gize of the object, provided 1t is bright enough., Hecht and
Mintz (46) have shown that fine wires can be discriminated
even when they subtend only 0.5", which is 1/60 th of a cone
diameter approximetely. This effect has been demonstrated for
vernier adjustments as well.

(b) Temporal Summation: Parallel with the area studies has
been the investigation of the effect of the temporal span of
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the stimulus. The Bunsen~Roscoe law states that smell areas
and brief flashes are receprocally related. The relationshy,
IxT=¢C,
holde only for short durations (approximately 50 msec.) though.
This polnt 1ls termed critical duration, beyond which the
threshold response depends on I alone. Hartline (43) rscord-
ing from & single retinal cell of Limulus (horseshoe crab)
demonstrated that below a certeln critical duration the inten-
sity, (I x t) necessary to produce a constant frequency of
impulses is constant. Beyond this critical duration, inteng-
ity alone was effective,.

Grahem and Kemp (37) investigated A I/I with exposures
from 2-500 msec. duration. A I/I values of constant intens-
1ty were highest for the shortest duration up to the limits
of critical exposure time. At durations longer than CD, a I/I
remained constant., They state the Bunsen-Roscoe law holds for
the effect due to A I, as indicated by AI x t remaining con-
getant for any value of the relationship between intensity, I.

Graham and Margaria (38) investigated the periphery of
the retina to determine the absolute threshold of the area-
time relatlonship, with test fields from 2-180' of arc, and
found an approximately reciprocal relationship between inten-
gity and time of exposure. This held precisely for values
below 0.1 sec. Moreover, the data approached a form which
has been described for Limulus (43). It was also demonstrated

with Limulus that intensity, not time was the more imvortant



parameter, for when very brief flashes were presented at high
intensity levels, the outpgut from the cell maintained a con-
stant high amplitude of dlscharge for nearly 60 sec.

Holway and Hurvich (51) investigated differential sens-
1tivity and the slze of the retinal image for several levels
of illumination. They found that I/A I varied directly with
the size of the retinal image and inversely with illumination.
They proposged that differential sensitivity vaeries directly
with the total excltation potentially available for the dis-
crimination of a just noticeable difference in brightness.

Hecht (45) attempted to determine the absolute limit of
the intensity discrimination and believed that & response
would be elicited 1f only 5-14 quanta of light were present
in close proximity. He maintalned that the absolute limit 1is
determined by the corpuscular nature of radlant energy. Fur-
thermore, this effect should hold for differentiel thresholds
also. To explaein thls phenomena, he proposed a theory of a
photochemical process which produced a stable state at the
retina, involving primerily three things: (1.) & sensitive
substance which sbsorbs light and is changed by 1t into one
or more active products, (2.) necessity of maintaining & sup=-
ply of (1.) (by his primary light and dark reactions) and (3.)
the active products of the primary light reaction must do
something which results in an impulse from the receptor cell,
Under continuous 1llumination the photoreceptor system reaches

a stationary state, in which the opposing rates become equal.

- p
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However, in attempting to use this theory, the sadditional
facts from the on/off mechanism must be considered. The ev-
idence seems to polnt to some kind of edge discrimination
mechanism as the activetor of the post retinal neural transg-
mission system.

(c) Edge Effects: Weymouth et all (89) proposed that as the
eye scans & line or similar oblect, a bell-shaped gradient of
exclitation will be established on the retlna. A threshold
gradient changed the "local sign® (c¢f Hering) and a sensation
was reported. Adler and Fleigelman (1) carefully recorded

eye movements photographically and found that the eye 1s con-
stantly in motion, sweeping a band varying from 2-30 secs of
arc, 1l0-l00 times per sec. The movements are characterized as
a rapld fluctuation over the short range, with slow drifts
over the wider range. They proposed that these movements could
be the limiting factor in visual aculty.

Marshall and Talbot {(55) used thls concept of physiologi-
cal nystegmus to construct a theory which shifted the explana-
tion of brightness discrimination from a static condition of
retinal geometry and photochemistry to dynamlc neursl mechaniams
across the total visual mechanism. Thelr main argument 1s that
neural impulse frequencies are temporally dispersed, and that
brightness discrimination 1s largely a cortical event. As a
result of nystagmic scanning,

The neurel "image" plays continuously over the pro-

Jection area at every synaptic level, bullding gra-

dients and peaks of activation at every edge and line.
This 18 inherent in a partislly shifted reciprocal



overlap and refines the mosiac in proportion to

the steeper gradlents and peaks produced, as sand
forms sharper peasks then bricks. The slopes and
amplitudes, however, are further modifled by dynam-
ic mechenlsms; first the relation of this lmage-
Tlutter to the neural recovery cycle, and second
the relation of the intensity distribution to the
recovery cycle. For near an edge the 1ight intens-
ity falls off and with it the impulse freguency
pattern transmitted. Both factors cause neural am-
plification for impulses within the faclilitation
period, and neural subnormallty for longer periods.
For both reasons, propagated activity at an edge 1is
peaked at the bright slde and depressed at the dim
silde, while gradient 1& enhanced. p. 139.

Byram (11,12) has attempted to resolve the difficulty
which retinsl motion imposes on the areal summation problen,
He cites the Marshall and Talbot concept of cortical grain,
as belng much finer than the grain of the retinsa, to which
they attribute certain accomplishments of the visual systen,
such &s the perception of the vernler offset, to the flne-
ness of this graln and the oper&tion of certaln neural mech-
enisms. He states:

This would mean that the cortical image snd the

test object would have in common certain energy
v differentials which would be lacking in the retii-

nal and photochemical images. In view of the

physical concept of entropy, it 1s hard to see

how the energy in the corticsal image could be in

a more highly orgenized gtzte, with resvect to the

test oblect, than the energy in the retinal lmage. p. 737,

Byram feels this can be resolved if we assume that vis-
ual resolving power 1g determined by the energy reate discrim-
ination insteed of retinel illumination discrimination. This
makes 1t possible to explain moet of the date of visual asculty

except areal threshold phencmena. The effect of area on the

abgolute and dlfferential thresholds cannot be explalned 1if
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visual stimulation is nonfluctuating, unless neural interac-
tlon ig invoked. However, the effect can be explained if the
number of light guanta actually utilized by the receptors
fluctuate about a mean value.

Riggs, Retliff et al (72,73,74) attemoted to determine
the role of physiologicel nystagmus to visual acuilty. Their
measurements were quite similar to those of Adler and Fleig-
elmen. In addition, large slow waves and slow drifts of fix-
ation were observed. They found filxation limited to about
one second. They also found that aculty measurements 4id not
correspond consistently to the nystagmic movement. Then &
second experiment, designed to counterbalence eyemovements,
was performed. It wag demonstrated that for long exposures,
a fine line appears bright and clear but soon fades and 4qls-
aopears. Heavy lines seldom disappeared and when nystagmic
movement 1s doubled, the fine lines seldom dissappear. It was
concluded that vislon 1s lmpalred when retinal motion is im~
veded, and that the rate of dissappearance of a target 1s re-
lated to 1ts angular width. 1In addltion, for exposures of
short duration (0.10 sec.) visual discrimination 1s poorer
under conditions of normal or exaggereted movement than when
the eye motions are counterbalanced. Nystagmic movement be-
low 10 msec. extends over only 5% of arc which apvears to
negate the concept of eye motion as full explanatlion for
brightness dliscrimination across an edge.

Jones and Higgins (52) have used the Marshall and Talbot
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theory to account for the perception of physical rate of
change across edges in photographic systems. They believed
that the high correlation they obtained between the subjec-
tive resconse of sharovness of image detall and the physical
measure of this rate of change, to be due to enhanced aculty
as & result of nystagmic scanning. Yet they state that:

The dynamic concept does not force discarding of

statlc notion of receptor size: as elements of the

retinal image will determine the time rate of chage

of the illumination incident on the receptors which,

as much evidence lndicates, 1ls an lmoortant determi-

nant of the magnitude of the retinal response evoked

by & stimulus. p. 227.

Lamar et al (62) investigated edge effects and present
data that support an edge dlscrimination concept rather than
en areal concept per se. They held ares constant for small
rectangles and found that the brightness threshold decreased
as a function of increase in perimeter. They introduced a
concept of Yuseful area", a small ribbon of area sround the
border of a target, to account for this phenomena. The
threshold 1s defined as follows,

A1/ = C P%/ua
For small targets, length or width of less than 2', & change
in either dlmension makes no change in the total flux required
for detection. Beyond this, to about 100 square minutes, the
change in threshold aopears to follow the change in useful
area. They conclude that,

...the concept of useful flux lndlcates that the

critical sensory evente in brightness discrimina-
tion takes place in the narrow ribbon around the



image of the target which 1s comprised by the ret-

inal brightness gradient produced by diffraction

{1-2' in width). Since foveal cones are about 0.5!

in dlameter, the gradient width covers about 3-4

conee. It is to the behavior of those cones that

we must look for an understanding of brightness

dliscrimination. p. 543.

Nachman (68) recently tested this useful area concgt and
found that it predicted his datg where ares was held constant
and the useful area varied, and also where two targets were
presented, up to a limlt at 100 square minutes where the
threshold remained constant for further increase in useful area.

