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CHAPTER I
INTRODUCTION

ISS W. was asked to look at a set of large colored pictures as she
would if she were selecting one of the pictures for her own. As
she looked at the pictures a photographic record was obtained

of her eye movements from which an exact reproduction of her pattern of
visual perception was made. Inlooking at the picture “Stowing the Sail—
Bahamas,” reproduced here in black and white instead of color as Plate I
on page 2, Miss W. made the sequence of visual fixations which is shown
by the dots and lines superimposed on the dim print of the picture which
appears as Plate IT on page 3 of this report. The small black dots on the
picture indicate the centers of successive fixations of the eyes, while the
numbers beside the dots show the serial order of the fixations. The lines
are drawn to connect the dots in series.

In looking at the picture Miss W. first looked at the position of the dot
marked “1,” located just below the mast of the boat. Her second, third,
and fourth fixations led to the boatman’s head on the right. Fixations 5
to 8, inclusive, made a swing to the lower part of the small boat and back
again to the boatman’s head. From this position there follows a series of
fixations which makes a survey of the center and forward parts of the boat.
The small red flag hanging from the rigging does not receive direct atten-
tion until the fourteenth fixation. Fixations 20 to 33, inclusive, permit a
reobservation of the boatman and the small rowboat. The latter portion
of the time spent on the picture is given mostly to the green water in the
lower left corner. At the end of the forty-fifth fixation Miss W. signaled
for the next picture to be shown.

Certain general facts are apparent from the pattern of perception as
shown in Plate II. This particular subject gave no direct attention to
the upper third of the picture. Likewise, the lower right corner of the pic-
ture received no direct observation. Whatever impressions Miss W. had
from these parts of the picture came through peripheral vision. Also, it is
apparent that the boatman and the rowboat in which he is standing re-
ceived a very large part of the subject’s attention. Another general center

1
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+ HOW PEOPLE LOOK AT PICTURES

of interest seems to be the fore part of the large boat where the dots cluster
in three subcenters of attention. The tall mast and the rope leading up-
ward to its top receive no direct observation whatever. Regardless of what-
ever may have been the artist’s intentions when he painted the picture,
the facts remain that at this particular time the visual response of Miss W.
to the picture was as indicated in the pattern of perception shown.

The nature of Miss W.’s response can be made still more interesting by
adding to the diagram showing the position of her successive fixations
some information concerning the duration of each of the fixations of her
eves. By a method to be described later it is possible to determine with
precision the duration of each successive fixation pause as Miss W. looked
at the picture. The unit used in measuring the duration of the fixations is
one-thirtieth of a second. In thirtieths of a second the durations of the
first five fixations were, respectively, 2, 10, 11, 14, and 9. Certain of the fix-
ations were considerably longer than others. For example, Fixation 38
was 25 thirtieths of a second in duration, while Fixations 41 and 44 were
respectively 24 and 16 thirtieths of a second. The cause of such variations
in duration will be considered in a later chapter.

A second example of a pattern of perception is shown as the record of
Miss D. in looking at a colored painting of a plate. The picture used is re-
produced without color in Plate IIT, while the dots and lines showing the
pattern of perception are shown in Plate IV. In looking at this picture
Miss D. made her first three fixations near the center of the plate. Fixa-
tion 4 is in the upper left direction and is followed by a series of seven
fixations, Numbers 5 to 11, inclusive, which cover approximately a third
of the border of the plate. At Fixation 12 the eye swings back to the cen-
ter of the picture and in the following fixations, 13 to 27, inclusive, the eye
makes a general survey of the center portion of the plate in two somewhat
circular movements. Fixations 29 to 32 fall in the border at the base of the
plate, whereas the last two fixations return to the center of the picture.
The durations of Miss D.’s fixations vary from 3 to 15 thirtieths of a
second.

PROBLEM

The two cases which have been described in the foregoing pages give a
very limited answer to the question, “What does a person do when he
looks at a picture?” This question is obviously a very general one which
may be restated as a series of specific questions relating to the nature of

PLATE III

Dekorative Vorbilder, XXviiIt, 1

Verlag Julius Hoffmann Stuttgart

Majoliken. Italien. XV. bis XVI. Jahrhundert. Berlin, Schlofmuseum

Dy vy ~ "
Prerure 17, MAJoLIKEN, ITALIEN
From Farbige Meisterwerke aus dem Kunsthandwerk: des

B et T s e X Abend- und Morgenlandes, Julius Hoffman, Ver-
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I the processes of perception and attention while studying any work of art.
! Certain of these questions relate to the characteristics of the picture being

PLATE IV

observed. For example, what is the effect of color or lack of color? What
' are the main centers of interest in looking at a picture? Does the pattern
i of perception reflect the way the various parts of the picture are balanced?
i Other questions might be asked relating to the characteristics of the per-
‘.i sons looking at a picture. For example, does previous training or ability in
: art make a difference in a pattern of perception? Do children and adults

look at a picture in the same way? Do Oriental subjects look at a Japanese

print in the same manner as Western people? Still other questions might

have to do with the conditions under which a picture is observed. For ex-

ample, do the directions given to the observer influence the pattern of per-
| ception? Do the characteristics of perception vary with the length of
time during which a person looks at a picture?

Questions such as the foregoing have been discussed in the literature
relating to the psychology of art, but, so far as the writer is able to dis-
cover, the attempts to analyze the perceptual process in looking at a pic-
ture have been based upon introspective and subjective evidence. In the
present study the data are entirely objective. It will be interesting to find
the extent to which the objective evidence obtained from photographs of
eye movements corroborates the hypotheses which have been built up

subjectively relating to the general patterns of perception in looking at

; 28 g
4 30 pictures.
; Many books on the subject of art make reference to eve movements.
2 . | The statements which are made rest on introspective evidence, but they
b indicate an acute interest on the part of the artist and the art critic in the

nature of the process of visual perception. As samples of the type of refer-
ences found, the following quotations, selected at random, are given.

“A more or less differentiated pattern, gradually lengthened in its design and intensified

26l ] ss D. (Sussecr 9), Picrure 17 17 3 X . .
Recorp oF Miss D. (Sussect 9) in its color, will draw the eye from the lightly developed part toward the more expressive.

-7 -3 8 g1 0 A4 : : : S : :

7-16 12-10 il ;g-‘l g > i . . . . Since a picture is something different from a section cut out from nature, it must
= 13-11 18- ¢ 3- - . . 2 i e

o7 sl e o5 %- 5 s provide a means of allowing the eye to travel through all parts associated within the

10-14 15- 6 20-14 25— i

frame.”"!

“Then as the beholder stands back from the canvas to take in the ensemble, his eye is
pleased by the color-harmony, it rests lovingly upon the balance of the composition, and
follows with satisfaction the rhythmic flow of line.”?

! Eugen Neuhaus, The Appreciation of Art (Boston: Ginn & Co., 1924), p. 155.
? Carlton Noyes, The Gate of Appreciation (Boston: Houghton, Mifflin & Co., 1907), p. 46.
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“Your eye does not follow the muscle and bone making of the arm. It follows the spirit
of life in the arm.”"?
“And doubtless we have all been conscious at times of our eye being swept across a tex-
aper pattern in spite of us. Stop and analyze the situation and it will fre-

tile or a wall-p
+—the alternation of a light with a dark

quently be found it is due to rhythm by alternation
unit, of a large with a small unit, of one hue with another, or one shape with another, and

so on. Some rhythms by alternation are so compelling as to be irritating. They snatch our

o! A motor that runs away with us is much worse than one that sticks

eye and away they g
on dead center. But that is not the fault of the principle but rather of the designer. Also

the simple repetition of a unique shape is often quite as compelling, carrying our eye across

a design like the beat of a drum in a march.”™*

“In the study of unity through the movement or swing of a picture one soon becomes
sensitive to whatever, without right, catches and detains the eye. . . . . / An appreciation

of the movement of a picture—that natural course given to it in the progress of lines or
becomes the initiative in the artist’s

attractive points which carry the eye through it
effort to effect unity.”?

“But you will notice, how large a stretch of empty space is left at the top of the lunette,
so that the eye is drawn upward and the dignity of the whole decoration thereby ele-

vated.”®

“The use of this easy transitional line rather than the contradictory line leads the eye

surely, but less harshly to the central figure.”

Z

“The eye follows line. Line directs eye movement. The effects of this movement vary

with the type of movement.”*

es which carry the eye downward give the feeling of reticence that may amount to

Lin
Lines which carry the eye upward give an uplift of spirit as well as of eye

dejection. . . . .
movement.’"?

“Form as well as line directs eye movement. The eye tends to move along the path of
Jeast resistance. The vertical rectangle carries the eye upward. The horizontal rectangle

carries the eye horizontally. The eye is carried most easily when the form is simple. De-

tails of surface pattern or complicated contour interrupt eye movement.”"?

3 Robert Henri, The Art Spirit (Philadelphia: J. B. Lippincott Co., 1923), p. 109.

t George H. Opdyke, Art and Nature Appreciation (New York: Macmillan Co., 1932), p. 512.
5 Henry R. Poore, Art Principles in Practice (New York: G. P. Putnam’s Sons, The Knickerbocker

Press, 1930), p. 56.

H. Caffin, A Guide to Pictures (New York: Doubleday, Page & Co., 1914), p. 80.

6 Charles
Art in Every Day Life (New York: Macmillan Co.,

7 Harriet Goldstein and Vetta Goldstein,
1926), pp. 22-23.

$ Margaret E. Mathias, The Teaching of Art (New York: Charles Scribner’s Sons, 1932), p. 20.

9 Ibid., p. 21.

10 Ibid., pp. 24-25.

INTRODUCTION 9

, T.he quotations in the foregoing paragraphs are particularly interestin

in view of the fact that the writers had no precise objective evidence w'tﬁ
W.hlch to .verif‘v their statements. They are quoted here as samples (;f tlh

kmd.s of inferences which appear repeatedly in books on art. The (lute
furms'hed in the following pages will make it possible to observe; the exte :
to. which the various hypotheses regarding eye movements are in harl;l " 7
with the objective patterns of perception which will be shown. o

METHOD AND APPARATUS USED IN PRESENT INVESTIGATION

The method used in this study consists in photographing on a movin
ﬁ!m the eye movements of a group of subjects while they look at a series gff
pictures. The technique is new only in its applicationtto the ﬁel(i of '1(:
There already exists a very considerable literature relating fo the mo‘ f .
men’.cs of the eyes in the process of reading. The resulting analvvses of ;}f-
reading process have been exceedingly valuable in developing' ;m rov cl‘
¥nethods for teaching reading. The nature of the eyve movements il]l re:d(
ing has been traced from the first grade through th(; college period and ;1 —
been studied for a great many different types of reading both n t(he‘ veas
nacular .:md in several foreign languages. Technically the problem of ph .
tographing eye movements in reading is much mo;‘e simple than inpt}(:—
case of looking at pictures, since in reading it is only the horizon;'ll n )
-ments o.f the eyes which are of any great signiﬁcm'lce. However(in ll(())(‘:lj_
ing a'ft pictures it is necessary to secure simultaneously a record of,both th_
v.ertlca¥ and horizontal eve movements. This invol.ves technical difﬁc Ie
ties which were surmounted by the construction of the elaboraée a au -
tus usefd for the present study. Students in the field of psycholo pf)arad_
education are already familiar with the technique of phot(;gl'aphi%i en
movements. However, for readers whose major interest is in the ﬁjd vy(f?
art a description of the method and apparatus will be given o

It should be clearly understood at the beginning that the n;ovements f
the eyes are significant only in so far as they are symptoms of the perceo
tual.processes which appear while looking at a pi;ture. ()rdinariiv a )ep—‘
son 'IS entirely unconscious of the characteristics of these tiny mo\.'eml‘n;‘_
of his eyes and it is entirely impossible for him to describe thc:m accumtt | S
even 'when he gives his close attention to them. Eye movements ar; Snl‘
conscious adjustments to the demands of attention Zluring a visual exl eri-
ence. The underlying assumption in this study is that in a visual e;qr;eri:

~
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ence the center of fixation of the eyes is the center of attentiO‘n at a gi\'f:n
time. If this is true then the record of eye movements in l?oklng E.Lt a pic-
ture supplies objective evidence of the pattern of percep.tlon dflrlng that
experience. In view of the fact that one’s response to a plC.tllI‘(? is, at leas-t
in the first instance, a matter of visual perception, any ob.Jectlve an.aly.ms
of this process of perception should supply data of considerable signifi-
cance to the artist.

The present report does not treat in any manner th.e natul.'e of the
process of appreciation while looking at pictureé. The.e\'ldenc? in reg'ard
to perceptual patterns is entirely objective, but it furr.ush’es.no indication,
except by inference, as to what the nature of the subject’s inner response
to the picture may be. The writer prefers that the .reader.draw his own
inferences from the data presented. For example, in looking at a land-
scape painting such as “The Silence of t.he Night” the fact Fhat one su.b-
ject gives a large part of his visual attention to the small se.’ctlon of the pic-
ture at the end of the road indicates without any question that the ob-
server was interested in this particular part of the picture: at lea‘st to the
extent of giving a considerable amount of his time to looking at 1t.. mez-
ever, the fact that he has a great cluster of eye fixations arotmd this posi-
tion indicates nothing at all as to whether he approved or dlsap'pI‘OVf?d of
the artist’s treatment of that section, as to whether or not he.hked 1t,. or
as to what might have been the character of his mental reflections during
the time that he was looking at that part of the picture. o

The method of securing a record of eye movements consists in photo-
graphing a beam of light from a six-volt ribbon—.ﬁlament lamp reflected
first to the cornea of the eye from silvered glass mirrors and then from the
cornea to a second set of mirrors, through a camera lens a.nd a set of wedge
prisms to a moving kinetoscope film. By means of the prisms back of.eac.h
lens the beam of light from the eye is split into two beams, one.of which is
directed to a horizontally moving film and the other to a vertically mov-
ing film. In this way the movements of the same eye are recorded on bot.h
films. The direction of the pencil of light reﬂectec‘l from the cornea is
changed with each movement of the eye. As the subject looks 'at a plctui'e
a photograph is made which records the movements of the eye in a sharply
focussed line upon the two films. By means of a fan k.)lade'drlven by a

synchronous motor, the beam of light is interrupted thirty times per sec-
(;nd between the lens and the film in such a manner that on the film the
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line of light appears as a series of dots, each dot representing one-thirtieth
of a second of time. By counting the number of dots in each fixation pause
it is possible to determine with precision exactly how long a person looked
at each position in the picture. Only subjects were used whose vision was
sufficiently normal to look at the picture without the use of spectacles.
The apparatus used is shown photographed from two positions in Plates
V and VI.

The apparatus was built for the particular purpose of this experiment
in the workshop of the laboratories in educational psychology of the Uni-
versity of Chicago. Basically the apparatus is a large camera built in such
a way that the two films can be moved continuously during the process of
photographing. The various lenses and mirrors are simply for the purpose
of bringing to a focus on the film the reflection of the tiny spot of light
from the cornea of the eye. The light which reflects on the eye originates
under the table. It is passed forward through a series of lenses and then
upward through two holes in the table, after which it strikes two circular
mirrors and is reflected to the subject’s eyes. Instead of facing the camera
lens, as has been necessary with previous pieces of apparatus of this sort,
the subject is placed at right angles to the camera which gives him an open
field of vision of whatever size is needed. Small pictures can be placed as
close as the normal reading distance of twelve inches, whereas larger pic-
tures can be set back whatever number of feet seems desirable. The pro-
vision of this larger field of vision adds a great deal of flexibility to the uses
of the apparatus.

