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This thesls is conterned with the collection of nor-
mative date on the roles of movement, complexity. and thelr
interaction on the visual fixation preferences of Beweekeold,
16wwockwold, and 2iwweekeold infants. At present, the litera=
ﬁm Wﬂt&-m no systematic investigations of the development
of mmemen% perception in the human infants The existing
pam&.w of data may be ai;@mm%aﬁ to the fact that there has
been o histus in methodology which has hindered any serious
awem@%s to investigate developmental trends in yememmm
Ba@emzm there has been a renewed interest in the eauems&m
of data on abllitles of infants: This inberest has arisen
from the awsreness that "ind!

lcator® vesponses; such as visual
fixation; can ve applied to the study of perceptual develope
ments This new awareness Iaas atxabléé psychologlsts ‘study
& wide variety of behaviors heretofore relegated to the resims
of the unapproachable. |

The collection of normative date on movement and come
plexity is pamnmm &mm& because there is evidence that
the pamezamm of moving detail ma;y form a basis for other types
of d&semmimt%mn, Hunt (1961) ‘and Piske and Naddl ti%&i have
proposed that there is a strong inte

1

dependence between early


http:late:ra.e.tt.on

vy stimulation and the development of the organism's
capacity to respond adaptively to its emvironmer

Data on

the ability to perceive movement and complexity could be used
in the study of the eritical effects of early environmental
stimalation on the development of perceptual discrimination

and intelligences Spitz (1946), Rheingold {1961), Wwolff (1963).
and Walters and Parke (1965) have proposed that movement and
somplexity may be lumportant for certain types of socisl respons
sivenesss The lnvestigations of Walk and Gibson (1961) and
Walk and Dodge (1963) imdicate that the movement of textured
surfaces may well form & basis for the perception of depth by
young organisms» In addition, Dember and Earl (1957) have proe
posed a theory of perception and motivation which maintaines
that the development of percepbtion ia closely related to the
developmental stage of the perceiving orgenism. Novement and
textursl complexity ave stimulus dimensions which could readily
be used test this theory.

A secondary purpose of the thesis is to obtaln data on
the ways in which looking Yehavior changes during infancys The
findings of earlier studies have indicated that there are dife
ferences in patterms of looking behavior at different stages
of development (Silfen and Ames, 1964} Ames and Silfen, 1965
Stechler, 1965; and Kaormel, 1966)« In order to investigate
these differences more fully and to study their implications
for the comparison of subjects of different ages, the research

to be presented compar

gs Pesulbs obltained from anglysis of siz
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different measures of looking behaviors total looking time,
percent looking time, average span of looking time, total
number of looks,; percent average span of looking btimes and

percent totol nunber of looles.




In reviewing the literature relevant to thls research
topic, 1t became apparent that the material on the perception
of movement and of complexlty is extemsive and, sinee mest of
it ie concerned with adult subjects, often is of only iadiwvest
relevence to the present thesis, Nonetheless a general roview
ic warranted to provide historiesl perspective to the experie
méents subseguently deseribeds The range of literature 4o be
soveraed will include adult and dsvelopnental studies on BOvew
ment pereeption and on complexity. In addition, there will be
& brief review of the use of the visual fization preferense
nethed in studies of wvisual p

reforence in infants.

The literature on the perception of mov
extensive, and includes studies of both real and appeven
mentes Notlon is & quality conferred
ory when thers is a displacement of such objects in both time

upon objocts by an obsgrve

and space. Sinee the perception of mevement resul
ation of different retinnl yeceptors, 1% i

ipulating

puecegsive stiaul

posslible to produse z sensation of movement by »an

b
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snary evente in a temporal seguences This type of moves

ment is known ae epparent movemente The perception of apparen

movement depends on several veriable eonditionss the lengdh
of the time interval between the presentation of the first and
the sccond stimulus, the luminance of the stimull, the distance
betysen them, the oxposure time of cach, the magni
stimuli, and the conditione of instruction. Sinee thisz thesis
is concerned with the perception of resl movemsnt, a dlscussion
of opperent movement will be omitted. Exmvellent coverssze of
this meterisl wmay be found in Wertheimer (1912), Herte (1913),
and Graham (1963).