Brown and Niven (10) investigated the relation of foveal
intensity threshold and length of an 1lluminated slit, by va-
rying the length of two slitg, 0.65 and 0.13' of arc in width
(the latter is narrower than a cone dlameter]l They found the
threshold decreased as the sllt length increasged. Decrease in
width beyond a critical width increases the threshold uni-
formly, irrespeéctive of length of slit. Fry (27), slso in-
vestigated the relationship of the length of a border to its
vislbility. By varying the length-width rstio, he demon-
strated that the length of the longest side of a rectangle is
more important than the total area. He concluded that the
width of & narrov bar affects the threshold only 1n relation
to the blurredness of the optical image on the retina. He also
investigated the effect of border conflguration on brightness
contrast visibility, (28). Varying the angle between segments

of a sawtooth pattern, decreased threshold as the angle be-

tween segments increased. LeGrand (64) placed dark bands of
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varying widths between two test flelds of different brightnesses
agnd found that error of photometric meagurement increased as
the width of the vand increased.

iiddleton (68) introduced a diffraction blur optically be-
tween & blpartite fleld differing slightly in brightness, and
found that the threshold stayed at 0.02 until the blur reached
5' of arc, then more light hed to be added to the brighter
glde for the sublect to report the two fields as different.

Kruithof and 21}l (81) presented a 3.1°% circular test ob-
Ject ageinst two different background brightness levels. They
introduced six blur increments from O to 36' of arc snd found
that:

It appeared that when the daytime organe of sight are

used, contrast sensitivity 18 not reduced by a blured

contour until the width of the area of confusion has

grown to an angle of abwout 7', where it rapidly de-

clines to about 2/3 of 1ts original value at an arc of

confusion having a width of 12' after which it re-

malned constant. p. 339.

It is apparent from the examlnation of the liferature that
the role of contour attenuation and shape of stimulus on visual

slgnel detection 18 not well defined and 18 in need of further

experimental elaboration.



Factors Affecting Vieual Signal Recognltion

Theoreticsl Background: Identification of the visual signal
involves assigning to the signal a descriptlve category whih

relates to the shape or form of the stimulus.

Since Herring and Helmholtz, psychologists concerned with
form perception, have tended to maintain themselves in two
geparate theoretical camps: The role of the past-experlence
versus the role of the innate properties of the stimulated
organism as prime determinative of form perception. The former
group was ildentified with assoclatlonistic theory, the latter
with Gestalt psychology. Necdless to say, the distinction 1s
st1ll current in contemporary studles of form perception.

The precursor to Gestalt psychology occurred when von
IEhrenfels raised the problem that the summated effect of the
individusal elements comorising the perception was not the
same a&s the combination before the breakdown., He clited the
classical example of how the notes of a melody can be trans-
posed and you will still recognize the melody. The 1dea of

form-quality goes back to 1885 to Mach's The Analysis of Sen-

gsationg. His contention was that sensations congtitute the
basis of all sclence both physical and psychophysical. Sensa-
tions had both epace and time-form. Spatial palterns, like fig-
ures and temporal patterns such as melodies, were conslidered as
sensations which are independent of any perticular quality

such as color or pltch. Thls conception von Ehrenfels devel-

oped into the concept of form—-gqualities or Gestaltqualitaten

-



which had propertlies independent of baslc sensations. The
Graz school then took up the problem, considering form an el-
ement, but one that is not a sensation. This element was
constructed from simpler elements by intellectual synthesls.
This view differed from Wundtlan elementellism where elements
were not recognized ag produced by mentel acts. Gestalt psy-—
chology egreed with a continuilty view llke Jemes, but was
holistic. Several principles were advanced, to account for
organlzation of behavior. Wertheimer, introduced the first,
called the Law of Pragnanz: psychological organization will
always be as good as the prevailing conditions permit. The
simpllst condltlon i1s defined as a completely homogeneous
stimulus distribution. However, Koffka (568) sald we should
regard behavior, not as composged of responses, but as gov-
erned by a fleld of interacting forces organlzed into defl-
nite, though changing patterns. The dynamic fleld is a molar
effair in the game sense as behavior is molar. This fileld 1s
organized by the lews of proximity, simllarity, continuity
end closed filgure. Organismic factors which interact with the
field are familiarity and set. ¥Finally, the laws of Pragnanz
and good figure are the result of combination of fleld and
organismic factors. The figure depends upon the ground on
which 1t appears--the ground serves as a framework in which
the figure 1s suspended. However, a contour bounding a fig-
ure acte inward toward the center of the figure, not outward

on the ground, because thlsg 1s the more stable organlization.
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These field processes are "isomorphic" with the corresponding
brain processes. That is, the two sets of processes stand in
a one-to-one relationsghlp with each other.

More recently, Culbertson (17) has advanced a mathemati-
cal model for optic nerve conduction to explain form dliscrim-
ination. The task of the model 1s to handle the reduction
from the number of sensory elements $0o the number of nerve
fibers in the optic tract to provlide & means for different
"patterns" to be conveyed to the central nervous system. Such
behavioral problems as size constancy are overlooked, and 1t
appears that this model 1s of limited value for predicting
the date of form discrimination.

Gibson (34) considers form discrimination from the stand-
noint of the problem of knowledge. He points out that form
hes many mesnings; that shape, figure structure, pattern, or-
der, arrangement, configuration, plan, outliine, and contours
are simlilar terms without distinct meanings. A definition of
what 1s pereived 1s necessary before the problem of how men
and lower organisms percelve form can be solved. Previous ex-
pveriments were criticized on the ground that they used lines
to represent forms, when they are abstract concepts of forms.
He proposed that there are three general meanings of the term
form (dealing only with those associated with or derived from
physical objlects): (1) the substantial shape of an object in
three dimensions, (2) the projection of the object on a flat

surface, and (3) the abstract geometrical form composed of



imaginary lines, planes, or familles of them.

Outline-form stands for something to the observer. To
demonstrate this, Gilbson presented ten subjlects with simole
outlines on cards, and reports that:

At no time 4iA any observer describe anything like

black depeosits or merks or traces on a white sur-

face. All the terms and phrases used fell into three

other classes: 1lines and angles, geometricel fig-

ures, and solld objects with physical surfaces.

He concludes that the primary task of the psychologist 1is,
0 isolate the invarlent properties in visual stimulation
which are in psychophysical correspondence with constaent phe-

nomenal objects."

Experimental Studles on the Role of Form: The effects of

gimple geometric forms have been studled in the perivhery of
the retina by Kleltman and Blier (54), Collier (15), Munn
gnd Geil (87) and Whitmer (90). In general, the triangle was
the easiest form to discriminate, with the circle performing
next to the end of the series. The vertical quadrant gave
fewer correct responses than the others.

Helson and Fehrer (47) examined the central retina to
determine if form affects the threshold for recogrfion. They
used ascendling serles of the method of limits as method, in
an attempt to prevent knowledge of the stimulus from blasing
the results. The rectangle had the greatest efficlency, with
the cir¢le in fourth position. They conclude that their date

d4id not support the Gestalt concept of good form, but that...

"form perception 1s the result of mechanisms at a higher level

17



of integration than those responsible for the perception of
formless light." They also d4id not find support for the as-
sertion that form, as such, ls present at the lowest levels

of perception, or that every perception must be of the figure-
ground type.

Wilcox (91) next d4id an experiment, whose purpose was to
show that threshold stimuli have a definite perceptual form,
which is circular regardless of the actual shape used as
stimull. He exposed a square, rectangle, triangle, L-sghaped
figure, semicircle, and an irregular figure with increasing
illumination until the fligures were Just noticesble, and con-
cluded from his data that threshold stimull have a definite
perceptual form, and this ls clirculasr regardless of the ob-
Jective shape of the stimuli.

Sleight (78) investigated the relative discriminability
of several geometric forms using sorting time a8 the index of
performance. The sorting time for the first figure, swastika,
was ten tlmes faster than for the last, the star. Also a
high positive correlation was found between the sorting renk
and the 835 ordering of the gelection of ltems according to
thelr " attention-getting® value. Casperson (13) used a sim-
ilar technlique and found the square best for his sgtudy.

Hanes (41) used a paired comparison technique, where the
varleble was lncreased to match & standerd brightness level,
and found that the trlangle needed less light to match the

circle and the square. Cheatham {14) used latency of response



as & function of illumination as an index of perceptibility of
form. He advanced the hypothesis that figures with angular
convolutions would be easler and thus quicker to see, as a
functlon of the number of angles. His results did not support
this and 1t was rejected. The square had the lowest thresh-
0old in his study.

Recently, several experiments have been done by Hochberg
et al (49), Bitterman et al (7) and Krauskopf et al (59) in
an attempt to demonstrate that the visual threshold for form
‘follows the Gestalt concept of "simplicity". In the first
experiment (49) a circle, square and cross of equal area were
projected on & screen in a dark room. The intensity was in-
creesed until the figure was identified. They found that the
intensity threshold for the three flgures followed the Ges-
talt principle of simplicity and compactness, which is defined
in terms of minimum perimeter to areas ratio for "best" figure.
The threshold of the circle was significaently lower thén that
of the square and crosa. In aﬁother experiment (50),"figural
goodnesa" is defined in terms of the least amount of infor-
matlon needed to gpecify a glven organization, as compared to
other alternatives., This minimal amount will define the low-
est threshold. Using Kopfermann cubes as stimull, they main-
taln that the resultling responses are not inconsistent with
the working hypotheslis that the probablllty of a given per-
ceptual response to a stimull 1ls an inverse function of the