The subject sits in a specially constructed chair which can be raised or
lowered to the proper height. When he is in position the head rest shown
is lowered around the back of the subject’s head in order to eliminate head
movements. On the whole, the position is comfortable and, after a few
seconds of adjustment, the apparatus causes the subject no inconvenience.
A record of head movements is obtained for every picture by securing
through a second lens on the apparatus a photograph of a beam of light
reflected from a chromium bead on a pair of spectacle frames which the
subject wears. The use of a head line, particularly for the vertical record,
is absolutely necessary to insure precision in plotting the record.

The nature of the film record is shown in Plate VII which reproduces a
short section from the beginning of one pair of films. The dots in the lines
represent time intervals of one-thirtieth of a second. The straight line on
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each film is the headline, made by the chromium bead on the spectacle
frames. The irregular lines show the successive fixations of the eyes. The
upper film shows the horizontal record and the lower film the vertical
record. The first fixation is 4 thirtieths of a second in duration; the second,
third, and fourth are 19, 16, and 21 thirtieths, respectively. The films are
plotted by projecting them through a stereopticon lantern. The vertical
and horizontal position of each fixation is recorded on a numerical scale
and these positions are then co-ordinated and marked on the picture.
Points of reference for fitting the film record to the exact size of the pic-
ture were secured from initial fixations on four dots placed adjacent to
each margin of the picture. For the complete investigation some 18,000
feet of film were used.

The amount of error involved in plotting the films was studied experi-
mentally with a group of 47 subjects by photographing a series of five dots
placed at intervals of one inch in both the horizontal and vertical planes.
The deviation of the plotted positions of the fixations from the actual po-
sition of the dots was then tabulated. Using the outer two of the five dots
as points of reference, the horizontal plottings of the three inner dots fell
within two millimeters of the exact position in 72 per cent of the cases and
within five millimeters in 91 per cent of the cases; for the vertical move-
ments the corresponding numbers were 75 per cent and 86 per cent. Since
an error of even five millimeters in position for pictures of the size used
would not affect any of the interpretations made of the data, the technique
may be considered well within the necessary range of accuracy. However,
in looking at an individual fixation on a picture the reader should bear in
mind that the true center of fixation may vary from the indicated one by
not more than five millimeters in from 86 to 91 per cent of the cases.

A fixation of the eyes, of course, covers an area rather than simply a
point. There is no means of knowing exactly how large the area of clear
fixation is. The dots showing the position of fixations should be inter-
preted as the central points of areas of clear recognition which shade off
gradually into areas of peripheral vision.

In looking at a picture, just as in the process of reading, the eye moves
in a series of quick jerks and pauses. The eye does not slide over the pic-
ture, as many people seem to think it does. The duration of the fixation
pauses varies a good deal, a pause of 3 thirtieths of a second being
very brief, one of 8 to 10 thirtieths being quite common, and pauses
of more than 20 thirtieths of a second occurring only in anproximate-
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OUTLINE OF REPORT

The data and the results of the investigation will be presented in the
following chapters. In chapter ii the principal centers of interest in pic-
tures and the general nature of the perceptual patterns will be treated.
Chapter iii will consist in an analysis of the variations in duration of fixa-
tion pauses and the relation of these variations to certain aspects of the
perceptual process. Chapter iv will deal with certain variations in percep-
tion as related to characteristics of the pictures. The principal topics here
will be the effects of color, the perception of design, silhouette, and outline,
and a comparison of eye movements in looking at finished and unfinished
paintings. Chapter v will deal with variations in perception which are re-
lated to the characteristics of individuals. Comparisons will be made of
persons with and without training in art, of children and adults, and of
Western and Oriental subjects. Chapter vi will treat the effect of direc-
tions given to the subject prior to looking at the picture. These directions
determine the mental attitude or “set” of the individual. The final chap-
ter, vii, summarizes the findings of the investigation and presents some
general interpretations of the data.

As far as the writer can ascertain, this is the first experimental study of
eye movements in looking at pictures. As is generally the case when a
technique is first applied in a new field this study possesses many of the
characteristics of a survey experiment rather than one which tests care-
fully formulated hypotheses. The writer is in a much better position to set
up such hypotheses now than at the beginning of the study. Subsequent
studies may deal more specifically with some of the problems raised by
this one.

This study is an application of certain scientific techniques to problems
in art. The writer is not a specialist in art: his contribution is simply the
application of techniques, which have been found useful in psychology,
to the study of the perceptual process in looking at pictures, a process
which is of common interest to both artists and psychologists. In the
main, the writer will limit his efforts to the presentation of a body of ob-
jective data which relates to many problems of the artist. Rather than
risk making interpretations in a field in which he is an amateur, he leaves
to the artist the drawing of generalizations which go beyond the common
field of the psychology of pcrcepﬁon.
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CHAPTER II

CENTERS OF INTEREST AND PATTERNS OF
PERCEPTION IN LOOKING AT PICTURES

HE materials in this chapter will be presented in four sections.

The first section will deal with principal centers of interest in pic-

tures as revealed by density plots in which the positions of fixation
for a large group of subjects are mapped on a single picture. In the second
section a comparison will be made of the initial and the final fixations in
looking at a picture. In the third part of the chapter a more detailed
analysis of the nature of perception will be made by dividing each of the
pictures into sixteen equal rectangles and comparing the amount of visual
attention given to each of these parts. In the fourth section individual
patterns of perception will be analyzed and a considerable group of sample
records will be presented to show the nature of the perceptual process from

subject to subject and from picture to picture.
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PLATE VIII

CENTERS OF ATTENTION

A very effective method for pointing out the centers of interest in a
picture is to make a density plot or map by combining on a single picture
all the dots showing the centers of fixation for a large group of subjects.
Such a density plot is exhibited in Plate VIII, for Picture 9, “Stowing the f
Sail.”” This plate shows the distribution of interest for 68 different sub- :
jects who in looking at the picture made a total of 3,267 fixations. The
parts on the picture which attracted the greatest amount of attention are
indicated by the greater density of dots over those areas. It is evident,
for example, that the figure of the man consituted one of the chief, if not
the chief, centers of interest. Furthermore, it is clear that a very consider-
able number of fixations converge around the lower part of the mast on
the boat. The upper part of the sky received a relatively small amount of
attention. Likewise, the water in the lower part of the picture, while it
received more notice than the sky, is obviously of less interest to the sub-
jects than the large boat, the man, and the small rowboat in which he is
standing. The small red flag which is frequently commented upon as a
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pronounced center of attraction in this picture was given a considerable
amount of attention, but no more than several other parts of the picture.
Judging from the distribution of dots on the density plot, the picture
obviously has two main centers of interest, the one in the fore part of the
large boat and the other around the man and the portion of the small boat
in which he is standing. _

A more definite concentration of interest is evident in Plate IX for
Picture 12, “The Solemn Pledge.” This density plot is based upon 3,763
fixations from 76 different subjects. The outstanding characteristic of the
pattern of perception in looking at this picture is the manner in which the
fixations are concentrated over the four faces, a degree of concentration
which leaves no doubt as to which are the principal centers of interest.
The faces of the three men receive somewhat more attention than the
face of the boy in the lower part of the picture. Although the background
of sky and mountain scenery is rich both in color and in detail, the sub-
jects gave little attention to it.

Plate X shows the distribution of attention over Picture 47, a cathedral
interior. The principal area of interest here extends vertically throughout
the center of the picture. Evidently the circular window, the pipe organ,
the choir loft, and the elaborate doors are of approximately equal attrac-
tiveness to the subjects. Little difference is apparent in the distribution of
fixations on the right and left sides of the picture, the columns and arches
on both sides receiving a considerable amount of attention. It is interest-
ing to note that the American flag, which hangs in the upper left of the
nave, did not attract any unusual number of fixations. When questioned
after viewing the picture, many of the subjects said that they failed to
notice that the flag was there. While a density plot, such as is shown in
Plate X, is quite illuminating as to the character of perception for this
type of picture, the directions of the movements of the eyes can be noted
more clearly from other forms of analysis, as will be shown during the
latter part of this chapter.

Plate XI, showing the location of fixations for Picture 13, “The Wave,”
indicates a very considerable spread of interest. There is a conspicuous
absence of attention on the sky in the upper right corner and relatively
little note taken of the lower left corner, but aside from this the distribu-
tion of fixations is quite general. The large wave and the small white
mountain are probably the main centers of interest, although there is an
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almost equal tendency to look over the whole sweep of the wave and the
boats which are shooting through. The Japanese signature also proved
interesting enough to draw the eyes to the upper left corner. The direction
of eve movements in this picture, as will be indicated in individual plates
shown later, presents even more striking evidence of the character of per-
ception than does the distribution of fixations in this density plot.

Plate XII shows the combined records for 74 subjects who made a total
of 4,060 fixations in looking at Picture 1, “Mt. Equinox, Winter.” The
sky and the immediate foreground received less attention than do the more
darkly shaded mountains. The two deer, which show faintly, attracted
more than ordinary attention, but the spread of fixations is so general that
the characteristics of the subjects’ perception can be indicated more clearly
by statistical analysis than by mere observation of the density plot.

Plate XIII shows the massing of fixations for 42 subjects in looking at
Picture 32, “Amazon.” As would be expected, the figure on the horse
and the horse itself are the chief centers of interest. A large part of the
fixations on the pedestal were initial fixations, the center of interest shift-
ing rapidly to the upper part of the picture. The fixations cover rather
completely the figure of the Amazon and the horse.

The distribution of fixations in the density plots which have been com-
mented upon in the foregoing paragraphs is quite typical of that which
occurred for other pictures in the series. The positions of the fixations
indicate clearly that for certain pictures the center or centers of attention
are much more limited than in other pictures. The fact that the density
plots represent composite diagrams from a great many different subjects
obviously results in a wider distribution of fixations on account of the
varied interests of different individuals in looking at the same picture.
However, the density plots do give a rather clear indication as to what
parts of a given picture are likely to prove most interesting to a random

selection of subjects.

COMPARISON OF INITIAL AND FINAL FIXATIONS

The character of the pattern of perception in looking at a picture
changes rapidly from the initial to the later fixations. The nature of this
change varies considerably from subject to subject and from picture to
picture, but there are certain rather general characteristics which can be
identified. Although, as would be expected, individuals differ consider-
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ably as to what interests them most in a given picture, there are certain
characteristics of perception which seem to be quite common to groups
of subjects. Some analysis will be required to make these similarities clear.

One method of noting the progression from early to later fixations is to
compare the location of the first few fixations with the location of an equal
number of fixations made just before the subject stopped looking at a pic-
ture. An example of this difference is shown in Plates XIV and XV, which
exhibit respectively the initial three fixations for forty subjects and the
final three fixations for the same group of forty subjects in looking at Pic-
ture 13, “The Wave.” As may be seen from Plate XIV, there is a great
deal of concentration of the initial fixations, the main interest being the
massive wave which predominates in the picture. In Plate XV, showing
the last three fixations, there is much more diversification with an appar-
ent interest in a variety of details. The boat sliding down the wave in the
right fourth of the picture gets little attention during the first three fixa-
tions but a considerable amount of it in the last three. The snow-capped
mountain gets notably more attention in the later fixations than in the
earlier ones. The area around the inscription in the upper left corner re-
ceives little attention during the first three fixations, but considerably
more during the last three; and the same tendency is apparent for that
portion of the sea in the lower left part of the picture. While certain out-
standing characteristics of initial and later fixations are indicated in
Plates XIV and XYV, the nature of the difference can be shown in much
greater detail by simple statistical analysis.

If, for purposes of statistical comparison, a given picture were divided
into sixteen equal rectangles, a study could then be made of the number of
fixations falling within each small portion of the picture. Such a method
of dividing a picture into rectangles is obviously arbitrary and artificial,
but it serves the purpose fairly well. Plate X VI indicates this method of
division for Picture 9, “Stowing the Sail.” In Plate XVI the numbers
in the upper left corner of each rectangle are placed consecutively in
the sixteen parts of the picture merely for purposes of identification. In all
subsequent plates of this type the numbering of the rectangles will be the
same. The number which appears in the circle in each rectangle gives the
percentage of the total number of fixations for the entire group of sub-
jects, 68 in the case of Plate XVI. The two numbers separated by a dash
in the lower part of each rectangle give, respectively, the percentage of the



PLATE XIV

> T FO X E o) 2OSITI F FIRST EE 1 T S FO F T SUBJECTS
R ForTy DIFFEREN
I URE 13 DHOWING PosiTiON O Firs Tur XATION E
PLoT FOR YIC o 1o ¥ F \ T ) Ty

PLATE XV

last fixation

y last; 8

Pror ror Picrure 13 SHowinG Position or Last THreE Fixations ror Forty DIFFERENT SUBJECTS
1—third from last; 2—next tc



XVI

PLATE

o
ot 3 -
e I g "
g o
: &
S A A
P ©
* ® — et
wn (e8] ‘; O:
- - ® ﬂ w
z X o X
o o A .
o
5 3 o
. »
o 0
© te ot -
; ol o 2
vt
5 s o
£ 0 : g
& % : 4
~
™ Q
m k2 H *
. * o > d"
o o pc ot
<
1 = 1 =
" <
g 3 3 &
- “2 . !
~ 0
~
-
. 4 n
e 0 o it

jons which fall in

ercentage of the first eighteen fix

: " oo e s
ERCENTAGES FOR SIXTY-EIGHT SUBJECTS IN LOOKING AT PicTure 9
ne type the numbers in the cireles indicate the

prox oF Fixarions iy P

ations falling in each rectangle.

ast three fix

| indicate the percentages of the first three anc

. Numbers separated by d

o
D
&

-
=
<

CENTERS OF INTEREST 31
first three and the last three fixations in that rectangle. For example, the
68 subjects who looked at Picture 9 made 16.6 per cent of their fixations in
Rectangle 6, while in Rectangles 11 and 7 they made, respectively, 15.4
per cent and 14.7 per cenl of their fixations.