Real movement ocours when the physiesl (distal) sbtizue
lus um@@xga@a displacenent in epaece within some sufficliont
interval

of time. As the stimulus moves, there is successive
displacenent of luminous snergy acroess the &@ﬁina; I? the sude
cegpnive stimulation of the receptors iz rapid enough, a conbioulbty
of movement will be poreelved. If the speed ls decrcased suf
fielently, 2 velocity is reached below which the discrimination
vceases {the lower threshold)e. Simileriy, by incroasing the

gpeed of the stlunlus, & veloocity iz resched above which move
ment iz mo longer perceived and the stimlus pattern appesrs
fused (the upper threshold)..

Gottedanker (1956) discusces other types of movement
threshold. Among these are the differsnce threshold, or the
sure of how well the subjeoct dlestinguishes between twe
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motions of dlfferent velooitiessy the threshold of acceleration,
which 18 the sensitivity of the subject to a smooth change in
velocity; and the difference threshold of acceleration (®Jerk"),
which 1= the measure of accuracy with which the subject ls able
to dlstinguish a suffiociently rapid change in the rate of change.
Since very little research has been done on acceleration and
#Jjerk®, they will be excluded from consideration in this paper.
Treatment of these toplos may be found in Hick (1950) and Hiek
and Bates (1950).

Studies in the perception of real movement by adults
are fairly extensive, cover s wide range of variables, and

have reached a falrly high level of sophistication. Etarting
with the now classic work of J« F« Erown (1931 a,b), a large
number of variables affecting phenomenal veloclity and/or movee
ment thresholds have been investigateds« The review that follows
includes the findings of early (pre-Brown) studies, Erown's
classic studies on field determinants of phenomenal velooity,
later work arising from Brown's description of the "velocity
transposition phenomenon', studies of the roles of fization

and eye movements on movement perception, and an account of
variables that have been demonstrated to affect movement thresh-
olds.

Ben “3_ &ﬁwmiw t@

(1931b), there were many experiments performed on
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the perception of velocity during the late 1800%s and early
1900%tas In this period, Czermak showed that movement observed
in the periphery of the visual field ies phenomenally slower
than the same movement observed in the center of the visual
field. Aubert and Fleischl, in separate studies, observed
that movement seen while flxating a stationary point ig phes
nomenally faster than the same movement followed by the eyes
ourdon observed that the threshold for movement with large

- objects was greater than that with emall. These and other

early studies have been reviewed and summarized in some detall
by Desilva (1929), FrBveas (1923), Kemnedy (1936), and more re-
cently by Graham (1963) and Whiteside (1963)+

Brown's classic experiments. J+ Fs Drown (193la) pere
formed what 1s now considered a olassic series of experimente,
specifically designed to investigate the influence of a variety
of objective factors on the perceived rate of movement. Erown
had subjeots compare speeds in two fields, which differed in
various respects from experiment to experiment. Each movement
fleld consisted of an opening in a black cardboard soreen, with
black dots of equal size moving vertically through this opening
on a white backgrounds The dots were pasted on a roll of white
paper running over two moving drums, which were hidden from
view by the screens Only a uniformly illuminated, flat surface
was visible through the opening. The subjeot compared
sively the speeds with which the dots in the two fields passed
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through thelr regpective openings. The valaaity of the variable

field was controlled by the experimenter, and could be decreased

or increased under the subject?s direction untll the speeds in
the two fields appeared to be the same. The physical velocli-
ties of bhoth flelds were measured, and the ratio between then
was computed.

Browmt's major finding was that, by varylng the size

and the structure of the visual fleld in which & given stimie

lus veloelty occurred, the resulting phenomenal velocity varied

over a large continuous range. In other words, phenomenal
velocity was not produced by the physiecal veloelity of the stinue-
lus alone, but was dependent upon other properties of the field
surrounding the movement. The major results of this serles of
experiments may be summarized as follows:

1« Phenonenal veloeity diminishes as the distance of the movee
ment fron the observer increases.

2. Either an increase in width and length of the moving field
or an inecrease in the size of the moving object result in
a decrease in phenomenal veloeltys Varlation in the azlze
of the field causez a greater difference than does varia-
tion in the size of the moving objlects.