amount of information required to defline that pattern.
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Bitterman et al (7) have proposed a diffusion model de-
rived Kohler and Wallach (58) theory of figural after-effects,
to account for the perception of form. The retinal onattern
is translated into a fleld of excltation at the corticel lev-
el. The neural fibers are asgsumed to free chemical substances
at their termination volints, the rate of this secretion being
proovortional to the frequency of impulses from these fibers.
These are held to establish the corticel figural currents
which determine verception. 8ince the cortical field is sup~
posed to be lsomorphic with the geographical field, a circle
18 held to generate a circular fleld of actlvity in the cor-
tex, where the diffuslion rate is equal in all directions from
the contour representation. They hyootheslzed thaet Aifferent
figures would have different diffusion rates depending upon
their comolexity (operationally defined in terms of increas-
ing perimeter to area ratio). To test this hypothesis, they
presented a circle, square, dlamond, L-gshaped figure, cross,
T and H-shaped figures to 24 8s. They used only one trial
per figure in thie study to eliminate previous experience
with the stimull. The illumination was increased untll the
8 could identify the figure. Thelr results followed the
simplicity concept, in that the circle wasg percelved first
end the response ranking for all figures correlated at 0.78
with the physical ranking. However, these results should
only be considered as pllot data and not definitive for the

general problem of recognition,
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Krauskopf et al (59) performed a further experiment in

an attempt eliminate the sampling problem in the previous ex-
periment. The stimull were the same as in the first study,
except that the arm length of the cross and L were manipulated
as well, Temporal as well as brightness thresholds for rec-
ognition were determined. They found that the thresholds
followed the increase in perimeter to area ratio as bhefore,
except for the croas and the L. To explain the increase in
threshold for those figures they introduced a concept of
critical detail, Thlis states that each arm must have a cer-
taln dimension before the response would be simllar to those
of the other flgures. They maintalned that thelr concept of
diffusion would still predlict the effect of critical detsall
for local diffusion would obscure these parts at a faster rate
They conclude that the problem of knowledge of form may mask
real differences in form thresholds. In one of the early ex-
periments, Fehrer (23) studled the learning of visually per-
ceived formeg to determine whether the forms easlest to learn
are the slimple, closed, symmetricsl ones, and whether per-
ception consists of the gradual differentisetlon of an orig-
inally simple impression. Bhe concluded from this study

that figures are learned in accordance with configuration
theory, such that the simplist forms; circles, triangles,
rectangles, symmetrical figures and figures composed of few
parts are the easiest to learn.

In a related study, Braly (8) exposed simple forms with
8 tachistoscope, which were followed by a Beries in which



gsome new figures ag well as test flgures were presented. The
S8 reprocduced the flgures by drawing. The ilmpression figure
affected the reports on subsequent test series by increasing
the number of times the impression figure was used in place of
the test figure, and elso increased the number of times the
test figures were seen correctly. In this study the square
was moset resdily seen, the triangle next, and then the pent-
agon.

Djang (20) studied mesked forms by giving prilor experi-
ence on flgures and then embedding them in a complex figure.
She found that E group saw the embedded figures 20 times more
often than the C group. The figures differed among themselves
in frequency of recall. A search attitude 4id not appear to
be a decisive factor.

Vinacke (81) studied the discrimination of color and form
at illuminations below conscious awareness with yellow, green
and red circles and triengles. The 8s were instructed to gilve
a poslfive response and rate this as to certainty. The re-
gults indicate that puessed Judgments below threshold are no
more accurate then chance would allow. Of the elght condi-
tions, only color, when presented as & single varisble, ap-
peared to increase accurescy beyond chance. The remaining
comblnations yielded results within chance 1imits. However,
Kin et al (53) found thset when an 1lluminated circle, square,
and triangle were projected on a screen and the screen 111-

umination raised until the target was no longer visible, that



the Ss would guess the form correctly beyond chance. The
triangle was called correctly most often, whether presented
alone or with the t~0o other figures. The response frequency
during control trlals followed chance expectancy and the 8s
reported no indication of success, for they belleved that
they were no more accurate then chance.

Freeman (26) studied the integral operation in the per-
ception of objects with familiar forms presented in four
positions. He found three levels of development: (1) the
level of preperceptive, (2) level of perceptive particular-
ity, and (3) level of perceptive familiarity. He susgested
that part or the figure becomes "focal', while total figure
serves as background.

Gibson (32) investigated the reproduction of forms, using
seven curved and seven stralght flgures, which were exvosed
for 1.5 sec. and then again later for 2 gec. He obsgerved that
the stimull were changed to femiliar objects. The effects for
one figure interacted with the effects for another. Gaps
tended to become closed and curved lines were reproduced as
straight more often than the reverse,

Recognition as & Function of Edge Discrimination: Rubin (92)

made the classical investigations on the effect of the contour
on the verception of & figure. He concluded that, (1) the
figure possesses & contour which the ground lacks, (2) the
figure portion has the character of an object or thing, and

(3) the ground appears to be continuous, extending somehow
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behind the figure. Wever (85) amplified Bubin's position as
follows: After the contrast ratio reaches a certain value, a
reglon of separatlon becomes apparent, extending over an area.
It is grey in quality (for black and white), marking off one
fleld from another, 1In the early stages of the perception,
this separation is not abrupt, for fuzzy contours appear and
then definite boundaries. Shape occurs before contour is
completely formed —-- a gradual transitlon is sufficilent to
outline the shape of the flgure.

Werner (86) found that the contour of one figure could
inhibit the perceptlion of another. A small annulus was pre-
sented and then followed immediately afterwards by a disk,
whose inner Dborder was the same as the inner border of the
annulus, in rapld succession and found that the disk would
not be seen. Reversing the sequence, caused only the disk to
be seen. When the disk was succeeded by a half ring instead
of the full ring, the part of the disk which fits into the
half ring will be absorbed. On the other hand, the seml-disk
which has not fltted into the ring will appear increasingly
dark from the inside out towards its enframed edge. In an-
other study (87), where the disk was presented strobostereo-
scoplcally to one eye and the ring to the other, the digk
gtill disappeared. If the order is reversed so that the ring
appears first, the disk does not disappear. The disappearance
of the disk,when succeeded by the ring, can be observed whether

both figures are seen binocularly, or if one figure 1g presentel
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to the right eye and the other to the left eyea. From this

phenomens, he concluded that higher neural centers are in-

volved, for the observer could enhance or reduce the effect
Intentlonally.

Seward (77) investigated the effect of practice on per-
ception of indistinct forms exposed through a ground glass
window for 1.5 sec. The stimuli were numbers and letters. He
found that the number of letters correctly reported after the
practice session lncreased with further practice. Variability
of response per trial sesslion increased, but the variability
of responses to a given stimulus decreased. Gerathewohl and
Haber (30) performed a similer experiment with aircraft in-
gignia. They presented twelve patterns behind a ground glass
screen simulating haze conditions. The objects were moved to-
ward the Ss until they were recognized, They found, "that
such factors as originselity, symbol strength, and esthetlc
value, as well as form, influence recognizabllity.® In an-
other study, Gerathewohl and Rubinstein (31) investigated
circles, elllpses, squares, rectancles, triangles, and a trap-
ezoid on a simulated PPI scope on the assumption that stimuli
below the recognition threshold appear round. They found that
the triangle, trapezold and circle had a higher frequency than
chaence, while the square, rectangle and ellipse fall below.

Harrison and Phoenix (42) studied the effect of size and
degree of imperfection on the recognition of triandes and

gemi-circles. They found, for sizes between 25-159' of arc,
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that the number of correct responses increased as the object-~

size ratio increased.

As far as 1t 1is known there 1s no published literature
on the effect of manipulating the edge-gradlent systematically
on visual slgnal identificsbtion.
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CHAPTER III
STATEMENT OF THE PROBLEM

Detection of the Visual Sipgnal: The literature indicetes that

vhile areal changes will be followed by systematic changes in
brightness digcrimination (within limitg), the effect of shape
on this function needs further elaboration.

For small slzes, the response appears to be related to
the amount of perimeter present, but becomes independen of this
a8 s8ize increases, Just as the response becomes independent
of ares.

There is also scattered evlidence to the effect that as
the edge-gradient 1s altered, the response to this change will
also be altered.

An sdditional problem that requlres further study 1s the
femiliar versus non-famillar characteristics of the stimulus
and 1ts effect on detection.

Recognition of the Visusl Stimulug: No single geometrlic fig-

ure has been demonstrated ae "best" in terms of lowest thresh-
old. In addition, considerations from Gestalt psychology do
not prove adequate to predict form recognition consistently,

The contour of the figure has been proposed as the "inform
ation® or Ycue" carrier, but no adequate manipulation of this
gradlent has been carried out.

The effect of form famlliarity again is not well defined.
There has been no experimental demonstration that even aimole
forms behave the same across the limits of an homogeneous

region such as the fovea.



Detection Versus Recognitlion: The relationship between prob-

ability of seeing and probabllity of recognition also needs
experimental elaboration. There has been no adequate attenmpt
to determine just how much brightness has to be added to a
detected stimulus in order to recognize it with any efficiency.

Statement of the problem: The purpose of thils investigation

was: (1) To determine the effects of measurable stimulus par-
ameters of oblect gize, shape, and edge-gradlent change on
detection and recognition within one experimental set-up; and
(2) To determine whether recognition efficiency can be pre-

dicted from detection thresholds.



CHAPTER IV
THE EXPERIMENTAL PROCEDURE

A. Subjects: Two young adults, one male and one female
served throughout the experiment. Both 8§ had 20/20 acuity
(Snellen) and no discernable astigmatism (Thomas astigmat
test). The S8s were pald for thelir services at the rate of
one dollar per hour.

B. Apparatus: A tachlstoscope, modlfied to a transluminance
system, as indicated schematically in flgure 1., was used.
The background (B) and stimulus (A B) *"white" light sources
were in parallel circuit, preventing any change in A B/B
ratio with line voltage shift. The background (B) field was
presented at a constent 3 millilamberts throughout the ex-
periment. Photo cell measurements indicated that this (B)
field was homogeneous across its extent, within % 1 percent.
The field illumination dropped slightly at the edge, but this
region was beyond the view of the 8. Color temperature
change from the 15W tungsten lamps was below the perceptive
level. The stimulus illuminstion, A B, was manipulated by
Inserting neutral density filters in the light path. Pupil-
lary accomodatlion was controlled by having the 8s view the
stimuli through a 2 mm aperture (dominant eye). Ambient 1l-
lumination in the experimental room was excluded by enclosing
the 88 head and shoulders within a frame covered by & pho-
tographer's hood.