Before proceeding to a general discussion of the distribution of fixations
in the 16 rectangles it will be interesting to follow the consecutive fixations
of that group of 35 subjects whose initial fixations fell in Rectangles 6 and
10 for Picture 9. The question is, “T'o what extent do subjects whose ini-
tial fixations fall in the same general area of a picture continue to show a
similarity of interest as judged by the positions of successive fixations?”
Figure 1 shows the distribution of the first 5 consecutive fixations of this
group of 35 subjects. Each of the 5 sections of Figure 1 contains 16 rectan-
gles which correspond in position to those in Plate XVI. The first section
shows the 35 first fixations of this group of subjects in Rectangles 6 and 10.
For the second fixations it may be seen that 10 of the 35 fixations have
moved to Rectangle 5, 8 are still in Rectangle 6, 2 have moved to Ree-
tangle 7, 1 has moved to Rectangle 9, 6 remain in Rectangle 10, and 8

have moved to Rectangle 11. The third fixations occupy the same set of
rectangles as did the second fixations, but are arranged somewhat differ-
ently. By the fourth fixation these original 35 subjects had spread over a
much larger part of the picture, One fixation is in Rectangle 1, 7 are in
Rectangle 5, 5 are in Rectangle 6, ete., as indicated in the figure. By the
fifth fixation there is still more diversification in the positions of the 35
fixations. It is clear from the movement for this particular picture that no
single pattern of perception is followed by these 85 individuals. In this re-
spect the behavior of this particular group is quite typical of that which
could be illustrated from other pictures and other groups of subjects.
Comparison of initial and final fixations for Picture 9 may be noted by
referring to Plate XVI on page 30. In this plate the first of the two num-
bers which appear in the lower part of each of the rectangles indicates the
percentage of the first three fixations for the total group of 68 subjects
which fall in that particular area. The second figure represents the per-
centage of the last three fixations for the same group of subjects. For the
lower portion of the picture, as shown in Rectangles 13-16, inclusive, it
is apparent that more attention was given during the last three fixations
than during the first three. In Rectangle 13 there were no fixations during
the first three, but 5.4 per cent of all the last three fixations fell in that
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’ rectangle. In Rectangle 14 there was a slight increase from first three to
last three fixations, a somewhat greater increase in Rectangle 15, and an
increase from 0 to 2.9 per cent in Rectangle 16. In Rectangle 12 there was
a marked increase, none of the initial fixations falling in that area, but 7.8
per cent of the final fixations falling there. Likewise, in Rectangle 11 the
First Fij“““"s ’ increase was from 11.8 to 17.6 per cent. In Rectangles 5, 6, 7, and 10 a
' 1 greater amount of attention was given during the early fixations than dur-
ing the later ones. These were the rectangles which attracted the eyes
- DM,k = most often for the initial fixation, but in the subsequent observation of the

" ‘ picture the perception spread to other parts.
i The numbers in the circles in Plate X VI, which indicate the percentage
of fixations in each rectangle for the first 18 fixations during which the 68
ol Third subjects looked at the picture, give perhaps the best general index of in-
7 = g v f 3 T { v terest value for the various parts of the picture. These percentages are
L : ; 7 based upon a total of 1,224 fixations, a number large enough to furnish a

072 71011

. significant sample. The first 18 fixations were selected arbitrarily as a

2 X
/ [ [T /1651

) " L .

sample in order to give every subject equal weight in the percentages.
Otherwise the variations in the total period of observation would attach
unequal weights to the various subjects. However, the grouping of fixa-
tions designated as the ““last three” refers to the last three for the entire
Fourth - observation of the picture, not the last three of the sample group of 18

. 5 g v ’ / I fixations.
. / . 3 - 5 5 . 7 7 3 £ Plate XVII shows the percentage of fixations in the 16 rectangles for
7 5 / o/ - - : = Picture 13, ““The Wave.” The statistical data upon which the percentages
) 6 1 3 Wi 17" L7L ! ? . / in this plate are based are shown in Table I, in which the number of fixa-
= & iz / © A i ’ / ‘ tions for the 40 subjects looking at this picture are given first for each of
the first 18 fixations both by rectangles and by combinations of rectangles
which divide the total picture into fourths instead of sixteenths. Follow-
ing the presentation of the data for the first 18 fixations separately, the
same numbers are recombined into groups of three fixations, giving the
number of fixations in each of the sixteen rectangles and in each of the
fourths of the picture. At the bottom of the table the data are recomputed
in percentages, showing, first, the percentage of all 18 fixations in each of
the divisions of the picture, then the percentage of the first three fixations,
and finally the percentage of the last three fixations distributed in like
manner. Complete tables similar to this were prepared for fifteen different
pictures. Due to the limitations of space they are not reproduced here,

: R e
I 1.—Distribution of first five consecutive fixations for thirty-five subjects whose initial fix
f1G. 1. 18 s

tions fell in Rectangles 6 and 10. (Picture 9.)
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but a summary table giving the percentage distribution in the sixteen rec-
tangles is given in Table II.

In referring to Plate XVII and Table I a very significant fact may be
seen. For the first fixation the rectangles receiving the greatest amount of

TABLE I

DISTRIBUTION OF FIXATIONS FOR PICTURE 13, GROUPED BY
RECTANGLES AND COMBINATIONS OF RECTANGLES

‘ | Numser oF Fixarions
Numser oF Fixations N Eaca REcraNGLE IN DirrereNT Fovrrus

SERIAL \ | or Prerure
NUMBER — R s
OF
Frxarion | Up- | Up- | Low- Low- Cen-
1|2 3 4 5 6 i 8 9 1011 | 12 | 13 | 14 | 15 | 16 | per | pér er er ter
‘ | Left Right Left Right Fourth
1 0 1 1 0 0 4 1 1 1 9 3 0 2 5 9 3 5 3 17 15 17
2 T4 60 O 09 0 3] &) 0 ) Gauy 2 ah @ =4 2 a| 18 5 18 429
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4. . af T Ll o 8l 0F 0] 2 31 7] o @] I 8L 0] @3 1 6| 10 19
5 5 i 0 4 7 0 0 1 8 6 1 1 1 2 1 23 1 i 10 16
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9 11 8 11 0] 40 50 ) of 1] 4| 8| 8] o) 2} 5| 21 12 3 7] 18| 19
10 2| 8 1] 0 3 4 3 0 3 1 2 7 1 4 6 0 12 1 9 15 10
11 | 2 4 1 0 0 7 1 0 3 2 6 3 1 ] 3 i 13 ) 11 14 16
12 4 0 2 0 2 8 4 2 2 + 2 5 2 0 3 0 14 8 8 10 18
13 2| 8] 2 0 1 6 2 2 3 4 7 5 1 1 1 0 12 6 9 13 19
14 L1 80 X[ @ 81 20 &4 3¢ of 2f of 2 11 0f 6| 0 12 6 50l 35
15 3 4 0 0 4 2 1 1 2 21 10 3 0 3 4 1 13 2 7 18 15
16 o 3 0 0 5 ) 2 1 4 4 5 1 (1] U 7 2 i S 8 15 15
17 4 2 | 1 0 3 4 5 0 1 2 3 3 0 2 9 1 13 6 5 16 14
18 4 4 3 2 1 1 2 0 3 + 3 1+ 1 1 pd 0 10 7 9 14 10
)5 S B 2y 0 BB T X SRk O 2 818 8| 45 10) 37| 28| 75
4-6 12 | 20 2 0! 10|22 2 0 o 12 | 18 2 1 3| 10 1 G4 ) 21 31 54
7-9 5 9 2 0 8| 18 a5 0 8.1 i1l | 20 9 1 3|16 5 +0 7 23 30 5t
10-12 8l % 4 0 5|19 8 2 9 110 15 + 8112 2 39 1+ 28 39 18
13-15 613 3 0 8 10 5 6 7 8 (26! 10 2 ¥ 1% 1 37 14 21 18 19
16-18 10 9 & 2| Bl ey 9| Xl S{refiul 8 1| 3123 4| 8% 16| 22| 45 39
Last 3 fixa-
tions. . 1y (00 N 5 S ST 40 5 S0 1 O S T O BT TR 8 41 89 16| 24 +1 5t
|

Total fixa-
tions to 18 44 66 | 17 2

(By per- ‘

72097 | 44 | 11 | 29 | 85 | 15 1 262 65 | 1562 | 241 | 315

centage) |
Total 1-18 6.1 0 1.4/ 5.610.013.4 6.1/ 1.5 4.011 21 ¢ 21,1/ 83.4) 43.7
1=8. .| 245 8 0.8 2.520.0i10.0 0.0/ 1.7| 6.7(10.8 2.5 3l 30.9 3.3 62.5
Last 8. . 9.2 5/ 5.0 2.5/ 7.5(14.2/10.8 5.0/ 5.0 5 3.31 82.5/ 13.8 20.0; 3+.1| 45.0
attention were Rectangles 15 and 10, nine fixations appearing in each.

On the second fixation Rectangles 10 and 6 were the chief centers of inter-
est. For the third fixation Rectangle 6 received the most attention, and
for the fourth and fifth fixations the centers of interest were respectively
Rectangles 6 and 2. The general direction of this major movement will be
seen to follow the main direction of the wave, starting at the bottom in
Rectangles 15 and 10 and then moving up through Rectangles 10 and 6 to
Rectangle 2. The general direction of this movement is even more ap-
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parent in the individual plottings for this picture, as will be shown later in
this report.

A comparison of the percentage of the first three and the last three fix-
ations also furnishes some interesting facts. Rectangle 6, which received
26.7 per cent of the first three fixations, received only 15.8 per cent of the
last three. Likewise, Rectangle 10, which received 20 per cent of the first
three fixations, received only 7.5 per cent of the final three. On the other

TABLE II

PERCENTAGE OF FIXATIONS WHICH FALL IN EACH OF THE SIXTEEN
RECTANGLES FOR FIFTEEN DIFFERENT PICTURES

Nuwm- SeraL NUMBER OF RECTANGLES

PICTURE | BER OF

NuMBER Sus-
JECTS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Voossasnl 44 0.0| 4.8 2.4] 0.6] 5.2[17.2[14.0| 3.5 3.6[{20.4| 8.8 6.4 2.7 4.7 2.9 3.3
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T2 woveporv 29 1.71 7.8/28.0| 1.1]| 1.818.8[10.9| 2.5/ 0.6 6.3| 7.1{ 6.0] 1.1| 1.7| 2.9 .7
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14.......| 34 2. 9/11.4| 9.2| 0.7] 4.2[11.1{18.3] 4.1| 1.0 7.8({13.4| 5.4 0.3 4.6/ 4.9 0.7
L et oS 0.0 3.6 8.7 1.1] 1.8{15.3{17.3] 4.4{ 4.0{13.3[{12.0] 4.0] 2.2| 4.2| 5.8 2.0
B, comviis| 0.5 6.5/32.6/11.1]| 0.5 7.4[19.9] 5.8] 0.7 3.7| 5.1 1.4/ 0.2 2.8/ 2.1 0.5
.7 Se—| R | ) 0.0/20.5/11.0| 0.8 1.7/16.2| 8.2 0.5 1.7[11.1] 6.3 0.2 1.7|11.8| 7.7 1.0
D8 oo s 34 2 4/11.0] 7.2| 4.5/ 2.1]11.0{13.1| 3.4| 1.2[14.2(15.0/ 7.0 1.1 1.8] 8.2 1.7
[ 24 0.0l 0.2/12.7] 9.5/ 0.0 1.4 8.8] 5.1| 1.2]21.1{13.9] 1.9| 1.9]11.1] 9.3 2.8
(i (e 59 3 3| 3.8/10.0| 2.2| 4.4 6.2[16.9] 2.3 2.4 6.8[12.9 2.0 1.1 7.2(16.5 2.1
48, oo 12 0.5 1l 4.5 0.0l 1.9] 8.8[20.4| 1.2| 4.5| 6.0 6.5/11.1 2.8| 7.9 9.7|10.2

Aver-

BEE: ol s s s 1.8] 7.6/10.8| 8.1| 8.8{12.9(13.3| 8.7| 2.7/10.7|{10.1| 4.8/ 1.6 4.9/ 5.9 2.8

hand, Rectangle 12, which received no attention during the initial fixations,
received 10.8 per cent of the final fixations, and Rectangle 1, which re-
ceived but 2.5 per cent of the first three, received 9.2 per cent of the last
three. The general trend is also seen quite clearly in Table I by following
down certain of the vertical columns. In the groupings by three’s it will be
found that in Rectangle 10 for the first three fixations there were twenty-
four: for Fixations 4-6 there were twelve; for Fixations 7-9, eleven; for
Fixations 10-12, seven; for Fixations 13-15, eight; and for Fixations 16-18
there were ten. Here it is evident that the trend of perception is first to
this rectangle and then away from it. Likewise, in Rectangle 6, which re-
ceived the largest number of fixations for the first three, namely 32, there

oy
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By

is a decreasing number in successive sets of three fixations, the numbers of
fixations being, respectively, 22, 18, 19, 10, and 9. On the other hand
I.{ectangle 11, which contains the small white mountain, has but 12 ﬁxa:
tions during the first three; while in successive groups of three the num-
bers were 18, 20, 10, 26, and 11. Likewise, in Rectangle 12 there were no
fixations during the first three, but in successive groups of three the num-
bers were 2, 9, 15, 10, and 8. The general trend of perception for each of
the 16 rectangles of the picture can be ascertained by looking down the
vertical columns either for each of the 18 fixations separately or for the
fixations in groups of three. (

When Picture 13 is divided into fourths, as one might anticipate, the
center four rectangles receive the greatest amount of attention, 43.7 pﬂ;
cent of all of the fixations appearing there. The four rectangles in the
upper left of the picture received 36.4 per cent and those in the upper
right 9.1 per cent of the fixations; whereas the lower left fourth of the pic-
ture received 21.1 per cent and the lower right fourth 33.4 per cent of thAe
fixations. The upper right quarter of the picture is clearly less attractive
than the remaining parts of it, there being little to draw ‘the attention to
that portion of the picture except the sky and the beginning of the large
wave,

Plate XVIII shows the distribution of attention for Picture 32, “Ama-
zon.” This picture is particularly interesting in view of the fact that the
pedestal occupies almost exactly the lower half of the picture. Comparing
the initial and the final fixations, it is apparent that while not a single one
of the last three fixations was given to the lower half of the picture, 20.9
per cent of the first three fixations were distributed over that part ’of i.t
Still more striking is the fact that 45.8 per cent of the first fixations for.'

this group of 24 subjects fell on the lower half of the picture. The large
dark mass of the pedestal attracted the eye, which immediately shifted to
the upper part of the statue. Sixty-one and one-tenth per ceng of the last
three fixations fell in Rectangles 3 and 4. Rectangle 3 constituted the
principal center of interest not only in the initial three and the final three
fixations, but also for the total number of fixations during which the pic-
ture was observed.

Plates XIX - XXII, inclusive, show the distribution of fixations bv
rectangles for Pictures 11, 47, 36, and 8. In Plate XIX it is interesting t.o
note that 82.6 per cent of all the fixations are given to the upper half of the
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picture. This is probably due to the human faces which, not only in this
picture but in all others where they appear, prove to be principal centers
of interest. The number of fixations in the right fourth of the picture,
Rectangles 4, 8, 12, and 16, builds up very slowly, the number for each
successive group of three fixations being 1, 7, 12, 18, and 20.

In looking at Picture 47, as shown in Plate XX, the fifty-nine subjects
made a preponderance of their initial three fixations in the center four
rectangles, 68.4 per cent of the fixations being located in that area. How-
ever, there was an increasing tendency to move toward the outer part of
the picture, the total number of fixations in the center four rectangles be-
ing, for the successive groups of three, 122, 84, 82, 61, 52, and 54. In this
picture there is also a marked tendency for fixations in the right fourth of
the picture to increase, the number of fixations by successive groups of
three in Rectangles 4, 8, 12, and 16 being 0, 7, 11, 19, 26, and 27. The col-
umn of rectangles on the left also shows an increasing number of fixations
by groups of three, although not quite so pronounced as in the right tier
of rectangles.

Plate XXI, which exhibits Picture 36, a tapestry, is of interest because
the great amount of detail is much more widespread than in the case of
some of the pictures already shown. While the center four rectangles re-
ceive the largest amount of attention, it is interesting to note how much
more attention is given to the top row of four rectangles than to the bot-
tom row.