3o If two moving flelds are compared successively in a homo-
gensous surround, and one of the fields 1s changed in all
its linear dimensions, the stimulus velocity of that field
mast undergo a corresponding change to retain the sanme
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phenonenal velocity in both fieldss For example, suppose
that two stimuli, 4 and B, are presented at equal distances
from the sublect in a darkened rooms If 4 consiste of
cireles 1 ems in dlameter placed regularly at 4 cme interw
vals on & belt moving behind an aperture measuring 18 cme X
6 cms, while D consists of circles «5 oms in dlameter placed
regularly at 2 oms intervals on a belt moving behind an
aperture measuring 9 cme x 3 ome == 1s8s, 1f 2ll of At¥s
dimensions are doubles the size of Bfs -« then the physical
veloeity of A must be doubled in order for the phencmenal
velocity to be the same in both fields. Since judgments
are made ln a darkened room so thal cues to distance are
omitted, no general frame of reference is avallable to the
gubject, and his jJjudgment of speed depends on the relation-
ships between dimensions in the fleld in which it is oObe
served.

Lrown's data show that thle veloelty transposition
phenomenon cannot be completely acecounted for by adding
the phenomenal difference caused by variation in the size
of the fleld to the phenomenal difference caused by varige
tlon in the size of the moving objects. That is, one can-
not simply add the two factors disocussed as Eesult 72 above
to obtain the veloeity transposition phenomenon described
here ag Result #3.

If the structure of the larger fleld surrounding the moving

field 1ls heterogenesus,. the phenomenal veloclty iz faster
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than 1t would be for the same physical velocity surrounded
by a homogeneous fleld.

5¢ Objects oriented in the direction of movement move phe=
nomenally faster.

6« Relative to the observer, vertical movement is phenomenally
faster than horizontal, and movement dlagonally between the
vertical and horizontal falls phenomenally between the two
in veloocity.

7+ Fhenomenal veloclty increases as the 1llumination of the
field in which the movement occurs decreases.

Gs liowements observed while fizating a stationary point are
phenomenally faster than when the eye follows the moving
objects This upholds the findings of Aubert and of Fleischl
(Brown, 1931b).

9« lovements projected on the fovea of the retina are phencomew
nally faster than those projected on the periphery. This
agrees with the previous findings of Czermak (Erown, 1931b).

grown (1931a) performed a second series of experiments
to investigate the question of whether or not the thresholds
for movenent were also conditioned by the same factors as the
phenomenal veloelty itselfs From the results of his earlier
experiments, Brown hypothesized that all the factors which ine-

@raasé the phenomenal veloeity by fixed amounts, should decrease

the thresholds for movement by equivalent amounts, and vice

versae The basie procedure was to measure the threshold for



a glven field A, and on the basis of the ratlos already cale
culated in the previous experiments, to predict what threshe-
olds for varlations in fleld structure would bee. If hls
predicted values for thresholds could be verified by experi-
mental evidence, his hypothesis could be considered provens

Brown used five variations in fleld structure, involving
changes in the size of the diaphragm aperture, size and spacing
of the moving figures, and 1llumination, each of which was
varied separatelys He then predicted values for several dif=
ferent types of threshold in each of these field variatlons.
The data confirmed Erown'!s hypothesis == namslyQ that the same
factors which influence phenomenal veloclity alse influence the
lower threshold for movement, the difference threshold for
movement, the thiﬁshcld of apparent reversed movement, the
threshold for the appearance of inerease in number of moving
objeects, and the threchold for fusion.

The experiments also demonstrated that the circular
velocitles are phenomenally faster than linear velocltles,
but that the two may be phenomenally equated with a compara-
tively high degree of accuracy. In addition, it was shown
that Erown's general conclusions about field structure held

for circular veloclity as well as linear veloclty.

Erown's discovery of the velocity transposition phenomenon

stimilated other researchers to explain its occurrence in
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terms of other known perceptual phenomena. Wallach (1939)
attempted to show that the transposition phenomenon could

be explained by the same principle he employed to explain
constaney of visual speed. Wallach stated that, from the
viewpoint of the perceiver, the transposltion phenomenon ls
analogous to what one experiences in cases of speed constancy.
In speed constancy, ldentical moving flelds are presented at
different dlstances from the eye, whlch produces corresponding
retinal images of different sizess. The subject experiences
equal vhenomensl speeds when the retinal veloocity of the
nearer (larger) fileld is greater than that of the farther
(smaller) fields The judgment of speed is made on the basis
of displacements relative to the size of the retinsl inage.