C. Stimull: Five simple geometric figures and one irregular

figure varying in thelr perimeter to area ratlo were used,
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These figures in order of increasing perimeter were: clrcle,
irregular figure, square, triangle, cross and star. Holding
area conetant, the stimull were constructed by cutting the
figures from black photographic paper. These cut-outs were
then placed on a bright luminous screen and individually pho-
tographed on Super XX film, from a disteance of 171 feet. Ex-
posure for each negative was six minutea. The photographlc
negatives were developed to a gamme of approximately one. Dif-
ferent edge-gradients were obtained by placing various small
apertures in front of the camere lens. Thils introduced a dAif-
fraction gradlent acrosgss the edge of the figures ranging from
& very sharp edge to a blur obscuring most of the contour of
the figure. The maximum sharp gradlent approached & slope of
infinity, while the minimum was sigmold-shaved and gpproached
a 8lope of unity., The three stimulus size ranges were con-
structed by enlarging and printing on contrast plates. The
enlargement process altered the gradient slightly between each
slze range by decreasing the slope by & small increment so
that the change between each slze range was relatlive rather
than absolute. The esgsentlal features of the stimull are
characterized In figure 2, however, to achleve this figure
several intervening photographic oprocesses occurred which al-
tered the appearsnce of the original stimuli somevhat. The
engular subtense of the figures are indicated in Table I.

The slope of the gradients snd extent (95%) of region of

change are indlcated in Teble II.
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TABLE I

Angular Subtensge of the Stimuli in Minutes of Arc

irreg.
Size Circle Fig. Square Trilangle Cross Stear
I 10.0 15.8 9.0 13.2 12.0 17.1
II 54.0 68.0 47,3 72.0 62.0 90.0
111 102.0 146.0 91.0 127.0 117.0 169.0

TABLE II1

The Rate of Change and Width of the Edge Gradients
in Minutes of Arc

Slze Edge I Edge II Edge 111
Slope 62.00 32.60 11.00
I
Width 0.56!' 0.931 3.40°"
Slope 20.90 6.20 1.40
II
Width 2.24' 5.08" 17.90!
Slope 9,60 3.80 0.98
I1I

Width 5.08' 6.73! 20.18"



D. Instructions to the Ss: The 8 was brought into the exper-
imental room and given the following instructions.

In this experiment we are concerned with the orob-
lem of how people discriminate different forms
visually. Please sit dovn in this chair and look
through this eyeplece (E adjusted chin and fore-
head rest until S was comfortable). You are to fix-
gte on an lmaginary center between the four dots.

I will present several figures to you, which will
appear inslde the dots. I will give you a ready
slgnal and then present the figure immediately.
Your task is to tell me what you see. For example,
on some of the trlals you will see nothing, on
otherg, only a dim patch of light and you may not
be able to recognize the figure, and on others, the
figure will be easy to identify. I will give you
several trials and then we will take a rest. If
you become tired, please say so and you can have a
rest. I need your interest and cooperation to ob-
tain reliasble data. Remember, your first response
is to tell me 1f you see anything or not, and then
to identify the figure. Please do not try to guess
the figure, but just tell me what 1t looks like to
you. Are there any questions?

E. Method: The exverimental desigﬁ was & modified method of
single stimuli, in that the combinatlions of shepe, slze and
edge—-gradient were set up in five lists of 54 items each.
These lists were arranged by drawing from the tsble of ran-—
dom numbers without replacement. The contrast condition for
each trial was added by drawing the five increments on chits
until a2ll five values were assigned to the lists. This ran-
domizatlion process was done to minimize the problem of se-
quential dependency whichles recently become a theoretical
end experimental concern (66,76,82). The Ss were presented
seven llsts to acquaint them with the experimental task. The
Ss were than run in daily 13 - 2 hr. sessions, with bresks at

the end of each list, until 25 replications for each stimulus
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condition were obtained (total responses recorded per 85: 6750).
The S began each experimental session with normal daylight a-
daptation. The targets were exposed for two seconds immedi-
ately after the ready signel, and then the response recorded
end & new trlal made ready. Three to four llsts were presented
during regular morning sessions and during occasional after-

noon sesslons.
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CHAPTER V
RESULTS AND DISCUSSION

Reliabllity of the Method: The deta were analyzed first to

establish reliability of the method. This was established 1in
two ways. In the flrst case, the detection and recognition
responses for the first half of the experiment for each S were
correlated wlth those of the second half, using the Pearson
product moment technique. The detection and recognition scores
for the Ss were also correlated. These correlations are in-
dicated below in Table III. It can be seen that the method

employed in this study ylelded rellable data.

TABLE III

Product Moment Coefficients for Reliabllity of Responding

Detection Recognltion
RM 0.89%4 0,900
Within S
EF 0.973 0.937
Between Sa R X EF 0.840 0.954

An additional check on reliabllity of responding was in-
troduced by using & blank for the smallest contrast increment
for Size III. Only one 8 responded incorrectly, and with only
one regoponsge for a total of 900 control trials.

The results of these correlations indicate that the Ss
were attending primarily to the stimulus condltlions, and not

to the sequences of trials involved. This appears especially

50 when one considers that only one incorrect response was
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given for the entire number of control trials. Had guessing
been permitted, the rellability of thls method would probably

have been reduced.
The Determination of the Detectlon and Recognition Functions

The detection funciions were obtained by determining the
percent frequency of detectlion responses for the five contrast
increments and then, using the probit technique (24) fitting a
straight line to these polnts. These data were also plotted
on log probability pacer and no eppreciable change in thresh-
old wae found. The 50 percent detection threshold values are
indicated in figures 8 and 4 and are plotted over size and
increaslng perimeter to area ratio.

The recognition functlons were established in the same
manner as for detection, and the 50 percent thresholds are
indicated in fipgures 5 and 6, These data, for both detection

end recognition, were not corrected for guessing.
Effect of the Experimental Varlables on Detection

_Size: Due to the slight shift in edge-gradlient with each size
increase, the effect of size could not be analyzed by analysis
of variance. However, the effect of size can be deduced from
figures & and 4. It can De seen that the threshold decreases
rapldly at first, and then begins to level off. This finding

is consistent with previous areal studles, except that the func-

tlons vreviously reported became asymptotic at 60' of arc for
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Figure 8. Fifty Percent Correct Recognition
Thresholds. Sublect: EF.




binocular viewing. The slight decrease in threshold beyond
80' in this study 1s no doubt due to the monocular viewing
through an aperture - a condition known to reduce the inci-
dent 1llumination level on the retina.

Shape: ©Since analysis of thresholds by a variance technique
may obscure any effect of the slope of the functiong, these
data vere analyzed both for threshold effect and for the rate
of change effect by analysls across the contrast increments.
Bartlett's test for homogeneity of the varliance was carried
out first on the 50 percent threshold data and the regultant
Xg's were not signlificent. The thresholds were than asnalyzed
by analysis of varlience and the results are Indicated 1n
Tables IV-A through Vi-B.

The frequency of response over contrast increments were
then analyzed by anelysis of variance to determine whether the
slope effects was essentlally the same ag for the results of
the threshold ansalysis. Agein the X%y from Bartlett's test
on the frequency scores were not significant. However, an
anguiar transformation was performed to reduce further the
pogsibllity that the variance was a result of chance effects.
The results of the varlance analysis for the responses to
contrest increments are summarized in TablegVII-A through IX-B,

Analysis of variance on the detection thresholds indi-
cates no appreclable effect for shape, exceont in the largest
size for one 8. However, when the results of the analyses of

verisnce on the scoresg acrogs contrast increments are examnined



TABLE IV-A

ANALYSIS OF VARIANCE FOR LOG DETECTION THRESHOLD DATA

Source

Flgure
Edge
Remainder

Totel

88

. 060
027

.057

. 144

SIZE I. SUBJECT: RM
af NS
5 .0120
2 L0135
10 . 0057
17
TABLE IV-B

2.10
2.36

ANALYSIS OF VARIANCE FOR LOG DETECTION THRESHOLD DATA

Source

Figure
Edge

Remainder

Total

*#%3ignificant at the ,001 level of confidence.

88

047
.054
.091
.192

SIZE I. SUBJECT:

arf

EF

MS

. 0094
L0270
. 0091

1,08
29, 67www
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TABLE V-A
ANALYSIS OF VARIANCE FOR LOG DETECTION THRESHCLD DATA

8IZE II. SUBJECT: RM
Source 88 af MS F
Figure .042 5 .0084 2.04
Bdge 120 2 . 0600 14,635%%
Remainder .041 10 L0041
Total . 203 17

*##S1gnificant at the .01 level of confidence.

TABLE V-B
ANALYSIS OF VARIANCE FOR LOG DETECTION THRESHOLD DATA
SIZE II. SUBJECT: EF

Source 88 ar MS F
Figure .045 5 . 009 4,00%
Edge 074 2 .037 205, 55%*#
Remainder .018 10 .0018

Total L1a7 17

*#Significant at the .05 level of confidence.
**¥3ignificant at the .00l level of confidence,
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TABLE VI-A

ANALYSIS OF VARIANCE FOR LOG DETECTION THRESHOLD DATA

Source

Figure
Edge
Remainder

Total

SIZE III. SUBJECT: RM

ss ar MS F
.035 5 . 0070 4,11%
.147 2 .0735 43, 25%
017 19 .0017
.199 17

*gignificant at the .05 level of confidence.
##¥gignificant at the .001 level of confidence.