Plate XXII, showing Picture 8, an abstraction entitled “Le Roi et la
Reine,” is introduced because of the radically different character of the
composition. Most subjects expressed a good deal of doubt as to whether
they saw anything in the picture or not. Only those subjects who were
trained in art—and a relatively small percentage of them—showed any
notable enthusiasm for the picture. The center and upper center rectan-
gles received the greatest amount of attention, with the outer columns of
rectangles on both the right and the left showing an increased amount in
successive fixations.

The general statistical summary of the first eighteen fixations for each
of the pictures treated was given in Table IT on page 36. From this table
it is clear that there is no single tendency which is characteristic of all of
the pictures. The center four rectangles, which are numbered 6, 7, 10, and
11, received the greatest amount of attention, their respective percentages
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of fixations being 12.9, 13.3, 10.7, and 10.1. The two center rectangles at
the top, numbered 2 and 3, received respectively 7.6 and 10.3 per cent of all
of the fixations, while the rectangles in the corresponding position at the
bottom of the picture received but 4.9 and 5.9 per cent of the fixations re-

ectively. However, the center rectangles in the lower and upper rows

sp
ft and

received more attention than the center rectangles in the outer le
outer right columns. The total percentage of fixations given to the upper
and lower center rectangles is 28.7 per cent, whereas the corresponding
percentage for Rectangles 5, 9, 8, and 12 is but 15 per cent. For the four
corner rectangles, numbered 1, 4, 13, and 16, the respective percentages
are 1.8, 3.1, 1.6, and 2.8. The corners at the right received more than those
at the left and the corners at the top more than the corners at the bottom.
However, there is marked variation from picture to picture and it must be
kept in mind that the averages for this group are influenced by the charac-
teristics of the particular pictures included. However, with due attention
to those features, the table furnishes some very significant data for artists
to reflect upon.

It is interesting to note that the percentage of fixations in each of the
sixteen rectangles for Picture 8, the abstraction, differs from the percent-
ages in the various rectangles for the entire group of pictures by an aver-
age deviation of only 1.6 per cent. The greatest deviation in any single
rectangle is 4.3 per cent, whereas in six of the rectangles it is less than 1
per cent. This may or may not be simply a matter of chance.

In looking at Picture 12, ““The Solemn Pledge,” the principal centers of
interest are the four faces of the Indians. In this case comparing the dis-
tribution of fixations by rectangles is not particularly satisfactory be-
cause the lines dividing the rectangles arbitrarily cut across some natural
centers of interest. When the heads of the four Indians are outlined in ink
the number of fixations falling within the outlines can be ascertained.
This was done, drawing the lines closely around the head of each of the
two lower Indians, while for the two upper Indians whose heads overlap in
the picture a single outline was drawn around both. Counting the first
three fixations only for a group of 29 subjects, it was found that 26.4 per
cent of the first three fixations centered on the heads of the two Indians
near the top of the picture, 5.7 per cent of the same three fixations were on
the head of the Indian at the lower left, whereas the head of the boy at-
tracted none of the initial three fixations. For the entire number of fixa-
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(t:‘le(:;s dfn.(;lf()}: the C(fmplete group of 68 subjects it was found that 11.6 per
- tho td, th e fixations went to the Indian’s face on the left, 24.7 pe I
rightfe Avlvlotoijid:BaE the top, and 7 per cent to the head of the boy on the
ey th,e : D p;r c'ent of all t}te‘ fixations on the entire picture were
et on the o‘u‘r ndian head.s. The proportion of space occupied by
: S, as compared with the entire picture .
much less than 43.5 per cent.

r cent

, 1s obviously very

((flon;pamsons similar to that in the foregoing paragraph can also b
;nz:' e for the four heads in Picture 11, “The Judgment of Paris.” i*‘or th(
n ; « . "
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ot the boat. For the entire group of 6 j _ .
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f . .
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rea- - . - . . lu
ol Wofh-l i thetreilhﬂdgl in this picture is frequently regarded as a striking

"ol mterest, the objective data do not su i :
: sport this conelusi As
matter of fact, it attracts little i : Tl
. Wi > attention at the beginning of looki
picture and receives a very sm e
3 all perce ixati i
e percentage of the fixations during the
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: INDIVIDUAL PATTERNS OF PERCEPTION
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o e Z 0 I?erceptlon in looking at pictures have been pointed out
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o limitution“ ) t;c fmgular sul.)dlwsu)ns of the
i S ‘0 -e interpretations which can be drawn from
: pattegm fa n . is l'lldntlel, due.to the fact that certain characteristics of
tenden(,:ieso .It)l«ilceptlon t‘or one individual may counterbalance opposite
: with another individual and thereby cover up significant f
l.ll‘(.?S of the perceptual process. In this section of the chapter a -c'dnt ?a_
dividual records will be shown in which the actual patf:elrn" fsel o on
are presented with objectivity and precision. As was stat;doinpzflczgxt'll?n
arlier

pictures. There
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part of this report, 1,877 individual records were secured. It isobviously im-
possible, due to limitations of space, to present even a considerable sample
of this large number of records. In selecting individual records for presen-
tation the writer has tried to select those which are most typical of the
main group of subjects, or which illustrate certain features to which par-
ticular attention is to be called. The plottings which follow are not to be
thought of simply as pictures used to illustrate this report. The dots and
lines on the prints of the pictures are the actual data in a study of this
type, and they show the characteristics of perception more vividly than do
verbal descriptions or statistical tables.

Plate XXIII shows the eye-movement record of Subject 1 in looking at
Picture 3, “Joan of Arc at the Court of Charles VII.”” The border around
the picture received no direct fixations whatever. The pattern of percep-
tion begins at the left center of the picture. Fixations 1-8 make a general
swing across the faces of the group of standing figures and then go to the
kneeling figure in the center. Fixations 9-14 cover this kneeling figure.
Beginning with Fixation 15 there is another swing back and forth over the
faces of the group, and then beginning with Fixation 27 and extending
through Fixation 37 the attention is given to the costumes of the figures
on the right. Fixations 38-46 again cluster around the kneeling figure,
while Fixations 47-54 cover the rather elaborate costumes of the figures
at the left of the picture. The subject returns again to the center of the
picture for the last three fixations. The outstanding characteristics of this
pattern of perception are the swings of the eye across the faces of the
standing figures, the detailed examination of the kneeling figure, and the
two periods of examination of the costumes, first at the right and then at
the left. The duration of the fixation pauses is given in the tabulation of

figures below the plate. It will be seen that the fixations range in duration
from 3 thirtieths of a second on Fixation 4 to 82 thirtieths of a second on
Fixation 58. A discussion of the reasons for this variation in duration of
fixations will be reserved for chapter iii, which is concerned explicitly with
that problem. However, the variation in the duration of the fixations is
very large and obviously reflects the adjustment of the eye to the different
interests of the subject in looking at the picture. The reader should bear
in mind that the total number of fixations reflects either the termination
of the subject’s desire to continue looking at the particular picture or the
arbitrary cutting off of the picture if the number of fixations gets to be too
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large to be plotted clearly on a single print. Ordinarily, it is difficult to
plot more than 75 fixations on one picture without having the lines and
dots become so confused that it is impossible to follow them. In the case
of this particular picture the subject signaled of his own accord for the
next picture to be shown.
Plates XXIV and XXV show the records of two subjects in looking at
Picture 6, “Sunday on La Grande-Jatte.” In Plate XXIV the subject
signaled for a change of pictures at the end of the forty-second fixation,
while in Plate XXV the subject made a longer study covering a total of
126 fixations. The general pattern of perception in Plate XXIV can be
followed easily. The first fixation falls almost exactly in the center of the
picture and the eye then moved to the head of the lady carrying the para-
sol. Following Fixation 3 the center of attention moved to the figures
sitting on the grass in the lower left of the picture. Beginning with Fixa-
tion 12 there is a general sweep to the left and then over the upper portion
of the picture, swinging back to the standing figures with the parasol and
then continuing the survey down toward the lower part of the picture.
The duration of the fixations shows much less fluctuation than was found
for the picture described in the preceding paragraph. In this case the
range is from 4 thirtieths of a second on Fixation 32 to a duration of 25
thirtieths on Fixation 29.
Plate XXV presents a much more elaborate examination of the picture.
No attempt will be made here to describe the pattern in detail, but the
serial numbers on the dots and lines can be traced easily, starting with the
first fixation which falls slightly to the left and above the center of the
picture. The parts of the picture which received most attention from this
subject are the man and lady carrying the parasol, the figures in the upper
central portion of the picture, the figures at the extreme left, and the group
on the grass in the lower left portion of the picture. The location of the
fixations reveals considerable attention to details, as, for example, Fixa-
tions 48, 49, and 117 on the small dog, Fixations 75 and 116 on the large
dog, and clusters of fixations over particular individuals. The variation in
duration of the fixations, as shown in the numbers below the picture, is
somewhat greater than in Plate XXIV, being from 2 thirtieths of a second
on Fixation 45 to 50 thirtieths of a second on Fixation 29.
A picture of somewhat different character is shown in Plates XXVI,
XXVII, and XXVIII. In this picture, “The Grief of the Pasha,” special
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PLATE XXV

CENTERS OF INTEREST 51

Wl centers of interest are the dead tiger lying on the rug, the Pasha sitting at
ae

—

the side, and the elaborate decorations above the pillars. The initial fixa-
tion occurs directly on the tiger. Fixations 1-6 make a general survey of
his body. Fixations 7-13 shift to the two large burning candles. The sub-
ject then moved his eyes to the Pasha, shifted once more to the tiger, and
finally, beginning with Fixation 26, started an elaborate and detailed sur-
vey of the decorations in the upper part of the room. Little attention is
given in Plate XXVI to the central and left parts of the picture.

In Plate XXVII, on the other hand, a rather detailed examination is
made of the left part of the picture. This subject gave a large amount of
attention to the tiger, a considerable amount to the sitting figure of the
Pasha, and a somewhat different type of attention to the architectural
iythbsis | features of the room. The repeated swings of the eye back and forth from

= ' left to right make a conspicuous characteristic of this pattern of percep-
T L . ; g y . 3 . .
BTl o tion. One group of four consecutive fixations, namely, Fixations 30-33,
P emPRERERS : . 50 ;

g e are much longer in duration than most of the others. It is interesting to
g s

=}

‘ note that this group of fixations is centered around the figure of the
Pasha. Fixations 100 and 101 are longer than normal and these two fall
directly over the head of the tiger. The hypothesis may be suggested here
and the treatment of it reserved for chapter iii, that a group of fixations of
longer than average duration may indicate a position of special interest to
the subject and that the mental processes going on at that time may par-
take more of mental reflection than of the simple characteristics of visual
perception.

RECHRD OF SUBJ

Plate XXVIII shows a still different pattern of perception than the two
just described. In this case a relatively small amount of attention goes to
the tiger, very little to the figure of the sitting Pasha, but a very large
amount to the burning candle at the left and to the architectural decora-
tions at the top of the room. The numerous short eye movements from
fixation to fixation in the upper part of the picture indicate a detailed ex-

amination of the decorations such as was not apparent in either of the

other two plates for this same picture. A comparison of the three subjects
whose records are shown in Plates XXVI - XXVIII illustrates the state-

ment made earlier in this chapter to the effect that the density plots show-
ALl ing combined records for a large group of individuals are useful in identify-
ing main centers of interest but that individual traits may thereby be lost.
The distinctive characteristics of perception in these three plates would
certainly be lost by combining them.

LR =DRDD
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Plate XXIX, which exhibits one subject’s fixations on Picture 36, a
tapestry, is of interest because the picture contains so much detail and be-
cause almost every section of the tapestry has some attractive features.
Subject 9 begins at the left center, the first series of fixations moving to
the lower right part of the picture. From there, beginning with Fixation
6, the eye moves toward the upper part of the picture and makes a general
survey ending with Fixation 16 in the upper right corner. The pattern of
perception for this individual is characterized by a series of large swinging
movements of the eve. The series, beginning with Fixation 34, makes a
complete swing around the outer part of the tapestry ending with Fixa-
tion 52. There is no evidence at any point in this plate of a detailed ex-
amination of a single portion of the tapestry. If this subject had looked at
the picture continuously for several minutes probably such detailed ex-
amination would have occurred later on. The pattern of eye movements
here is typical of that found in the case of a great many subjects where the
process of looking at a picture consisted simply of a general survey of its
major features. Many subjects signaled that they were through looking
at the picture and ready for the next picture at the end of this general
survey, showing no particular desire to continue to a detailed study of the
picture. Their behavior resembles that so commonly witnessed in an art
gallery where individuals move rapidly from picture to picture with a
superficial perception of each. However, for other subjects quite the re-
verse was true, their patterns of fixations showing numerous centers
where clusters of eye movements around a particular item of interest re-
veal a detailed examination of that part of the picture.

Plates XXX and XXXI for Picture 10, “The Silence of the Night,” are
of interest because of certain characteristics of the picture itself. A priori
one might expect to find many eye movements in the vertical direction
following the lines of the trunks of the birch trees. In Plate XXX there is
considerable evidence that the white trunks of the trees did influence the
general pattern of perception. The fixations for this subject fall into three
distinct groups arranged around the three clusters of birch trees, first at
the left, then in the center, and then at the right. There is no general
swing of the eyes from left to right across the picture until Fixation 30,
after which the eye moves back to the trees at the left.

In Plate XXXI, on the other hand, there is much less evidence that the

vertical lines of the tree trunks influenced the pattern of perception. Here
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CENTERS OF INTEREST 59

the horizontal movements are much more predominant than the vertical
ones. With the exception of certain vertical movements at the left of the
picture, following the line of the tree trunk, there is little indication that
the trunks of the trees were followed at all. On the other hand, there is a
great deal of horizontal movement both at the top of the picture, back and
forth from the tree tops and clouds, and in the lower central parts of the
picture following the general features of the landscape. The cluster of
fixations in the right center over the end of the road indicates a particular
interest in that section. Also, there are evidences of considerable interest
in the lower left and in the lower central parts of the picture. The large
number of short fixations, particularly in the first half of the record, may
surprise the reader. One might expect for a picture of this type that long
fixations and more reflection would be characteristic. In the latter half of
the picture there are more long fixations although none of any extreme
duration, 33 thirtieths of a second being the longest single fixation in the
entire record. The picture had the title “The Silence of the Night” printed
below it as shown in the plate. This subject paid no attention whatever
to the title and made no fixations remotely approaching it. For the entire
group of subjects whose records were taken with this picture, 27 per cent
looked at the title while 73 per cent did not.