TABLE VI-B

ANALYSIS OF VARIANCE FOR LOG DETECTION THRESHOLD DATA

Source

Figure
Edge
Remainder

Total

SIZE III. SUBJECT: EF

ss ar MS F
.051 5 .010 55,338k
.216 2 .108 360,00%**
. 003 0 .0003
. 270 17

*##5ignificant at the .001 level of confidence,



TABLE VII-A

“46

ANALYSIS OF VARIANCE OF FREQUENCY OF DETECTION RESPONSES

Source

Edge
Figure
Contrast

Interaction
EXTF

EXC
FXC
EXFXC

Total

SIZE I. SUBJECT: RM
88 art ME F
900, 54 2 450,27 35.84%
1178,77 5 235.71
46178.66 2 23089,338 111 ,70%e*
2868.5%2 10 286.85
481,77 4 120.44
- 203.54 10 20.55
2543 .61 20 117.18
52076.10 55

*Significent at the .05 level of confidence.
*##¥8ignificant at the .00l level of confidence.



TABLE VII~B

ANALYSIS OF VARIANCE OF FREQUENCY OF DETECTION RESPONSES

Source

Edge

Figure
Contrast
Interaction
EXF

EXC

FXC
EXFXC
Total

SIZE I.

S8

1012.19
522.85
46646,12

1708.87
1972.18
457.82

2518.00

54638.,03

SUBJECT: EF

af

10

4
10
20
53

MS

506.09
104.57
23523.06

170.88
493,04

45.78
115,90

*Significent at the .05 level of confidence.

#%**3ignificent at the .00l level of confidence.

4,37%

201, 2o%#*

4,25%



TABLE WEIT-A

ANALYSIS OF VARIANCE OF FREQUENCY OF DETECTION RESPONSES

Source

Edge
Flgure
Contrast

Interaction
EXF

EXC
FXC
EXPFXC
Total

#*#3ignificent

SIZE I1I. SUBJECT: RM

8s ar MS
6073 .94 2 3036.97
1773 .40 5 354.60
55966 .93 3  18655.64
2107.55 10 210.75
1656.76 6 276,12
1463.18 15 97.54
315.61 30 10.52
69357 ,37 53

at the ,001 level of confidence,.

£288,68%*+
33, 70%*%

1773,54nn%

20,03 *xw
26, 24 % *»
9,18%%**
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TABLE VIXE-B

ANALYSIS OF VARIANCE OF FREQUENCY OF DETECTICON RESPONSES

Source

Edge
Figure
Contrast

Intersction
EXPF

EXC
FXC
EXFXC

Total

#¥#¥¥S1gnificant at the .00l level of confidence.

SIZE II.

88

4514 .51
2109.44
59658,74

545, 57
9478,62
1901.02

_2693.49

80801, 3¢

SUBJECT: EF

af

(9 B \v]

10

6
15
30
53

MS

2257.828
421.88
13186, 24

54.55
1596.45
128.72
86,44

£4,9B%*#
4,00%*%

152, 54%#*

18,45%%%

49



TABLE .IX-A

ANALYSIS OF VARIANCE OF FREQUENCY OF DETECTION RES-ONSES

SIZE III. SUBJECT: RM

Source S8 ar MS
Edge 10054.94 2 5027 .47
Figure 2015.14 5 403.02
Contrast 45590, 58 3 15196.86
Interaction

EXF 928.65 10 92.86
E XC 5058.61 6 845,10
FXC 742.70 15 49.51
EXFXC 1017,92 S0 33,95
Total 65408.54 53

*#%gignificant at the .00l level of confidence.

*Significant at the .05 level of confidence.

177, 64%#%
11, 87

447, 8g%¥*%

2.73%
24 , B4 ##



TABLE . IX-B

-1

ANALYSIS OF VARIANCE OF FREQUENCY OF DETECTION RESPONSES

" Source

Edge
Figure
Contrast

Interaction
EXF

EXC
FXC
EXPFPXC
Total

»##gignificant at the .00l level of confidence.

SIZE III.

S8

12355.75
2265.02
41372.91

618,45
2975.69
867.58

807 .88

61259.08

SUBJECT; EF

af

M8

6176.87
452.60
15790.97

6l.84
495.94
57.82
26.92

*8ignificant at the .05 level of confidence.

229 ,30%#n
16,8 #uw
512, 29%**

2,22%
19,42%*#

2.11%



H<

(Tebles VIFA through IX -B), one can see that while shape is
not significant for the small size, 1t 1s for the two larger
slzes. The Cross and the Irregular figure anpgear to be con-
tributing the greater part of the shape varliasnce. Krigto-
pherson's (60) date also showed an increease in threshold for
the Cross. The comparative increase in threshold for the
Irregular figure may be & result of the unfamiliarity of this
figure. Furthermore, the high threshold for this figure may
be due to the lack of subliminal cues, (due to corners, angles,
etc.) as King et al (53) found thelr figures were seen cor-
rectly when presented at threshold level, even though the 8s
believed that they were not doling better than chance perform-
ance.

Edge~-cradlent: That edge is an important factor in detectlon

cen be seen from the results of the analyses of variance for
thresholds and for conftrast scores. The variance due to the
edge—-gradient change isg elgnificant, except for one 8 in Size
I. It will be recalled that at this silze level, the amount of
change which can be manipulated is very small.

The effect of change in the edge-gradient 1s not uniform
for all figures. This can be seen from the fact that most of
the interactions are highlv significant for the two larger
sizes (Tables Vill~A throughIX-B). Thus, any attempt to predict
edge-gradient effects must take thils interaction into consid-
eration.

The increase in threshold across the edge cannot be



edequately explained by the slight reduction in area due to

the blurring of the edge. For ocne thing, the threghold for

size becomes asymptotic at aoproximately 60'. Furthermore,

the increase in threshold is much greater than would be pre-
dicted from such slight decreases ln area.

The statement by Bartley (4) that, "Whatever depresses or
destroys the border formation, obliterates the appreciation of
the brightness & surface would otherwise have'. (p. 251), ap-
pears to be supported by this exveriment.

The data of Kruithof and Z1j1l (61) indicated that the
edge of a 5.2° circle cen be blurred to 7! before contrast of
the target had to be increased to maintain a threshold re-
sponse. Similarly, the data from Middleton's (65) experiment
indicates that the gradient between two brightness fields can
be blurred to 5' before the contrast on one has to be increased
for the 8 to report them as different. The results of the
present study indicates that both of the above reports fail to
provide an explanation of edge effects since they did not re-—

veal the relative effect of edge acrosgs slze.
Ef fect of Experimental Variables on Recognition

S8lze: The relative change in edge—gradlent precluded snelysis

of variance across the size increase. Again, as with detection,
the threshold decreases rapldly at first and then levels off.
However, the contrast needed for 50 vercent recognition is

greater than that needed for detection. (Figures 5 and 6.)

53



Shape: The threshold data and the rate of chenge data were
agein analyzed by analysls of varliance.

Bartlett's test indicated the X°'s for threshold and
rate of change, variance were not significant.

Analysis of variance for thresholds (Tables X =# through
X¥qfaB' indicate ths.t the figures do not differ significantly,
exceot in one case (Table X -B). However, when the analysis
of varisnce on the transformed contrast scores (Tebles XIII-A
through XV-B) are examined, the shape variance 1s seen to be
highly significant in all cases except one (Table XIII-A)}.

It does not apvear that the Gestalt conceot of "simplicity"
based on the perimeter to area ratlio is adequate to predict the
shape effects for these data. The Squaré and the Triangle ap-
pear to be the most efficlient figures, while the Irregular
figure, Cross and Star are much less effective.

Edge=gradient: The recognition threshold, as in the case for

detection, followed the reduction ln steepnegs of the edge-
gradient wlith a systematic increase in threshold. This isg
borne out by both analyses of variance, for in all caseg the
edge effect was slgnifilcent, ugually at the 0.001 level. A
glance at figures through indicates that the effect of de-
crezse 1n edge sharpness on the contrast threshold 1s slightly
more pronounced than for detection. Also, as in detection,
the Cross and the Irregular figure appear to contribute the
main portion of the variance attributable to shape.

Recently Day (19) attempted to exolain form perception on



TABLE X ~A
ANALYSIS OF VARIANCE FOR LOG RECOGNITION THRESHOLD DATA

SI1ZE 1. SUBJECT: RM
Source 88 af M8 F
Figure 095 5 .07g 3.06
Edge . 232 2 .118 4,49%
Remainder . 258 10 .0258
Total . 885 17

*Jignificent at the .05 level of confidence.

TABLE X =B
ANALYSIS OF VARIANCE FOR LOG RECOGNITION THESHOLD DATA
S8IZE I. SUBJECT: EF

Source 88 af MS F
Figure L3311 3] .066 23,57
Edge . 046 2 . 173 61, 7gH**
Remainder 028 10 .0028

Total . 705 17

*¥#5ignificant at the .00l level of confidence.



TABLE ~ XI-A

ANALYSIS OF VARIANCE FOR LOG RECOGNITION THRESHOLD DATA

Source

Figure
Edge
Remainder

Total

SIZE II.

88 ar
.193 5
.331 2
091 10
.615 17

SUBJECT:

MS F
.038 4,17%
.165 18, 15%%#
.0091

*¥Significent at the .05 level of confidence.
*##gignificant at the .00l level of confidence.