Two individual records for Picture 13, ““I'he Wave,” are shown in
Plates XXXII and XXXIII. In Plate XXXII general circular move-
ments following the direction of the wave are clearly apparent. The first
fixation falls slightly above and to the left of the center. The movement
then proceeds to the top of the big wave, swings over to the left, and then
in a left-to-right movement it swings down through the wave and up again
at the right to the sky, changing direction with Fixation 13. Following
Fixation 13 the eye moves again in a circular motion first down to Fixa-
tions 14 and 15 and then in a left and upward direction, following the gen-
eral swing of the wave to its crest in Fixations 29 and 30. The whole pat-
tern of fixations here is dominated by the tremendous pull of the move-
ment of the wave. The dim print of the picture, as shown in the plate,
loses much of the detail which appears in the large colored print shown to
the subject. The manner in which this particular subject looked at the
picture furnishes an excellent example of how an artist is able to control
the perceptual process by the composition of his picture. Subject 142,
whose record is shown in Plate XXXIII, exhibits a general tendency of
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62 HOW PEOPLE LOOK AT PICTURES

PLATE XXXIV

movement from the lower right to the upper left although the circular
swings of the eye are not so pronounced as in the case of the subject shown
in Plate XXXII. Subject 142 was evidently more interested in detail than
in the direction of the wave, more attention being given to the boat gliding
down the wave at the right, to the snow-capped mountain, and to the boat
coming out from behind the small wave. Some attention was also given to
the Japanese inscription in the upper left corner. The writer regrets that \
it is impossible to show here the entire set of forty plottings for the group
of subjects whose records were obtained for this picture. A survey of a
large group of individual records shown together is much more illuminat-
ing than a display of one or two sample cases can be.

Plate XXXIV, which shows a photograph of the statue, “Joan of Are,”
Picture 31, presents a quite different situation than the pictures which
have been shown heretofore. The background in this case contains noth-
ing at all of interest. Consequently, it is not surprising that the entire
process of perception is limited to the kneeling figure and the base on
which it rests. The face receives a large amount of attention, as might be
expected, as do also the folded hands. The face and the hands were the
principal centers of interest for most of the subjects who looked at this
picture. The patterns of perception in general showed a wider spread over
the lower part of the figure, narrowing to the face at the top, as is the case
in this particular plate.

Three records are shown for Picture 12, “The Solemn Pledge,” in order
to illustrate three definite characteristics of the group of subjects who
looked at this picture. Plate XXXV shows a record which is typical of a
number of others. Here the four faces constituted practically the entire
subject of interest, very little attention being given to any other part of
the picture. The only exception to the concentration on the four faces was
a series of six fixations centering around the boy’s hand in the lower cen-
tral part of the picture. Whatever effort the artist spent upon the back-
ground was lost for this particular subject as far as any direct observation
was concerned. The typical characteristic here is the close attention given Rucorp o Svsiecr 11, Prerure 31

o . 1- 8 9 5 7. Lt

to the four faces, the movement being from the two faces at the top to the 2~ 6 1011 1510 5 8811 41- 7
g 3-5 11-15 19- 4 3715 ax 42-17

one at the left and then to the one at the bottom, back to the left and to 18 12-10 20-10 o S 9
i . . o 3-8 21- 6 20-11 37— 7 ey

the top. In only one instance, namely, the movement from Fixation 59 to 729 157 = 30- 8 38~ 8 o 1
z - 23~ 31-22 39- 7 g

8-18 16- 9 24-11 32- 6 s H g

60, was there a movement from the two faces at the top directly to the face
of the boy in the lower right corner. In Plate XXXVI there is again a
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66 HOW PEOPLE LOOK AT PICTURES

predominance of interest in the faces of the Indians. However, there is
somewhat more diversion of attention, several fixations spreading to the
sky and landscape at the top and at the left side of the picture. The faces
of the tall Indian at the top and the Indian at the left dominate the inter-
est of this particular subject. Plate XXXVII is shown because, while it is
not typical for a large group of subjects, there were several records such
as this. Here there is a decided lack of a dominant interest in the faces of
the four Indians, the major attention going to the background. The prin-
cipal movements of the eyes are around the two sides and across the top
of the picture, there being six large swings of the eyes directly across the
picture in horizontal direction. This particular subject was a high-school
senior, as was also the subject shown in Plate XXXVI. The subject
shown in Plate XXXV was an adult.

In books dealing with art one frequently encounters the statement that
vertical lines such as those appearing in the picture of the cathedral
interior, Picture 47, have a tendency to lead the eye in an upward direc-
tion and to cause a predominance of vertical eye movements. Plates
XXXVIIIL, XXXIX, and XL show the records of three subjects in looking
at Picture 47. Subject 77, shown in Plate XXXVIII, made his first fixa-
tion near the center of the picture and gave most of his attention to the
vertical center of the picture. One predominant upward swing of the eyes
is noted in Fixations 49-53, while, on the opposite side, a downward set of
fixations appears, from Fixation 38-41, covering the column on that side
of the picture. There is also a cluster of fixations in the lower left part of
the picture. However, the major portion of attention is given to the win-
dow, the pipe organ, and the doors.

In Plate XXXIX, for Subject 66, there is still a considerable amount of
study given to the vertical and central portion of the picture. However,
there is much more attention to the columns on the two sides, the sweeps
of the eye up and down these columns indicating the influence of the ver-
tical lines.

A still different pattern of perception is shown in Plate XL, where the
several clusters of eye fixations indicate detailed examination of certain
portions of the picture. In the central part there is a cluster on the win-
dow, another on the pipe organ, one at the upper right corner of the pic-
ture, and quite a spread of fixations over the lower foreground. In this
plate there is again evidence of several vertical sweeps of the eye, influ-
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{

enced apparently by the general direction of vertical lines. In Plate XL
there is a small cluster of fixations over the hanging flag in the upper left
part of the picture, although for the subjects as a whole little attention
was given to this particular item.
Picture 45, as shown in Plate XLI,
respects to the cathedral shown in the preceding set of plates, but different
The gen-

shows an interior similar in certain

in proportion, there being much more breadth and less height.
eral impression of Picture 45 is a dominance of horizontal and low arched
lines, whereas in Picture 47 the dominant characteristics were the tall
pillars and the high vaulted ceiling. The movements of the eyes follow
rather clearly the general directions of the lines in the interior of the libra-
ry shown in Picture 45. Fixations 18-23 show a marked swing of the eyes
following the general line of the shape of the room, whereas the flat tables
in the lower part of the picture bring out horizontal movements. There is
evidence of much detailed examination, although there are no specific
clusters of fixations revealing a close study of any particular character-
istic of the room.

A room of a still different type is shown in Plate XLII for Picture 46.
In this empty colonial room the major characteristics are right angles and
sharp lines. The reaction of the subject is somewhat different from that
shown in the two preceding pictures. The influence of the squareness of
the room, the fireplace, and the windows is apparent. There is no series of
fixations curving from one point to another as in Picture 45, and there are
no sweeping vertical lines as in Picture 47. There are more right angles in
the movements of the eye and a general following of the contour of the
room, as in Fixations 5-18, following the ceiling line, and in Fixations 37
and 38 and 47-52, following the floor line. The left window received a
considerable amount of attention and the main lines of the room were
followed somewhat closely.

The nature of perception in looking at Picture 22 is revealed in Plates
XLIIT and XLIV. The influence of the general outline of the objects is
clear in both of these plates. In Plate XLIII the fixations start near the
center of the wine cup, swing first to the lower left and then to the handle
on the right. Following this the eyes made another complete swing to the
center of the upper part of the wine cup and back to the handle, and then
still a third general swing over the upper edge of the cup and back to the
handle. Not until after this rather complete survey did the eye move to
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74 HOW PEOPLE LOOK AT PICTURES

the jar at the right side of the picture. In Plate XLIV the subject made a
longer examination of the two objects. The general swing of the eyes,
however, in outlining the pattern of the wine cup is again clearly evi-
denced. In the case of Subject 1 in Plate XLIV the eyes swung completely
from one handle of the cup to the other, whereas in the case of Subject 12,
Plate XLIII, the left handle of the cup received no direct observation
whatever. In Plate XLIV the subject passed back and forth from one ob-
ject to the other several times, indicating possibly some comparison of the
two. Itisalso interesting to note that in looking at the wine cup the move-
ments of the eyes are primarily in the horizontal direction, whereas in
looking at the jar the movements are chiefly in the vertical. The patterns
of perception shown for these two subjects are quite typical of those
which were found in the majority of cases in looking at this picture.

In looking at the elaborately decorated Chinese bronze jar, shown in
Picture 21, the various patterns of perception were so interesting that the
writer decided to sacrifice the easy legibility of the serial numbers of the
fixations and the durations in order to present a set of eight plots. Conse-
quently, for this picture four plots are presented on each page and, while
the numbers may not be read easily without a reading glass, the general
pattern of perception can be seen. No attempt will be made to comment
individually upon each of the eight plottings. Certain general differences
in pattern, however, are apparent. For example, in Plate XLVb the gen-
eral pattern of perception is very different from that in XLVd. In Plate
XL.Vb the fixations are confined for the most part to the central portion of
the figure, the only exceptions being Fixations 17, 19, 20, and 21. How-
ever, in Plate XLVd the eye made a series of very conspicuous swings
following the outer edge of the vase and up and down the central portions.
Fixation 43 in the lower right corner starts a series of twenty-two fixations
which cirele the entire figure ending with Fixation 64. Plate XLVa shows
three particular centers of interest, one at the upper part of the handle,
which is a tiger mask, and the other two centers in the upper center and
center portions of the vase. In most of the figures the darker portions
down the center of the vase and the darker portions around the outside
edges received more attention than the two light sections extending up
and down the vase. This is undoubtedly due to the fact that the reflection
of light in these latter parts of the picture obliterates the delicacy of design
which makes the vase of particular interest. The four plottings shown in
Plate XLVI show other types of perceptual patterns.

PLATE XLIII

REcorp or Sussecr 12, PicTure 22
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- : The entire series of individual plots which has been shown in the fore-
' : going pages of this chapter indicate the nature of the perceptual process
better than could be done by verbal generalizations. Individual differences
from subject to subject seem to be somewhat more striking than likenesses
in perceptual pattern. Still, there are certain general characteristics which
can be noted, and, from a comparison of the actual process of perception
with the characteristics of the picture, the artist may gain some knowledge
as to the influence of certain types of pictures upon the perceptual process.
The particular significance of these plates lies in the fact that the patterns
of perception are entirely objective and that they show where the actual
centers of attention were as the subject looked at the picture. A consider-
able number of hypothetical statements which are found in the literature
of art, such as those quoted in chapter i, may be verified or shown to be
incorrect by reference to the patterns of perception which are obtained by
the photographic method. An example showing the relation of the data
of this study to one of these hypothetical assumptions is presented in the
' ‘ following paragraphs.
b—Rxcoro or Susskct 34, Prerone 21 It is commonly assumed that the eye will follow the direction of the
principal lines in a picture. If the principal lines extend in a vertical direc-
tion the eye movements are assumed to be mainly vertical. On the other
hand, if the picture emphasizes horizontal lines the direction of the eye
movements is assumed to accord with the direction of the lines. In order
to test this assumption a special study has been made of the initial fixa-
tions for three pictures: first, Picture 47, a cathedral interior in which the
main direction of the lines is pronouncedly vertical; second, Picture 13,
“The Wave,” in which the principal lines follow the direction of the wave;
and third, Picture 45, the library of the Oriental Institute, in which the
breadth of the room approximates its height and, while the lines of the
ceiling extend vertically, their horizontal spread is almost equally great.
/" Table III shows a comparison of the amount and direction of move-
ments from Fixation 1 to 2 and from Fixation 2 to 3 for groups of subjects
looking at these three pictures. The method of measuring the amount of
movement was to compute by means of a square the horizontal distance
and the vertical distance between Fixation 1 and Fixation 2 and then to
secure the same type of measurement for the distance from Fixation 2 to
Bl : Fixation 3. The distances were measured in millimeters and were recorded
d—Recorp or Sussect 13, Prerure 21 in terms of the amount of movement up, down, to the left, or to the right.

4—RECORD OF SUBJECT 5, PicTure 21

¢—RECORD OF SUBJECT 12, Picture 21
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For Picture 47 there were 59 subjects for whom measurements were made.
Reading from Table I11, it may be seen that for this group of 59 subjects
the average movement per subject from the first fixation to the second
was 14.5 millimeters in the upward direction, that the average movement
in the downward direction was 17.4 millimeters, whereas the correspond-
ing movements to the left and to the right were 3.3 and 6.1 millimeters re-
spectively. Adding the total vertical movements up and down and also
the total horizontal movements, it is found that the average amount of
vertical movement is 31.9 millimeters, whereas the average horizontal

TABLE III

COMPARISON OF AVERAGE AMOUNT OF VERTICAL AND HORIZONTAL MOVEMENT
FOR INITIAL FIXATIONS ON PICTURES 13, 45, 47

AVERAGE AMOUNT OF MOVEMENT PER SUBJECT IN MILLIMETERS
T 3, N .
'\OKT:-L From Fixation 1 to 2 From Fixation 2 to 8
PicTURE SO
NuMBER Sus-
JECTS Total| Total ) Tot:’l Tolz’l
Up Down| Left |Right| Verti-| Hori- | Up Down| Left | Right| Verti-| Hori-
cal |zontal cal |zontal
2 s 6.1 26.9) 7.5
59 14.5| 17.4] 3.3] 6.1 | 81.9] 9.4| 12.6] 14.3] 1.4 1
?z ............ 37 26.2| 0.8| 18.8]| 6.1 | 27.0| 24.9| 12.5| 10.5| 10.9| 9.5 23.0| 20.4
4-:5 ............ 26 93 87 7.5/8.7]|18.0 16.2| 12.0[ 5.3 4.3| 13.5| 17.3| 17.8

movement is 9.4 millimeters. The right half of the table shows corre-
sponding figures for the movements from Fixation 2 to Fixation 3. Here
the movement up was 12.6 millimeters, the movement down 14.3,whereas
the movements to the left and the right were 1.4 and 6.1 millimeters re-
spectively. It is perfectly clear from these measurements for the first tw.'o
eye movements that vertical movement is very much more pr(.m.ounc.ed in
looking at this picture than is horizontal movement. While thxsl is quite in
accord with the general assumption in looking at a picture of this sort, one
fact in the situation is a bit surprising. References to such pictures as
cathedral interiors are frequently described in terms of the uplifting_effect
upon the eye movements. This supposed tendency to move %lpward in t.he
process of perception is quite frequently transferred to mte.:rpretatlve
values and such phrases as “the uplift of the spirit accompanying the up-
ward swing of the eyes” are frequently seen. An examination of the data
in Table III, however, reveals the disturbing fact that both the move-
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ments from Fixation 1 to 2 and from Fixation 2 to 3 show a larger amount
of movement in the downward direction than in the upward direction.
This is true, not only for the average amount of movement, but it is also
true if the number of movements in the upward direction and the down-
ward direction are computed. In the case of Picture 47 the movements
from Fixation 1 to 2 showed 28 movements in the upward direction,
whereas 31 were in the downward direction, and the movements from
Fixation 2 to 3 showed 25 movements in the upward direction and 34 in
the downward direction. Consequently, while the eye movements be-
tween the initial fixations in looking at the cathedral interior are mainly in
the vertical direction, the downward movements are somewhat greater in
amount and in number than are the upward movements.

In the case of Picture 13, “The Wave,” an analysis of the direction of
movements between the first and second and the second and third fixa-
tions again reveals some striking facts. The movement from Fixation 1 to
2 is somewhat more pronounced in the vertical direction than in the hori-
zantal direction, but in the vertical direction in this case practically all the
movement is up and very little of it down. To be specific, the average.
movement in the upward direction from Fixation 1 to 2 is 26.2 millimeters,
whereas the average movement in the downward direction is 0.8 milli-
meters. It is perfectly clear that, in the initial observation of this picture,
the eye movements are pronouncedly affected by the main direction of the
large wave which is moving up. From Fixation 2 to 3 there is still a pre-
dominance of upward movement although not quite so pronounced as in
the case of the movement from Fixation 1 to 2. The predominance of up-
ward rather than downward movements from Fixation 1 to 2 is revealed
not only in the average movement in millimeters, but also by the number
of movements in that direction. Thirty-five of the 37 subjects moved their
eyes in the upward direction from Fixation 1 to 2, whereas only 2 subjects
moved their eyes in the downward direction. In a number of respects
Picture 13 furnishes an excellent illustration of how an artist has succeeded
in controlling the pattern of perception by the characteristics of his picture.

For Picture 45, as indicated in Table ITI, there is a little more movement
in the vertical direction than in the horizontal direction from Fixation 1
to 2, but for Fixation 2 to 3 the amount of movement is nearly equal, the
total vertical movement being 17.3 millimeters and the total horizontal
movement 17.8 millimeters. Likewise, in the movements of Fixation 1 to
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2 there is a little preponderance of upward rather than downward move-
ments. the amounts in the two cases being 9.3 and 8.7 millimeters re-
spectively. For the movements for Fixation 2 to 3 there is a greater pre-
dominance of upward movement than downward movement, the meas-
urement being 12.0 and 5.3 millimeters.

The data for the three pictures, as presented in Table III, are quite in
accord with the common expectations in regard to horizontal and vertical
eve movements. The cathedral interior with its great predominance of
v.erti .al lines reveals a predominance of eye movements in that direction.
The wave picture with the marked swing of the major wave upward a.nd to
the left shows corresponding effects on the eye movements. In the picture
of the library interior where the relations of vertical to horizontal lines ar.e
less pronounced, the eye movements are less different in respect to verti-
cal and horizontal direction. These three pictures have been selected for
this type of treatment due to the fact that the contrasts n vertic.al and
horizontal lines furnish an interesting basis for comparison. Obviously,
several other pictures in the total group of fifty-five might have been
used in a similar fashion. A comparison of Picture 42 showing the tall
church spire would show an equally interesting contrast with PiCtl.lI‘e 44
of the Rosenwald Museum in which the general direction of line is pre-

dominantly horizontal.

—

._.-

CHAPTER III
THE DURATION OF FIXATION PAUSES

T HAS been evident from the plates shown in chapter ii that the
duration of a single fixation pause of the eye varies a great deal.
Three thirtieths of a second may be considered as typical of the short-
est fixation pauses, but at the other extreme there are fixations with dura-
tions of 40 or more thirtieths of a second. Approximately 5 per cent of the
fixations are more than 20 thirtieths of a second in duration. These varia-
tions in duration are evidently related in some intimate fashion with the
mental process of perception, since the movements and fixations of the
eyes are simply the involuntary adjustments to this process. In the pres-
ent chapter an attempt will be made to discover some of the reasons for
variation in the duration of fixations.

The variation in duration of fixations for the process of reading has al-
ready been made the subject of considerable study. For example, it is
known that as children become more mature in the process of reading, the
duration of the fixation pauses becomes increasingly shorter. For children
in the first grade an average duration of fixations for the silent reading of
easy material is approximately 19 thirtieths of a second. By the time these
children reach the high-school or college level and have become mature
readers, the average duration of a fixation pause for the same type of read-
ing material will have been reduced to approximately 6 thirtieths of a
second. Furthermore, it is known that when particular difficulties are en-
countered in reading, such as difficulties in vocabulary, the duration of
the fixation pauses increases. It is evident, therefore, that, in the practice
of reading, a long fixation is in some manner related to difficulty in percep-
tion. The process of reading is, of course, very much more than the simple
recognition of words. The words must be fused together into units of
thought which are meaningful. The purpose of reading is to get ideas
from the printed page. Consequently, difficulties, either in recognition of
words or in grasp of the thought presented, have a marked effect upon the
characteristics of eye movements and fixation pauses.

In looking at pictures the process of perception seems hardly compa-
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rable with that in the case of reading. There is no evidence to indicate that
children of school age see less well than adults or that the ordinary process
of observation for them presents any more difficulty than it presents to
adults. Furthermore, as will be shown later on in this report, the average
duration of fixation pauses for children is little different from the average
for adults in looking at the same pictures. Variations in duration of the
fixation pauses cannot be thought of as indexes of difficulty in seeing the
picture. Some other hypothesis, therefore, needs to be proposed.

A situation which suggests another hypothesis may be noted in the
process of arithmetical addition. If an individual is given a column of
digits to add and a photograph of the eye movements is taken as he pro-
ceeds either up or down the column, the variation in the duration of the
fixation pauses will be very much greater than is found in reading or in
looking at pictures. It is not uncommon in adding a column of digits to
find single pauses of the eye which are as long as six or even eight full sec-
onds. Tt is perfectly obvious that the ordinary process of perceiving what
the digits are could not possibly occasion a fixation pause as long as this.
The only remaining hypothesis in the case of addition is that the long
durations do not appear because of any difficulty in visual perception,
but rather because of central thought processes which cannot keep pace
with the ordinary process of perception. Thus, when a person reaches a
new combination which is difficult to add, the eye may hold perfectly still
waiting for the mental process of adding to be completed. This hypothe-
sis, for which there is available in the literature a very considerable
amount of supporting data, suggests that a long fixation pause in arith-
metic is indicative of a central thought process, whereas shorter fixations
are the typical characteristics of normal visual perception where there are
no particular thought difficulties involved.

If one would apply the hypothesis just described to the field of art, he
might reason that the short fixation pauses are the typical procedure
when the subject is simply looking at the picture, but that, when some
particular porlion of the picture so interests the observer that his mental
process takes on the characteristics of reflection, the duration of the fixa-
tion pauses would become longer. If this hypothesis were correct one
would expect the average duration of fixation pauses during the first ob-
servation of the picture to be considerably shorter than the average during

the latter part of the observation. This would be expected due to the fact
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t?lat n observing any new picture the first requirement of the attention is
simply to see what is there, that is, to get information about it. After one
hats become.e aware of the characteristics of the picture, the pr(;cess;es of
:)r; Ef:):attflj:; Iind reflection might be expected to occupy a greater part

If the mental experiences which occur as a subject looks at a picture
could l?e k.nown, it would then be possible to correlate them directly \\"ith
the objective record of the fixations of the eye. However, any rec:ord of
'the content of the mind must, in the very nature of the cas; (lt:[')(‘lld upon
mtro'sPection from memory after the picture has been seen.’ ;l‘ht‘ dan}ers
of misinterpreting such subjective evidence are so great that the writergha*
ChOSGTl to make no attempt to deal with subjective accounts of mentai
experience in looking at pictures.

(?ne.might expect persons who have high ability in art to give more of
their tlflle to reflection and interpretation than would subjects who have
less artistic ability. Adequate ratings of artistic ability are difficult to se
.Cuf'e, but in chapter v of this report a comparison is ma.de of the character_
istics of Sl.lbjPCtS who ranked high and who ranked low on a test Qf artistic-'
:Elll)t[le::;tllon As a part of that comparison, the study of durations is

VARIATIONS IN DURATION OF FIXATIONS BY
SUBJECTS AND BY PICTURES

One method of studying variation in duration of fixations is to find the
average duration of fixation pauses for a group of subjects each of whom
has: looked at the same group of pictures. The selection of data from th
Wthh. are available would allow the use of a large group of subjects fo:S;
few plciflxres or a small group of subjects for a large number of pictures
T'he wrlter has chosen to take the middle course in both directions and.
af:cordlngl,y' there is presented, in Table TV, the average duration of fixa-
tion pauses fzor twenty-nine different subjects each of whom looked at the
same nine pictures.

By ref.erence to Table IV, one can see the variations in duration in
terms of individual subjects for each picture separately and for all pictures
tf)get.her, or in terms of the entire group of subjects fo‘r each picturle) (6 b
51der1{1g the latter variation first, it will be seen that the range of ‘t;'er;) .
duration of fixations for the various pictures was from 9.6 thirtie;hs ofg:j
second to 10.7 thirtieths of a second. The variation from picture to picture
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for the same group of subjects is quite small, the range being 1.1. thll‘tlt;‘ths
of a second. For individual subjects the range in average duration of fixa-
tions is somewhat greater. For example, Subject 63, the first one shown
in the table, made an average fixation pause of 8.6 thirtieths of a second on

TABLE 1V

AVERAGE DURATION OF ALL FIXATIONS FOR TWENTY-NINE
SUBJECTS IN LOOKING AT NINE PICTURES

Picruvre NUMBER A\‘r:r;,:in:
OF ¢
SusJECT g
N 1 2 13 14 15 16 82 41 47 TURES
63 92| 86| 84| 99| 88| 121 13.1| 9.9 12Ag 13.;
65 . ... S I R N ) g.é 13'; g.; 72| 83
6. 93| 7e| 76| 75| 86 ] : . i 4
82 """"" 94| 83| 122] 108 94| 100 101} 103 12A; }g.;
69 ... 13.9] 108 11.4| 104 1;.2 {3.: }g.g };.; 1;.1 12 .4
. 122 11.8| 11.4] 10.0 4| 13, , 5| 151} 12.9
: 126 109 87| 10.2 ,
4 97| 18.1| 105 10.7 2| s2l 105
¢ 3| 139| 11.5| 11.9| 10.6 ,
75 128 11.3| 11.4| 9.3 0| 10.6| 97| 11.4
1 o8| 95| 85| 110 9.8 89| 10 i ,
;Z""'i.I. 85| 59| 95| 11.1] 8.2 3.3 gvg 1g.§ g.i g.%
"""""" e S S (ST , . . :
gg """ 79| 75| 66| 68| 81| 80| 7.6 7.5 g.; 13‘3
82 95| 120 97| 109]| 100]| 10.2 13.8 13,3 8.0| 108
o ’ ' ‘ 3| 11| 9.0 . g .
83 ... s2| 96| 108] 13.2 . ). Bl 18 bRl o4
4 73| 71| 65| 6.1 ‘63| 4. .
g? """"" Z 1 06| 98| 11.9] 106] 100] 128 {2.? 13.3 }g.?
......... 9. . 8] 10. . 0.
38| 109 81| 124]| 14.1| 100 15. 3.1 ‘ 1
gi" 05| 92| 92| 105 71 13,3 1§A§ }5.3 134; 13.5
95 94| 84| 104 | 1.7 | 8.3 _ 0| l08| 84| 9.
5 | so| 77| 79| 88| 92| 78| 7. .
ggﬁ'i::::.. 90| 96| 104 109 121 13Ag }3.; }g.; 1$'Z ig,g
0T N age 84| 104 11.1| 159| 95 . 3 . 71} 123
84| 90| 88| 17
02, ... s2| 80| 94| 104| 8.5 7.6 | 8.7
‘ 36| 139 100/| 10.5 .
103 . mnol| 17| 93| 10.2]| 13 0.2 0.3 | 111
5 : 23] ¢ 1.9 ] 12,2 15.2]| 11.
VA e e s 115 10.0 10.3 12.3 0.7 : g
ibé ......... 96| 108 10.2 11,3 g.; g.; 13.3 }5.; g,é gjz
108 92| 95| 84| 11. . , 0.0 07| 87| 98
ol 101] 98| 99| 104 97| 109 82 E . v
}?g"iﬁl.i.. 04| 110 11.4| 108| 98| 157 13.1| 11.8| 100| 11.4
Averge. . | 90 98| o7!| 106] 101 101 107] 07| 9.6/ 101

Picture 2, but an average of 13.1 thirtieths on Picture 32. The.netxt mdi-
vidual shown, Subject 65, exhibited quite different characteristics. ]?‘or
example, on Picture 2 this subject made the longest. averz‘xge fixation
pause, namely, 11.8 thirtieths of a second, whereas on PlCtl-lI‘e 32 the aver-
age duration of fixations was but 7.4 thirtieths. An inspection of the avgr—
ages for individuals on each of the pictures throughout the'table reveals a
very large amount of variation of this sort. The picture which for one sub-
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ject may produce long fixation pauses may, for another, result in short
pauses. Furthermore, the range of average durations is very much greater
for some subjects than for others. For example, Subject 80 showed a vari-
ation for the 9 pictures of from 6.6 thirtieths of a second for Picture 13 to
8.1 thirtieths on Picture 15, a range of only 1.5 thirtieths of a second. On
the other hand, Subject 101 made an average duration of 8.4 thirtieths of

a second on Picture 1, but an average of 17.1 thirtieths on Picture 47, a
range of 8.7 thirtieths of a second.

TABLE V

AVERAGE DURATION IN EARLY AND LATER FIXATIONS IN
LOOKING AT SEVEN DIFFERENT PICTURES

Total
Picture Number Entire First Fixations | Fixations | Last Five Shortest Longest
Number of Picture Fixations 1-5 6-10 Fixations | Fixations | Fixations
Subjects
s ¢ pgemis 74 9.6 6.7 8.1 9.3 10.2 3.4 30.6
L ey 74 9.4 6.9 8.1 8.7 10.8 3.0 34.6
e 81 10.6 5.8 8.3 10 .4 10.7 3.0 42 .7
A 62 10.2 5.0 8.0 9.1 10.9 3.0 39.8
B wrvme o 53 10.8 T4 8.2 10.7 12.2 3.2 43.6
2 T PP 45 10.4 6.3 7.9 10.2 { {110 | 3.1 43 .8
A1 vmenn 0y 96 9.9 6.3 8.6 9.3 10.9 3.1 347
Average. |\« xones. 10:1 6.3 8.2 9.7 11.0 il 38.5

The column of digits at the extreme right of Table IV shows the average
duration for each subject for the entire group of nine pictures. It will be
seen that the range of variation from subject to subject for the entire
group of pictures is very much greater than the range from picture to pic-
ture for the entire group of subjects. Subject 89 showed the shortest dura-
tions, the average for all the pictures being 6.7 thirtieths of a second. On
the other hand, Subject 72 made an average of 12.9 thirtieths of a second
for the entire group of pictures, which was the longest average duration in
the group.

In order to secure a more thorough understanding of Table IV, it will be
necessary to make a more refined analysis of the data. It has been sug-
gested that the average duration of fixations might be expected to in-
crease as one continues to look at a picture. In Table V a body of data is
given for checking this hypothesis. This table includes all of the records
of all of the subjects who looked at seven of the pictures. The pictures se-
lected were those for which a large number of records were available. The
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table gives the picture number, the total number of subjects for each pic-
ture, and then in successive columns the data relating to duration of fixa-
tions. The data are summarized at the bottom of the table, showing the
averages for the entire group of pictures. From the numbers at the bot-
tom of the table it will be seen that the average duration of a fixation
pause for all of the pictures and for the entire group of subjects was 10.1
thirtieths of a second. However, the average duration of the first fixations
for the entire group of subjects was but 6.3 thirtieths of a second. The
average duration for the first five fixations for each subject was then com-
puted and was found to be 8.2 thirtieths of a second. The same type of
average for the second five fixations was found to be 9.7 thirtieths of a sec-
ond. Without continuing the analysis by groups of five throughout the
entire picture, the next column gives the average duration of the last five
fixations for each subject. This average was found to be 11.0 thirtieths of
a second. Consequently, the data are found to verify the hypothesis that
successive fixations tend to increase in duration, the averages for the suc-
cessive groups being 6.3, 8.2, 9.7, and 11.0 thirtieths of a second.