TABLE ~XI =B

ANALYSIS OF VARIANCE FOR LOG RECOGNITION THRESHOLD DATA

Source

Figure
Edge
Remainder
Total

**gionificant

SIZE II.

88 af
.0986 b
084 2
. L84 10
. 554 iv

at the

SUBJECT: EF

MS F
.019 1.03
.192 10.65%%
.0184

.01l level of confidence,

o6



TABLE XII=A
ANALYSIS OF VARIANCE FOR LOG RECOGNITION THRESHOLD DATA
SIZE III. SUBJECT: RuM

Source g8 af M8 F
Filgure .060 5 .01l2 2.50
Edge .429 2 214 42.50%%*
Remainder .048 10 . 0048

Total . 537 17

*¥¥3ignificant at the ,001 level of confidence.

TABLE XIL-B
ANALYSIS OF VARIANCE FOR LOG RECOGNITION THRESHOLD DATA
817K III. SUBJECT: EF

Source 88 af M8 F
Figure .098 5 .0196 1.24
Edge .462 2 . 231 14,71%»
Remginder . 157 10 . 0167

Total .717 17

*¥Zignificant at the .01 level of confidence.



TABLE XIII-A

ANALYSIS OF VARIANCE OF FREQUENCY OF COR: ECT
‘ RECOGNITION RESPONSES

Source

Edge
Figure
Contrast

Interaction
EXPF

EXC
FXC
EXPFXC

Total

#¥**Z8ignificant at .00l level of

SIZE I,

38

1698.74
398.07
20566.09

4694 .73
1599.19
4703 .30
1l066.52
54656.64

SUBJECT: RM

ar s
2 849,37
5 65.61
2 10285.04

10 489, 47
4 399,79

10 470.05

20 53.32
53

confidence,

15,92%*#

192, go#**

8, 80%k*
7. 49HE#
8,81 *u#



TABLE XI1I-B

ANALYSIS OF VARIANCE OF FREQUENCY OF CORRECT
RECOGNITION RESPONSES

Source

Edge
Figure
Contrast

Interaction
EXPF

EXC
FXC
EXFXC

Total

#r¥gionificant at the ,001 level of confldence.

8IZE I.

g8

1842.67
2049.15
22252.51

1750.29
1503.82
878.19

31062.54

SUBJECT:

af

10

4
10
£20
53

EF

MS

921,38
409,83
11116.25

175.02
375.95
87.19
40.29

¥*gignificant at the .0l level of confidence.
*Zignificant at the .05 level of confidence.

22,.68% %%
1O L7%%#
275,90 %

4, 34%%
G,33%n*

2.16%
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TABLE XIV=-A

"60

ANALYSIS OF VARIANCE OF FREQUENCY OF CORRECT
RECOGNITION RESPONSES

Source

Edge
Figure
Contrast

Interaction
EXF

EXC
FXC
EXFXC
Total

SIZE II.

88

10054,94
2081.18
42487.10

1175.30
2285.14
252.62

_2400.98

62574.11

SUBJECT: RM

ar M8
2 5027.47
5 598, 25
3 14162.36

10 117.53
§] 380,562
15 15.50

30 30.03
53

###gionificant at .00l level of confidence.
**gignificant at .0l level of confidence.

62, BL#**
7,47 RER

176, 0"

4,75%%



TABLE XIV-B

ANALYSIS COF VARIANCE OF FREQUENCY OF CORRECT
RECOGNITION RESPONSES

Source

Edge
Figure
Contrast

Interaction
EXPF

EXC
FXC
EXFXC

Total

¥##3ignificant at the .001 level of confidence.

SIZE II.

85

10142.93
2731.18
o7771,15

624 .87
176.05
1358,15
5225.69
56050,00

SUBJECT; EF

ar NS

2 5071.46

5 546, 23

3  12590,37

10 62.48

6 19.34

15 90.54

30 107.52
55

¥*dignificant at the .01 level of confidence.

47, 1ow**
5.08%*
117,00%##*
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TABLE XV-A

"6

ANALYSIS OF VARIANCE OF FREQUENCY OF CORRECT

RECOGNITION RESPONSES
8IZE III. SUBJECT: RM

Source 88 ar

Edge 19641.72 2 9820,
Figure 4081.91 5 816.
Contrast 32478,68 3 1082¢.
Interaction

EXF 620.00 10 62.
EXC 1032.71 6 172,
FXC 428,29 15 28.
EXFXC 1373.67 30 45.
Total 59666.98 53

wt#gionificant at .00l level of confildence.
#¥#33onificant at .0l level of confidence.

MS

86
36
22

00
11
55
78

214, 52%%x
17.83%%%
236,48 #w

3.75n%



TABLE XV-B

ANALYSIS OF VARIANCE OF FREQUENCY OF CORRECT
RECOGNITION RESPONSES

Source

Edge
Figure
Contrest

Interaction
EXF

EXC
FXC
EXFXC
Total

*##*gienificant

SIZE III. SUBJECT: EF
8s at MS
19498.79 2 9749.39
4152.04 5 830.40
3648L.72 3  12180.57
656.72 10 65.67
3199,16 8 533.19
861,26 15 57.41
5151.60 30 104,38

67981, 29 53

gt .001 level of

confidence,

93 , 40 #*
7.5
116,49%%*

5.10%**
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the basis of the statistical theory of Marshall and Talbos.
Day's sccount, however, is inadequate since forms can be rec-—
ognized below the temporal level of 10 millisec. where nystag-
mic scan 1s of practically zero frequency. For example, Hart-
line (43) has shown that a brief flash of 1light, if bright
enough, cun maintain the frequency of impulses in the optic
nerve tract at a high amplitude for nearly 60 sec. Further-
more, it 1is difficult to exolain how scanning an edge as wide
a5 some uged in this study (20') could generate a "ridge of
excitation" about such & blurred contour. An energy rate Alg-—
crimination resvonse appears more olausable in the light of

the known data.
The Relation of Detectlon to Recognition

Examinatlion of Tables X—-A through XV-B indicate that in-~
teraction effects are a functlon of size. For detectlon, in-
teraction is least for the small size and then lncreases over
the other two sizes. For recognition, this relationship is
reversed., The lnteraction effect 1s greatest for the small
gize and falls to a low level for the other two sizes. The
above indicates a gqualitative Aifference between the two pro-
cegses - &a difference which must be consldered in any theoret—
ical attemot to predlct recognition performance from detection
data.

Effects of thls interaction are brought out further by an

evaluation of response categories utilized, (Tables XVI-A
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TABLE XVI-A
RESPONSE FREQUENCY TO EACH STIMULUS CATEGORY

SIZE I. SUBJECT: RM

Stimulus Irreg.

Slide Circle Figure Square Triangle Cross Star Diamond Dot Yes No Total
111 42 3 9 1 - - - - 20 50 125
112 38 1l é 1l - 2 - - 18 59 125
113 19 - 15 - 3 - - - 27 61 125
121 - 58 - - 1 2 - - 18 49 125
122 - 54, 1 3 2 2 - - 13 50 125
123 2 52 - - - - - - 25 46 125
131 1 1 46 2 1 1 - - 17 56 125
132 6 - 48 1 - - - - 22 48 125
133 2 - 23 - 1 1 - - 3 64 125
141 1 2 - 60 - - - - 12 50 125
12 - 5 - 53 1 3 - - 8 55 125
143 - 1 1 32 6 - - - 17 68 125
151 - - 1 - 52 2 - - 13 57 125
152 - - - - 53 2 - - 13 57 125
153 1 - - 1 26 5 - - 22 170 125
161 - - - 1 24 26 - - 10 &4 125
162 - - 1 1 29 28 - - 6 60 125
163 —= —_ = - 24 19 = = 1; 58 125

1z 17 151 156 233 93 0 0 306 1022 2250

-

g.



Stimalus
Slide

112
113
121
122
123
131
132
133

143
151
152
153
161
162
163

TABLE XVI-B
RESPONSE FREQUENCY TC EACH STIMULUS CATEGORY

SIZE I. SUBJECT: EF

Irreg.

Circle Figure Square Triangle (Cross Star Diamond Dot Yes No
48 - 11 - - - - - 15 51
39 - 4 - - - - - 17 65
33 - 17 - 1 - - - 17 57

2 50 - - - - - - 16 57
3 43 - - - 2 - - 18 59
9 45 2 - - - - 1 17 51
9 - 57 1 1 - - - 9 48
9 - 56 - - 1 - - 1, 45
12 1 27 - 1 - - - 4 70
3 - - 63 - - - - 9 50
5 - 1l 49 - - - - 8 52
6 - 3 35 - 1l - - 12 68
1 - - 2 40 2 4 1 20 55
g8 - 1 - 43 2 - - 13 58
5 - 1 - 23 5 2 - 6 73
2 - 1 1 11 35 - - 13 62
1 - 1 - 17 28 2 - 15 61
_6  _- - - 28 13 2 1 23_%5
201 139 172 151 165 89 10 3 276 103,

Total

125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125

125
2250

99.



Stimulus
Slide

211
212
213
221
222
223
231
232
233

243
251
252
253
261
262
263

TABLIE XVII-A
RESPONSE FREQUENCY TO EACH STIMULUS CATEGORY

SIZE IX. SUBJECTs RM

Irreg.