The last two columns in Table V show something of the range of varia-
tion for duration of fixations. The next to the last column gives the aver-
age duration for the shortest fixation of each subject in the group, whereas
the last column gives the same kind of average for the longest fixations.
The average duration of the shortest fixations is 3.1 and for the longest
fixations is 38.5 thirtieths of a second.

A still different method of studying variation in duration of fixations is
to make an analysis of durations in the records which are exceptionally
long. Consequently, all of the records in the complete file of materials for
the investigation in which there were 100 or more fixations were selected
for study. There were 153 such records. The results of this analysis are
presented in Table VI which shows the average duration of fixations for
successive groups of 25 fixations. For example, if a given record had 150
fixations, the average was computed for Fixations 1-25, then for Fixations
25-50, ete. In this manner any tendency for fixations to increase in dura-
tion during the process of looking at a picture for a long time would be-
come apparent. There were eight cases in the files for which the record of
eye movements in looking at a single picture included 200 or more fixa-
tions. The first row of figures in Table VI gives the data for these sub-
jects, showing that for the first 25 fixations the average was 8.3 thirtieths

NN
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of a second, and for successive groups of 25 the averages were 8.8, 9.5, 9.1
ete. It will be seen that there is a gradual tendency to increase up t(’) th(;
group of fixations numbered 76 to 100; that following that point there was
no mcrease and but little variation in either direction until the last group
of 25 fixations, where the average was 9.7 thirtieths of a second. In inter-
preting the data from Table VI the reader should keep in mind that the
average for the first 25 fixations covers up the increase from Fixation 1 to
the average for the first five and then to the average for the second five
which was shown in Table V to be a very considerable increase. ’
There were 22 cases, as shown in Table VI, for whom the film records
contained 175, but less than 200, fixations. With minor variations there is

TABLE VI

AVERAGE DURATION OF FIXATIONS FOR SUCCESSIVE GROUPS
OF TWENTY-FIVE FIXATIONS

Total
Number of Fixations | Fixations | Fixations | Fixations | Fixati ‘ixati 1
umk 3 s f: s s Fixations | Fixations Fi i
ki 3 5 1 ations xations ixations
((‘umu]e;“q“e) 5 26-50 51-75 76-100 101-125 126-150 151-175 176-200
8. . ... 8.3 8.8 9.5 9.1 8.8
: : . . 8.9
9. ... 8.1 8.0 8.5 8.7 9.1 9.0 gg i
40. 7.9 8.2 8.7 9.0 9.1 8.8 D e
72. 8.1 8.6 8.8 9.3 9.2 ... |
153, ... 8.3 8 6 9.1 88 |

a general tendency for the fixations to increase in length, the range being
from 8.1 for the first 25 fixations to 9.3 for the last 25 fixations. Forty sub-
Jects were available whose records included 150, but less than 175: fixa-
tions. Here there is a steady increase up to the group of fixations num-
bered 101 to 125, but a slight falling-off in the next group of fixations.
The last row of numbers in the table, which includes the entire group of
153 subjects for the first 100 fixations, shows a steady increase up Lo the
last group of 25 fixations where there was a drop from 9.1 to 8.8 in average
duration. One may generalize, therefore, by saying that in groups of 25
there is a gradual increase in the duration of fixations up to the end of the
75th fixation and with some variations increases are apparent up to the
200th fixation. The longest average duration of fixations which appears
in the entire table is 9.7, which is for the group of 8 subjects in those fixa-
tions numbered from 176 to 200.
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It would be interesting to supplement this study by a further investiga-
tion of the duration of fixation pauses of persons especially interested in art
who would study the pictures for long periods of time, even as much as
1,000 or 2,000 consecutive fixations. Needless to say, the plotting of even
one such record, which would involve in the neighborhood of 10,000 dots
on the film to be counted and located, would be an exceedingly time con-
suming project. Furthermore, both subjects and pictures would need to
be so selected that the investigator could be sure of sustained attention
for that long a period of time.

One further method of studying fixations of long duration will be pre-
sented. In Plate XLVII there is shown for Picture 13 the distribution of
the fixations of 20 or more thirtieths of a second in duration for a group of
38 subjects. The first 30 fixations for each of this group of 38 subjects are
included, making a total of 1,140 fixations in all. Seventy of these 1,140
fixations were 20 or more thirtieths of a second in duration. This is 6.1 per
cent of the total number and is quite typical of the percentage of fixations
of this duration which are found in any picture, the average in most cases
ranging around 5 or 6 per cent. The limit of 20 thirtieths of a second is
taken in a purely arbitrary manner. As will be seen in Plate XLVIL, 16 of
these long fixations occur in Rectangle 6 and also 16 in Rectangle 11.
These are the two rectangles which received the largest percentage of all
fixations, and they may be thought of as chief centers of interest for this
picture. Rectangles 12 and 15 each received 5 long fixations. Rectangles
1, 2, 5, and 10 each received 4 long fixations. Two of the rectangles, Num-
bers 4 and 14, received no fixations of 20 or more thirtieths of a second in
duration. In the case of Rectangle 4 this is not surprising in view of the
fact that nothing appears there except sky and it received a very small
number of fixations of any duration. Rectangle 14 contains a considerable
amount of detail but no item of special interest.

Analyses similar to that shown in Plate XLVII were made of several
other pictures with substantially the same results. In Picture 12, “The
Solemn Pledge,” the great majority of the long fixations fell on the faces
of the Indians. In Picture 11, “The Judgment of Paris,” 22 of the 57 long

fixations fell directly on the four heads of the individuals in the picture,
whereas 13 additional fixations fell within a few millimeters of the heads.
Here again it is clear that the main centers of interest, as judged by num-
ber of fixations, also receive the fixations which are longest in duration.

PLATE XLVII

"ol ofkal '
0|o|els
OO0 6

DistriBuTion o Long Frxations o Picture 13
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While the duration of fixations will need to be made the subject of fur-
ther study, certain generalizations seem to be justified. In the first place,
the evidence is clear that the earliest fixations are the shortest ones and
that there is a gradual tendency for the duration of fixations to increase,
both in the early part of the picture and throughout successive groups of
95 fixations for the entire period of looking at the picture in the case of
most subjects. In the second place, it is evident that the duration of fixa-
tions is a factor influenced very much more by the individual character-
istics of the observer than by the nature of the picture being observed.
This suggests that interesting hypotheses for further study mighf: relflte
to the familiarity of the subject with the picture, to the type of motivation
in looking at it, to his general interest and experience in the field o.f art,
and to certain other purely individual factors. In the third place, it ap-
pears that the fixations of exceptionally long duration fall, for the most
part, on those portions of the picture which, judged by the number of fixa-
tions, seem to be the principal centers of interest.

CHAPTER 1V

VARIATIONS IN PERCEPTION RELATED TO
CHARACTERISTICS OF THE PICTURE

HE material in this chapter will be presented in five sections and

will deal respectively with the following topiecs: first, the effect of

color in a picture; second, the effect of a miscellaneous group of
special factors upon perception; third, perceptual patterns in looking at
designs of various types in some of which the effect of balance can be ob-
served; fourth, the effect of silhouettes and outlines upon perception; and
fifth, differences in looking at a finished and an unfinished painting.

THE EFFECT OF COLOR

Several colored pictures were used in this investigation. However, the
specific comparison of the effect of color or lack of color will be based upon
the use of Pictures 1 and 2, “Mount Equinox—Winter,” in which the only
difference was the factor of color. Picture 1 was in black and white; Pic-
ture 2 in color. Several types of comparison will be made using these two
pictures.

In order to make a comparison of the amounts of attention given to the
different parts of the picture a study was made of 42 subjects each of
whom had looked at both pictures. In half of the cases Picture 1 was seen
first; in the other half of the cases Picture 2, the colored picture, was seen
first. To make the comparisons valid an equal number of fixations from
each subject for the two pictures was used. For example, if one subject
had made 67 fixations in looking at the uncolored picture and 82 fixations
in looking at the colored picture, only the first 67 in the latter case would
have been used.

The results of the foregoing method of comparison are presented in
Plate XLVIII which shows the percentages of the total number of fixa-
tions falling in each of the 16 rectangles into which the pictures were di-
vided. The upper number in each rectangle shows the percentage of fixa-
tions for the uncolored picture, whereas the lower number shows the per-
centage of fixations for the colored picture. The most striking character-
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istic of the plate is the high degree of similarity in the distribution of at-
tention for the two pictures. In the four rectangles across the top of the
picture the difference in each case is 0.2 per cent. However, in two cases
the greater percentage occurs on the colored picture and in two cases on
the uncolored picture. In view of the fact that the upper tier of rectangles
contains only sky and that in the colored picture this is of almost uni-
formly blue color the similarity may not be surprising. In the second tier
of rectangles some of the brightest colors in the picture occur. Rectangle
6, in particular, contains a considerable portion of the bright side of the
mountain. Here the number of fixations for the colored' picture was 2 per
cent greater than for the uncolored picture. Rectangle 12 also contains
a large part of the vivid coloring at the right central part of the picture.
Here again the colored picture received 10.8 per cent of the fixations,
whereas the uncolored picture received 9.1 per cent. On the whole, the
contrast between the two pictures in the distribution of fixations in the
various rectangles is not striking.

A somewhat different method of comparison may be made by outlining
the two major spots of bright color and then tabulating the number of
fixations which occurred in those two areas. Accordingly, an outline was
sketched around the bright orange coloring in the mountain, which will be
designated as the area to the left, and around the bright orange color in
the right central part of the picture, which will be designated as the area
to the right. A third outline was sketched in oval shape to include the
large deer running acoss the center of the picture. In the colored picture!
this deer is a light brown or fawn color. The number of fixations was then
tabulated for these three areas for two pictures, showing the total number

_falling in each area for the first three fixations, and then for successive

groups of three fixations up to and including Fixation 18. The results of
this tabulation are shown in Table VII. From the totals at the bottom of
the table it will be seen that the left area received 145 fixations in black
and white and 125 fixations in color, that the right area received 39 fixa-
tions in black and white, but 66 fixations in color, whereas the deer re-
ceived 120 fixations in black and white and 155 fixations in color. As far as
the left area is concerned, the colored picture attracted fewer fixations
than did the uncolored one. For the area at the right, the bright color

! The picture is not reproduced in color in the Appendix, but since it is so well known the reader
will doubtless recognize the colored areas described in this paragraph,
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attracted and held a considerably larger number of fixations than did the

uncolored picture. Likewise, in the case of the deer, the color resulted in

an increase of 35 fixations on that area.

The comparison of the three areas is somewhat more significant if the
two pictures are studied in successive groups of three fixations, rather
than simply by totals of all fixations. For example, the area at the left, for -
the picture in black and white, received 26 fixations in the first three, 42
in the second three, and then showed a somewhat irregular decrease for

the next four groups, ending with a total of 18 for Fixations 16-18. In the

TABLE VII

NUMBER OF FIXATIONS MADE BY FORTY-THREE SUBJECTS ON
IDENTICAL SECTIONS OF PICTURES 1 AND 2 FOR FIXA-
TIONS 1-18, GROUPED BY THREES

Secrtions oF PICTURE 1 SecTions oF PICTURE 2

5 (Nor CoLORED) (CoLORED)

Groups OF

FIxaTIONS e

Left Right Deer Left Right Deer

1-8. . 26 0 30 17 1 38
A=65 0m0 25 2 42 2 29 24 9 38
T=0, &g 5o 23 4 25 32 16 25
TO=12 . e 16 9 16 14 15 25
18055 .« dank 20 11 12 17 15 12
1618 ; s 18 13 8 21 - 10 17

Totals. . . .. 145 39 120 125 66 155

case of the colored picture this area attracted less attention during the
first six fixalions, but beginning with Fixations 7-9 a total of 32 fixations
occurred in this area. For the right area, it is interesting to note that in
both the uncolored and the colored pictures attention, as measured by the
number of fixations, showed a rather consistent increase for successive
groups of three fixations. For the picture in black and white each succes-
sive group of three fixations showed a larger number in this area. For the
picture in color the attention on this area builds up more rapidly but drops
off somewhat in the last group of fixations.

A third method of comparing the effect of color is in regard to the effect
on duration of fixations. Accordingly, a comparison was made of average
duration, based upon all fixations. The total number of fixations involved
was 2,407 for Picture 1, and 2,486 for Picture 2. The average duration of
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ﬁ)::ations f'or Picture 1, for all subjects, was 9.8 thirtieths of a second. F
.Plcture 21t was 9.3 thirtieths of a second. The diﬂ'erencé is too sm: ll' be
interpreted as having any great significance. et
As far as the data from Pictures 1 and 2 are concerned, color or lack of
color has no striking effect upon the general character of the percept Ol
process. The data presented here are admittedly limited and the [l)lua
should be studied further. However, as far as th;' data in the [)l‘(‘%.‘ll): Ot) e;n'
are concerned one might infer that whatever differences color il; ‘L] )S tm ‘
may produce, these differences are little evident in the pcrccptu-ll‘ )I- It(; “'“
It may be that the chief effect of color is in a pleasing mc‘nta’l e\ l):l’-' \”'“
fmd that the satisfyingness or lack of satisfyingness of f:'q)crienc"il “‘9;“
1s not revealed in the characteristics of eye movements o R
One general limitation of the data relating to color 1;131\' be due to tl
fact that the colored pictures selected do not appear to av11\" ‘re-l; {(? -tle
vantage when printed in black and white. This is especiuliv gt{ru(:‘ ‘flSI;l'(L
turfzs 1 and 2. If color had been used in some unexpected w.':lv ‘mvdu'f tic-
main em[.)hasis in the pictures had been on color rather than ;')rltf ] l]e
results might have been different. Any further study of the effe i
should take these facts into account. t ' el ofeolor

THE EFFECTS OF CERTAIN TYPES OF DETAILS IN PICTURES

If space permitted the writer would present a series of plates showi
the effect of special characteristics in a group of pictures for \vvl.qkic‘h Ormg‘
have not yet been shown. It will not be possible to show spéci-xl ol tp “;e’
each'of these pictures. Verbal generalizations must suffice for iO‘Ill(}’ ;’ t(;b N
In Picture 4, “After a Summer Shower,” the principal area (;f int' . “"HT'
tendfrd over the horizontal center of the picture. The clouds (;lt'e?t-ex-
relatl\"ely little attention as did the grass in the foregroumi lh ‘al I:J(Vted
old buildings at the right received somewhat more atté;lt' e
larger clump of trees in the center. ot the

Plctu're 7_, “Outer Surf,” was selected in order to study the patt
percept_lon in a picture of the ocean where there are no sf;'ikin r:o te e
Th(? wrlt-er assumed that the fixations of the eye would [)I‘Oh'lblg\’ c “v'raS;s'
entire picture in somewhat random fashion. This proved (noé tmbert .
case and t}.le patterns of perception for various subjects showed povllary
con.cel?tratlon as fqr the other types of pictures. There was con agl m-l;)Ch
variation as to the centers of interest, but in general the light-COISi'Zflr;ole
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tion of the waves attracted the greatest amount of attention and the sky
received very little notice. Horizontal movements were more character-
istic than vertical movements.