Circle Figure Square Triangle Cross Star Diamond Dot Yes No Total
gl - - - 1 - - - 1 42 125
63 - - - - - - - 1 61 125
50 - 1 1 - 2 - - 10 61 125

- 64 2 - - - - - 6 53 125

- 50 - - - - - - 2 73 125

- 38 1 - - - - - 12 T4 125
1l - 76 4 1 - - - 2 Al 125

3 - 67 1 - - - - 5 49 125
11 - 36 - - - - - g 170 125
- - - 86 1 - - - 2 36 125

- - T - 81 - - - - - L, 125

- - - 49 1 - - - 5 70 125

- - 1 - 63 4 - - 6 51 125

- 2 - 1 60 1 - - 4 57 125

- 1 - 2 31 13 - - 7 71 125

- - - - 6 70 - - 3 46 125
1l 2 - 3 7 67 - - 3 42 125
—_ 1 — — -2 20 = = 90 _1 125
210 158 184 228 180 187 0 0 87 1009 2250

29.



Stimulus
Siide

211
212
213
221
222
R23
231
232
233
241
242
R43
251
252
253
261
262
263

Clrcle

70
69
48

|I TTHFY 1 HPFrwvwiRHFWYY

199

TABIE XVII-B
RESPONSE FREQUENCY TO EACH STIMULUS CATEGORY

SIZE 1I. SUBJECTs EF

Irreg.

Figure Square Triangle Cross Star Dlamond Dot Yes No Total
- 5 2 - - - - 7 Fal 125
- 2 1 1l - - - 9 43 125
- 3 1 - - - - 18 55 125
62 - - - - - - 10 53 125
54 - - 2 1 1 - 6 €1 125
39 1l - 1 - - - 12 69 125
- 90 - - - - - 5 29 125
- 78 1 - - - - 10 35 125
- 51 2 - - - - 1 56 125
- - 85 - - - - 2 38 125
1 - 4, - - - - 6 43 125
- - 54 - - - - 13 58 125
- - 1 78 A - - 5 37 125
- 1 - 72 2 - - 8 42 125
- 1 1 33 6 4 - 15 6/ 125
- 1 - 4 73 - - 4 43 125
1 - 1 5 77 - - 2 39 125
- - - - L ~= A9 _70 125
157 233 223 203 200 5 0 153 876 2250
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Stimulus
Slide

311
312
313
321
322
323
331
332
333
341
342
343
351
352
353
361
362
363

TABLE XVIIT-A
RESPONSE FREQUENCY TO EACH STIMULUS CATEGORY

SIZE III. SUBJECT: RM

Irreg.

Circle Flgure Square Triangle Cross Star Diamond Dot Yes No Total
75 - - - - - - - - 50 125
59 1 1 1 - - - - 2 61 125
30 - 3 - - - - - 9 83 125

2 42 - - - - - - 10 7 125

3 37 - - - - - - 2 83 125

3 9 1 1 5 - - - 8 98 125

- - 67 4 - - - - 1 53 125

1 h 6/ 2 - - - - 2 55 125
13 - 15 2 - - - - 6 89 125
- 1 - 73 1 - - - - 50 125

- - - 58 - 1 - - 1 65 125

- - - 26 - 1 - - 3 95 125

- - - - 56 1 - - 3 61 125

1 - - - 46 1 - - 4 73 125

- - - 1 11 13 - - 9 91 125

- - - - 1 69 - - - 55 125

- - - - 4 56 - - 1 64, 125
— ~ —= _2 -8 1 = = 6 9 128
187 89 151 170 128 156 0 0 67 1292 2250



TABLE XVIII-B
RESFONSE FREQUENCY.TO EACH STIMULUS CATEGORY

SIZE III. SUBJECT: EF

Stimulus Irreg.

Slide Cirele Figure Square Triengle Cross Star Diamond Dot Yes No Total
311 61 - 1 - - - - - 2 61 125
312 49 - 1 - - - - - 9 66 125
313 23 - 4 - - - - - g8 90 125
321 - 48 - 1 - - - - 8 68 125
322 - 27 - - - - - - 7 o1 125
323 1 4 1 - - - - - 13 106 125
331 - - 69 - - - - - 3 53 125
332 - - 60 - - - - - 2 63 125
333 4 - 23 - 1 - - - 5 92 125
341 - - - 70 - - - - 2 53 125
342 - - - 57 - - - - 3 65 125
343 1 - - 26 - - - - - 98 125
351 - - 2 - 64 3 - - 3 53 125
352 1 - - - 47 2 1l - 7 67 125
353 2 - - - 8 6 1 - 1 9% 125
361 - - - - 1 70 - - 2 52 125
362 - - 1l - 3 53 - - 1 &7 125
363 = —_ — — —4 20 = - 8 .93 125

12 79 162 154 128 154 2 0 97 1332 2250

04,



through XVIII-B). For size I, both Ss renorted "nothing" and
Yves" with almost equal frequencies. There were individual
differences for figures, between the Sg, but the over all
trends were quite similar. For example, both Ss reported Cir-
cles as "Squares" about as often as Squares were called "Cir-
cles", The same holds essentially for all sizes except for
the extreme blurred Square. This figure was called "Circular"
a slightly greater number of times ~ an outcome which is not
surprising for stimuli with blurred contours. The Star tended
to be confused with the Cross more often than the Cross with
the Star. Aslde from these two conditions the figures are
essentlally independent, in that, for the two larger sizes
egpecially, few incorrect resoonse categories were used, and
the frequency of the "yes" response falls to a much lower level
than for sizel. The regoonse to form appears to be ihdependent
of well defined contours in that correct categories were us-
unally assigned when any dlscrimination was made. This seems to
support Gibson's (34) position that the explanation of form |
perception requires a theory.of how symbols are comprehended
and utillized. In the present study, the correct category was

revorted even when cues from the edge were at a minimum.

The Prediction of Recognitlion Thresholds from Detectlon Data

The contrasts ylelding thresholds of 50, 75 and 25 percent
detection (as determined from the detection function) were fit-

ted to the recognition functlons and the predicted frequencies
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of recognition recorded. These relationshins are presented in
Tebles XIX-A and XIX-B. It 1s apoarent thet the 50 percent
thresholde for size I will predlict low recognition performence.
However, —hen we turn to size III the recognition level hasg
rapidly approached that for detection. Thus, it appeare that
as slze increases, recognition performance rapldly approaches

detectlion performance a&s a limit.
Implications for Further Research

The approach of this study in manipulating stimulus for
contour across s8lze and shaoe of the target has implications
for the following areas of research.

(1) At the physiological level there is a need to deter-
mine the relationship of edge-gradient change to the On/Off
mechaniam of the retfina.

(2) Since form dlscrimination in lower animals has not
been systematically manipulated, comparative studies in this
area might prove relevant for comprehensive visual theory.

(3) The role of the edge-gradient would be critical for
eny account of the phenomena of figural after-effects. There
is therefore & need to delineate whether contour 1ls a rele-
vent varisble for establishing after-effects (Kohler and
Wallack) .

(4) In perticular, studles are needed in which the area of
the target 1s systematically impoverished in order to determine

if discrimination 1s based on edge factors or on some edge-area
combination.



TABIE XIX-A

RECCGNITION EFFICIENCY PREDICTED FROM 50, 75 and 95 PERCENT DETECTION THRESHOLDS

SUBJECT: BRM
SIZE I, SIZE II, SIZE III.
Stimus
Slide R.d 50 R.d 75 Ry 95 Rq 50 Rq 75 Ry 95 Rq 50 Rg 75 Rq 95
n* 3.0 8.0 18,0 31.0 50,0 71.0 50,0 72.0 95,0
12 0,0 0.2, 245 31,0 61.0 93,0 43.0 5440 740
13 0.5 0.2 1.0 40 10,0 2240 19,0 30,0 54.0
21 24.0 26,0 44,0 29.0 43.0 68.0 2.0 5440 91.0
22 15,0 20,0 26.0 15,0 36,0 66,0 20,0 58,0 93,0
23 8.0 13.0 26.0 14.0 34.0 64.0 1.4 10,0 40.0
31 1.5 40 17.0 32.0 49,0 6.0 36,0 70,0 92,0
32 0.3 0.9 7.0 20,0 40.0 66,0 40.0 4640 5440
33 0.8 1.2 3.0 5.0 13.0 39.0 2.0 5.0 16,0
41 13,0 22,0 64.0 42,0 54..0 740 48,0 72,0 95,0
42 1.6 40 7.0 48.0 70,0 95,0 50,0 7440 95,0
43 3.5 9.0 2.5 34.0 62.0 87.0 21,0 56,0 90.0
51 16.0 3000 56‘0 3-0 15.0 52-0 3800 50.0 6200
52 13.0 20,0 30,0 20.0 34.0 55.0 24.0 38,0 70.0
53 100 200 5-5 5-0 2000 4800 0-9 2-5 uno
61 1.8 3.0 7.0 18,0 26.0 38,0 49.0 72.0 95.0
62 8.0 1.0 16.0 15,0 22,0 3440 35.0 50,0 74.0
63 7.0 10,0 19,0 0.4 1.6 7.0 10.0 36.0 84.0

*Code: circle, Edge I.

oL



Stimulus
Slige Rq 50 -
11% bLeb
12 0.0
13 0,0
21 1.0
22 0.7
23 1.0
31 0.3
32 545
33 0.1
41 4.0
42 0.3
43 1,2
51 2.0
52 1.6
53 6.0
61 Ou4
62 0.3
63 1.2
*Code: circle, Edge I.

TABIE XIX-B

RECOGNITION EFFICIENCY PREDICTED FROM 50, 75 and 95 PERCENT DETECTION THRESHOIDS
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CHAPTER VI
SUMMARY AND CONCLUSIONS

Slze, shape and edge-—gradlent of a visual stimulus are
known to affect both detectlon and recognition.

Problem: This investigation was designed: First, to determine
the effects of gtimulus size, sheape and edge-gradient on de-
tection and recognition. Previously the affects of these var-
lables were determined independently. Second, to determine
whether recognlition efficiency can be predicted from detection
thresholds.