Picture 33, archaeological pieces, showed results quite in accord with
those for Pictures 31 and 32, with the exception that the inscriptions
above and below the main figures attracted considerable attention from
some subjects but very little from others.

Picture 44, a picture of the Rosenwald Museum and the landscape sur-
rounding it, was selected chiefly because of the horizontal lines in the
architecture of the building. However, the drives running through the
landscape are quite conspicuous and the cloud effects are particularly in-
teresting. The majority of subjects gave very little attention to the
clouds. The eve movements showed marked horizontal excursions and for
a number of subjects a rather detailed examination of the landscape. This
latter characteristic of perception may have been due to the fact that the
grounds are adjacent to the University of Chicago and that many of the
subjects were so familiar with the environment that they evidently tried
to recognize certain details in the landscape.

Picture 40, shown in Plate XLIX, shows some very interesting char-
acteristics of perception in looking at the details of architecture. The very
striking cloud effect in this picture was ignored by practically all the sub-
jects although in one or two cases there was a very detailed examination
of the clouds. In general, the pattern of perception for Picture 40 started
with the lower part of the picture, swung up the column to the upper part,
where great interest was evidenced in the details of decoration, and then
back again to the columns in the part of the building at the lower left.
Plate XLIX shows quite typical performance, as indicated by the greater
portion of the group of subjects for whom records were made for this
picture.

Two other architectural views are shown in Plates L. and LI, which pre-
sent pictures of two churches with marked contrast in their styles of ar-
chitecture. For Picture 42, as shown in Plate L, the effect of the tall spire
is very pronounced and the pattern of perception exhibited in this par-
ticular plate was quite characteristic of that of the majority of subjects.
The pattern of perception displayed in Plate LI, the picture of the Copen-
hagen church, shows rather clearly the effect of this type of architecture.
For the majority of subjects the chief center of interest in the beginning

i
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was the area above the doors and around the circular window. The tower
attracted a great deal of attention and a considerable amount of detailed
examination was given to the decoration at the top and to the cross just
below this decoration. The picture brought out marked vertical move-
ments up and down the tower and also pronounced horizontal movements
across the lower part of the picture.

Picture 35, which is quite different in subject matter, was introduced to
indicate the manner in which certain characteristics of line influence per-
ception. As shown in Plate LIL, the eye follows very closely the details of
the picture.

THE EFFECTS OF VARIOUS TYPES OF DESIGN AND BALANCE

In design, perhaps more than in any other type of art, one might expect
the pattern of perception to be influenced by the character of the lines. In
this section the behavior of the eves will be shown for several types of
design.

Some discussion has already been given to the effect of decorations on
china or brass such as appears in Pictures 21 and 22. Additional study of
this type of decoration was made for Pictures 18, 19, and 20. In general,
the patterns of perception for these three pictures were similar to those
already described in the case of Pictures 21 and 22.

A somewhat more interesting design is that shown in Picture 26, one
plotting of which appears in Plate LIII. In terms of some of the a priori
discussions in books on art one would expect to find the eye following in
some detail the circular patterns in this design. The four major spirals in
the picture are thought by some writers to lead the eyve around and around
toward the center of the spiral. Furthermore, the main trunk leading up
through the center of the picture and then spreading to the spirals might
be thought of as a determiner of perceptual pattern. As a matter of fact,
no records were found in which there was anything approaching an at-
tempt to follow the lines of the spirals around and around toward the cen-
ter. The record shown in Plate LIIT, which is an example of a more specific
reaction to the details of the pattern than was found in the case of many
records, indicates no attempt at any place to follow lines consistently. In
this plate the subject first looked at approximately the center of the pic-
ture. He then moved to the left, made a series of four fixations on the burr
in that position, and then proceeded to make a somewhat general survey
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of the main centers of interest—first, the large spiral at the left, then the
one at the upper right, the burrs at the top center, and then the spiral at
the lower right. Finally, this subject moved back across the center of the
design. When the fixations for a group of 25 subjects looking at this design
were tabulated according to position in the 16 rectangles, it was found
that the results accorded fairly closely to the expectation for such a bal-
anced design. There were somewhat more fixations on the right half of the
design than on the left. The column of rectangles at the extreme left in-
cluded 8 per cent of the fixations, whereas the column at the extreme right
included 11.5 per cent. For the left center column the total percentage of
fixations was 36.4, whereas for the right center column the percentage was
43.8. Fifty-seven and nine-tenths per cent of all the fixations fell in the
four center rectangles.

Picture 25, showing the stairway, furnishes another marked illustration
of how eye movements follow the general pattern of a design. Here again
there is no evidence of a series of rhythmical movements going either up
or down the stairs in units corresponding to those shown in the decoration
of the design, but there is a marked tendency to follow the general pattern
both up and down. The illustration given in Plate LIV is quite typical of
the behavior of the eyes for this picture.

A somewhat different situation than that found in the two pictures just
described is evidenced in Plate LV, in which there are samples of three
colored prints in which the main lines of the design run vertically. The
picture was in color and the subjects were asked to look at the three de-
signs and state which one they liked best. The situation involved an ele-
ment of comparison. It should be noted, also, that the three designs are
not equally wide, the one on the right being considerably narrower than
the other two. The reaction shown in Plate LV is quite typical. Few sub-
jects covered the whole design with their eyes, but tended to look at the
central portion of the various panels or to let the eyes follow up and down
the main direction of the design. In the plate shown, the movements in
the vertical direction are much more marked in the sample at the right
than in the other two samples. The sample in the center received much
less attention than the other two. The movements of the eyes back and
forth from sample to sample can be traced from the horizontal lines going
from one panel to the other.

A situation somewhat similar to that for Picture 37 was found in Picture
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38, which showed a group of four sample prints which the subjec.t‘ w.a‘s
again asked to compare and then to select the one preferred. In this pic-
ture, also, the subjects tended to limit themselves qu_nte; generally to an
examination of the central portion of each panel. IIleVldual preferences
were quite clearly marked and the four samples received by no means an
equal amount of attention. ‘
Picture 39 was used in order to see the effects of a pattern of design
which was, with the exception of the border, the same all over. In the part
of the picture which was alike all over the eyes made a ge.neral survey
covering the greater part of this section. For so.me of the sub]ec'ts the l?or-
der design produced a series of consecutive fixations not regular in f{)a¢1r}g,
but following in the main the left and lower sides of the plct.ure. T'he sig-
nature and date in the lower left corner attracted the a'tteutlon of some oi
the subjects, but was overlooked completely by a considerable number o
thf;::() pictures, Pictures 24 and 23, were used t(? study the inﬂl.lence o‘f
lines and decoration in furniture. Picture 24, which was shown in color,
has a considerable number of lines and edges at right angles as well as a
number of decorative panels. In the main the eyes follow'ed the lines of the
figure with occasional interruptions for examining details of the delclor:%i
tion. Picture 23 furnished an excellent example of the way the eye follows
the main lines in a piece of furniture of this type. Record after record
showed a clear tendency to follow the lines of the couch back and forth
laterally, and then to make movements down to the feet at each end.. In
some czllses the shape of the couch could almost be traced from the lines
connecting the successive fixations of the eyes. .
Another class of design which is of unusual interest from'the standpoint
of eve movements consists in those repetitive patterns. which z.u'e used for
borélers. Two assumptions appear rather comn}only in the literature oii
art relating to the characteristics of perception in look.m.g at such bor(ivel
designs. In the first place, it is assumed that the l'apldlt'y _Of eye mo\le-
ments in either direction is determined by the charac?erlstlcs of the d( e-
sign. Some designs which consist of vertical cross—sectlons (.)f the bor' er,
or of circles or dots, are spoken of as static designs, not leading t.he 'emxe in
one direction or the other, whereas in other cases where thf“ main lines o(i
the design assume an oblique directio-n and where C(.?I'taln .ctlir\fres and
angles are introduced the assumption is that the‘ eye is carried forwar
more rapidly along the border. A second assumption which appears occa-
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sionally in the literature is that the satisfaction experienced in looking at
a border design is due to the fact that the repetitive elements which con-
stitute the rhythm of the design produce a corresponding muscular rhythm
in the movements of the eyes, and that it is the sensation from these rhyth-
mical movements of the eyes which produces the particularly pleasing
effect of certain types of border design.

In order to study these various hypotheses six sample border designs
were used. These are displayed in the three parts of Plates LVI and LVIL.
In Plate LVIa the design may be described as static. In LVIb the move-
ment is assumed to be somewhat greater, whereas in LVIe¢ the border is de-
signed to produce even more rapid movement from left to right. In the
three sections of Plate LVII the borders consist of variations of the same
figure of a dog. Plates LVIIa and LVIIb are alike except for the fact that
in one case the dogs are all moving from right to left, whereas in the other
case they are moving from left to right. In Plate LVIIc two variations are
introduced. While the general movement is from left to right and is simi-
lar to Plate LVIIb, the fourth dog from the left is made to reverse his
direction, and the third dog from the right not only reverses his direction
but also changes his position somewhat. The general wave effect at the
base of the design is modified somewhat on account of the change in direc-
tion of these two dogs. Records for these six designs were taken for
twenty-one subjects. The order of presentation was varied for the differ-
ent subjects in order to compensate for the influence of familiarity. Plates
LVI and LVII show individual records in looking at the six patterns.

In the case of Plate LVIa the subject began by fixating near the center
of the design. There then followed five fixations to the left which extended
to almost the extreme left end of the border. The eye then moved to the
right until Fixation 8 was reached, following which there appears a series
of backward and forward movements. Finally the eye made an excursion
to the extreme right end of the border and then swung back again to the
left. In the plates which are shown the records are cut off arbitrarily at
the end of the twenty-fifth fixation. However, following this point the
main pattern is quite similar to that shown in the first twenty-five fixa-
tions. Plates LVIb and LVIc do not show any very marked differences as
compared with Plate LVIa. Certainly from an inspection of the eye move-
ments without knowing which set of fixations belonged to which design

one would not be able to tell which were for the static and which for the
moving designs.



PLALLI Lyl

- \ PLATE LVII
¢ o® v 2 | I
44 o 3 . 0 e s o o {
. o :( '\ 'O‘ .S A. 3% \-.k \.;* W :'\ a- L LR ~
w 43 L o

al Py
i3
¥
]
173 7
i 9
A0
2
3] Jas
P
as|
a HE
= a1 b o g 5
o5 . 24 { B e, Vo = . e e e o i
o o o ° . e ® o * 90 00 a o < . % |
\u_ Sle S Yo I W :3 v \ a ] e { ‘

& -
L___‘Lj
7
7 19
1| }
i
2
13
"
15
n 2
2o
EY)
a3
="y |
uf___’_ﬂi | ' ‘
B e - e e
| 3 ol? *»’e
’ i L ¥ 5
| "o - fo N 2 .\:‘. .“ S .3. . "t % o ’Pn.i-\ ". '.
gt o5 A 8 X W
q “WIAN ‘. P
\ o S
v Ly "\.\b s : . :\ ‘e o’ A% = !
£ . AL e oo s i ) o ": ] 17
;o ‘q % \ e Y .“
- i

H
20|

Cr_;x. Recorp or Eye MoveMENTs FOR PreTurE 30
2

Upper Design, a—Subject 103; Center Design, 5—Subject 103; Lower Design, c—Subject 98

s



112 HOW PEOPLE LOOK AT PICTURES

Plates LVIIa and LVIIbh show the record for Subject 103 in looking at
the border of dogs where in the first case they are moving from right to
left and in the second from left to right. In Plate LVIla the subject’s first
fixation was at the right end of the design and moved from there over to a
left position, after which there was a series of movements to the right end
of the line and then back again to the left. In this record there is no con-
spicuous difference in the characteristics of the eye movements toward the
left and the right. In Plate LVIIb the eyes moved more quickly, that is,
with fewer fixations, from the left to the right end, whereas from the right
to the left they moved with a series of shorter fixations and with occasional
regressive or backward movements. In Plate LVIIe the eye started nearer
the right end of the line, moved well to the left, and then oscillated back
and forth over the positions of the third and fourth dogs. It should be
noted that the fourth dog from the left is the one whose direction of move-
ment is irregular. In the latter part of the record, from Fixations 19 to 24,
there is again an oscillation back and forth with a cluster of fixations over
the third dog from the right, which again is the dog moving in the irregu-
lar direction. In none of these three pictures could the eye movements be
described as rhythmical in character. There is no evidence whatever that
the eye jumps from dog to dog. There are ten dogs in each series and if
the movements were rhythmical one might expect a series of ten succes-
sive fixations moving from figure to figure.

In the plottings presented in Plates LVI and LVII the data are limited
to the records of single individuals. In order to determine the general na-
ture of a pattern of perception in looking at designs such as these, the rec-
ords for a group of individuals were combined and the results are shown
in Figures 2 and 3. The center line of each of these figures represents the
position of the median fixation for the group of subjects for the first 20
fixations of the eye for Figure 2 and the first 22 fixations in the case of
Figure 3. The dots in the line at the left show the successive positions of
the lower quartile in the distribution, whereas the dots in the line at the
right show the same for the upper quartile. The quartiles are shown in
order to indicate the degree of consistency for the middle half of the group.
In Figure 2 the general patterns for the median and for the quartiles are
very similar. For each of the pictures the general tendency is to start near
the middle of the border, to move first to the left in a series of fixations,
and then to the right, following which the eye tends to zigzag back and
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forth more or less in the center of the pattern. A particular characteristic
to which the attention is called here is the very general tendency for the
eye to move first to the left and then to the right. Whether or not this is a
carry-over from the ordinary process of reading cannot be known from the
data available. However, there is a considerable body of evidence to lend
strength to this hypothesis. In Figure 3 the same general pattern of per-
ception is apparent, namely, that the initial fixations tend to start near the
center of the border, to move first to the left in a series of fixations, and
then a considerable distance to the right, following which they tend to
zigzag back and forth. The reader should remember that in Figure 3a the
general direction of movement of the dogs is from right to left, whereas in
Figure 3b the general direction of movement is from left to right. The me-
dian curves for Figures 3a and 3b indicate that the eye swung approxi-
mately the same distance to the left when the dogs were going in that
direction as when the dogs were going in the opposite direction. However,
the swing of the median line to the right is somewhat greater in Figure 3b
where the dogs are moving from left to right than in Figure 3a where the
dogs are moving in the opposite direction. Figure 3¢ shows rather clearly
the influence of the two dogs that interrupt the general series of move-
ment. The first general swing of the median line from the center toward
the left extended only slightly beyond the position of the irregular dog,
but in the following swing from left to right it extended far enough to
cover the position of the irregular dog at that end of the border.

The data presented in Figures 2 and 3 deserve rather careful analysis.
The effect of different types of design in carrying the eye swiftly from one
place to another is apparently much less than is assumed in the literature
of art. The feelings of swift movement, if such are actually present, are
not accompanied by corresponding movements of the eyes. It is evident
that the movements of the eyes are adjusted in some manner to produce
the most effective pattern of perception, but the inner interpretation from
these patterns of perception are in all probability derived from ideational
and emotional experiences which are quite unrelated to the particular
movements of the eyes at a given time. The writer should emphasize
again that the data from eye movements are not to be considered as evi-
dence either positively or negatively for any particular type of artistic in-
terpretation. It is quite to be expected that the mind readjusts the data
which it receives through patterns of perception in accordance with the






























































































