The brightness contrast thresholds for two S8 were de-
termined for figures varylng in thelr perimeter to area ratio.
The figures, Circle, Irregular figure, Square, Triangle, Cross
and Star vere presented over three foveal sizes and three edge-
gradient oconditions for each slze range.

The Findings:

I. Detection:

(1)Size, 1Increase in size decreases threshold at a de-
creaeging rate.

(2)Shape. The stimulus shave 41d not affect detection
thresholds for the sﬁallest size targets. However, for the
two larger sizes, stimulus shape does influence the detection
threshold.

(3)Edge-gradient. Decreases in the steepness of the
edge-gradient were esyvstematically assoclated with increases

in the detection thresholds.



II. Recognition:

(1)S1ze. 1Increase in stimulus size increases the fre-
quency of correct recognition responses.

(2)8hape. The shase of the stimulus had a significant
effect on the recognition threshold. The Irregular figure and
the Cross had higher thresholds in general, than d4ld the Circle
8quare, Triangle, and S tar. Few "circle" responses were given
to non-circular forms, This latter finding 1s contrary to pre-
dictions from the Gestalt theory. Predictions based on such
physical parameters as area, amount of nerimeter, of perimeter
to area raetio could not adequately predict the present findings,

(3)Edge-gradient. A decrease in the steepneas of the edge-~
gradient systematically increased the threshold for recognitiom.
This increase was slightly more pronounced than found for de-
tection. The use of incorrect response categoriesg did not ine-
crease appreclably as the steepness of the edge-gradient de-
creased. In fact, the 88 stopped responding altogether to the
very blurred figures.

IIT. Detectlion versus Recognition:

(1)A size of a stimulus increases, recognition thresholds
regress on the detection threshold ag a limit.

(2)The familiarity of stimulus forms appears to affect
both detectlon and recognition functions. Non-femiliar forms,
eg, lrregular shape, had higher thresholds than 4id figures
like the Circle and Square. )

76
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The basic response of the visual mechanism is the dis-
crimihatiOn of changes in luminous intensity in the visual
world. This discrimination consists of (1) detecting the
presence of a signal, and {2/ assigning this signal to a cat-
egory which has definitive ciaas properties (recognitionl.
Detectioni In the attempt to establish the charscteristics
sf the stimuiua for the detection response, amount of area
and amount of edge of the obJect, have been advanced as de=
temmining factors. One group of investigators propose that
as area is increased, the detectlion ihreshold will decrease
systematically end that this responge 1s independent of the
shape of the object. These investigators have favored a
view that as stimulus sizeé inoreases a larger number of ret-
inal receptors are fired and accordingly the detection
threshold is reduced.

On the other hand, other investigstors hold that the
detection responge 1s dependent upon the amount of edge or
perimeter of the object. These investigstors, however, are
divided into two theoretical groups. OUne group proposes
thet the contrast disparity at tre edge activutes the post-
retinal reural mechanism and that differentiel stimulation
of a row of receptors will account for brightness digcrimi-
nation. ¥he other group has advenced the theory thsat bright-
ness discrimination results from the retinal scanning essoc-

lzted with eye=-movements.



Certain criticiams and gaps in our knowledge prevent
the choice of any 8ingle theory at this time. For example,
the scanning theory 1s inadequate since studies.have shown
that the detection responsge c¢an occur at temporel intervais
80 small that the frequency of scanning movement is egasen-
tially zero. Similarly, the sarea explanation 18 deficient

in thet detection thresholds differ for stimuli équal in area
but varying in shape. Yinelly, the lack of informetion on
the relationship betwee; changeés ln tine edge-gradient and the
detection threshold leaves the adequacy of the second theory
undetermined.

Regppnitiops Gestelt tneory would predict thet the threshold
for form will increcse as the ratio of perimeter to srea in-
creeses, providing areas is constant. #&ccordingly, the circle
is regarded as the slmplist figure and should have tine lowest
detectiorn and recogrition thresholds.

In contrest to this epproach, the date from otier studies
indicate that the role of shape is not clear. For example,
other figures, such &s the square and the trianéle have been
discriminated more reedily then the cirele. Nurthermore,
eny theory of ghape discrimination must specify the role of
shape size in recognition. In this regpect liitle syste-
matic emperical information is avallsble.

Whatever the theoreticel position inveatigators have

adopted, all agree that the contour of & figure is the “ecue®

- -~



;ﬁéfxgr % nformation® carrier for sbape identification. However,
varzations in t%ﬂ contour-gradient_nave not been sgystematlic-
ally studied and at the present time the precise reletionship
between wnitour end recognition is uncertain.

The prelstlop of Uetection to Secognition: The relationsulp

between recognition and detection has received little ex-
perimentel attention. Nevertheless, it ia apparent thst a
comprehenaive asccount of form récognitlion must include some
statemont of the relationsilip of recognition to detection,
For one thing, what is the reletive contribution of such ver-
iables as area, end edge~-gradlent to recogrnition as opjosed
to detectiont Furthermore, can detectilon messures be util-
ized to predict”recognition performance?

Froblem: The investigation was degigned to determine the
effects of si=, shape and edge-gradient on détection and
recogrition. In addition, this study sought to determine
whether recogrition performence oould be predicted from de
téction thresholds.

- Moethod: A modified metind of Single Stimuli was used to de-
termine the brightness contrast thresholds for figures.vary-
ing in their perimeter to area ratlo. The figures, Circle,
Irregulsr Shepe, Square, Triangle, Groes, and Star, were
presented over three foveél sizes and three edge-gradient
conditions for each size range. The gradientis were cone

structed by photographing the figﬁres through various



apertures placed in front of a cemera lens. This procedure
produced across the edge of the flgures sigmold-shaped grad-
ients of different slopes.

Two young adults, with 20/20 acuity and no estigmatism,
served ag Ss. Viewing was done under daylight adaptatlon
with ambient illumination controclled by enclosing the S's
head and shoulders witnin & frame covered by & photogrsapher's
hood. The stimuli were presented in the center of four small
orientetion dots on a 21° background field (illuminated at 3
miililemberts). The Ss used their dominant eye end viewed
the stimuli through a Z2mm aperture.

The 54 stimulus combinatlons of target slze, shape and
edge~-gradient were ordered in a random sequence, and the con-
trast increments assigned randomly to each condition. Seven
preliminery lists were presented to familierize tme 8 with
the experimental task. The Ss were asked {a)to report a
change 1n stimulus conditions and (b)to ldentify tnls ¢ henge
without guessing. WVaily morning sessions were run, with an
occasionel afternooﬁ session, until 25 replications for esach
condition were obtained. A& totel of €750 responsés was ob-
taeined from each 8 after preliminary training.

The Findingg:

I. Detection:
(1) Size. Incresse in size of the stimulus decreczgeg

the threshold of detection at a decreasing rate.



(2) Shepe. The stimulus shape did not affect detectlion
thresholds for the smesllegt size targets. However, for the
two larger sizes, stlmulus shepe does influence tne detection
thresnold in that the Irregular Shepe and the Cross have, in
general, higher thresholds.

(3) Bdge~gradient. Jecresses in tne steepness ol the
edge-gradient were aystemétically aggocisted with Increasges
in the detection thresholds.

II. Recogrition:

(1) Size. Incresse in the stimulus size increases the
frequency of correct recognition responses.

(2) Shape, The shape of the stimulus had & significant
effect on the recognition threshold. The Irreguler Shepe
and the Cross had higher thresholds in genersasl, than did the
Circle, Sguare, Triangle, and the Star. Few "circie™ re-
sponses were given to non~ciroular forms. Tnis later finding
1s oontrary to predictions from Gestalt theory. Further-
more, predictions buased on such physical parameters as, area,
amount of perimeter, and of perimeter to area ratio, could
not adequately predict the present findings.

(3) Bdge-gradient. A decreaseé in ihe ateepness of the
edge-gradient systematlically increased the threshiold for rec-
ognition. The use of incorrect response cetegories did not
increase appreciably as the steepness of the edge-gradient
decreased. In fact, Ss stopped responding altogether to the
very blurred fligures except at the brightest contrast incre-

ment.



III. The reletion between Detection and Recognition:

(1) As size of a atimﬁlus increases, recognition thresh-
olds régress at a negatively decreusing rate on the deteotion
thresholds as a limit.

(2) The recognition thresholds were slightly more af-
fected (higher) by edge-gradient chunges than were the de-
tection thresholds.

(3) Tne thmreshnold ranking for shape was essentially the
same for both detection and recognition. PFigureg with lower
detection thresholds, had lower recognition thregholds.

(4) The familiarity of stimulus forms appears to affect
both detestion and recognition.functions. Won-familiar forms
8.g8., Irregular Shape, had higher thresholds than did figures
like the Triangle and Square.

IV. Implications for Furiner Research;

The epproech of this study in manipulating the stimulusg
for contour across size and shape of the target has implicae.
tions for the following areas of research;

(1) Studies are needed in whicin the area of the target
is systematically impoverished in order ito determine if dis-
crimiretion 1s based on edge factors or on some edge-area
combination.

(2) At the physiologicel level there is & need to deter-
mine the relstionship of edge-gradlent change to the on/0ff

mechanism of the retina.



(3) Form discrimination in lower animals has not been
systematiéally gtudied. The experimentsal stimuli of the
present study would permit comparative investigation wiieh
might prove relevent for a comprehensive visual theory.

(4) On the besis of the present results, it would ap-
pear that edge-gradient would be critical for any account
of the phenomena of figurel after-effects. There is a need
to determine whether contour is & relevent varisble for proe-

ducing after-effects (Xohler and Wellack).
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