If one retinal image is twice the size of another, then dise
placements in the former must be twlce as greet as in the latter
for phenomenal speeds to be judged equal.

In the case of the velocity trensposition phenomenon,
one movement field 1s twice as large in sll dimensions as the
second fleld, and since both are présented at the same distance
from the eye, the retinal image in the case of the first is
twice as large as in the case of the seconds. According to the
transposition prineciple, the phenomenal speed in both fields
iz the same when the objective veloeity in the larger field is
twlce as great as in the smaller. This being the case, the
velocity of the retinal image of the larger field is also twice
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as great as that in the retinal image of the emaller. We find
then, that the two different experimental situations yield
essentially the same processes on the retinase. If we apply the
principle of transposition to the retinal lmages of the two
movement flelds in a constancy experiment, the prineciple leads
to equality of phenomenal speed. Wallach sald that the trans-
position principle alone, if applied to retinagl lmages and
retinal displacements, would yield constaney of visual speed,
and no further principles would be needed for its explanation.

Another attempt to provide sn explanation of the velo=
clty transposition phenomenon was made by Smith and Sherlock
(1957)s They performed an experiment to test two hypotheses.
First, that Erown's transposition pherniomenon could be explained
on the baslis of Jjudgments of frequency. lses, that jJjudguments
of apparent velocity were determined by the frequency at which
moving objects left thelr bounded fleldss This type of frequency
could be varied independently bty changing the density of dise
criminable objects in the moving field. OSecond, that retinal
matehes of veloelty would be made when the movement flelds were
observed in the abzence of any cues to distance, external to
the fields.

Thelr stimull were composed of black and white hori=-
zontal stripes pasted across the surfaces of two endless rubber
velts which were covered with white papere The stripes were
one inch wide on one belt, and 1/2 inch wide on the other. The
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velocity of either belt could be varied continuously via remote
control by elther the experimenter or the subject. The stimuli
were viewed through eyepieces with variable rectangular aperw
tures. The one~inch stripes were viewed through an aperture

23 inches x 17 inches, and the 1/2-inch stripes through an
aperture 1ll.5 inohes x 8.5 inches. Both stimulus surfaces were
six feet from the aperturez and were viewed in & homogeneous
surround, thereby fulfilling the physical conditions for trans-
position.

Each subject made three types of Jjudgment in random
ordere. In the first condition (condition 4), the subject was
asked to match the frequency at which the one-inch lines passed
behind a fixed center point by adjusting the veloelty of the
belt bearing 1/2-inch lines. In condition B, the subject was
instructed to adjust the freguency of the 1/2-~inch lines to
twice the frequency of the one-~inch lines. In condition C,
the subject was instructed to regard the smgller lines as being
twlce the distance of the larger lines, and to take this into
account in making matches of physical velocity. The physical
velocity of the standard (one~inch lines) was constant at 20
feet per minute for all three judgments.

The basic findinge supported the hypothesis that EBrownts
subjects could have been making matches of apparent frequency
when they were instructed to make Judgments of apparent veloeity,
and that frequency can be judged independently of physiecal velo=

clitye Sven in condition €, when ocues to distance were eliminated
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but subjects were instructed to assume distances, matches of
retinal veloeity were not mades Instead, matches seemed to

be made on the basis of frequencys Smith and Sherloek conw
cluded that an explanstion of tram&pcsi%ion bagsed on frequency
judgments 1s preferred, since frequency can be an independent
variable when the retinal veloclty is held constant.

mentioned previously, J. Fes Erown (1931 b), in sgreement with
earlier works by Aubert and by Fleischl (Brown, 1931 b), showed
that movement observed while fizating o stationary point lis
phenonenslly faster than when the eye pursues the moving object.
in contrast, Gibson, Smith, Steinschneider, and Johnson (1957).
stuﬁjin@ the relative accuracy of movement perceptlion viewed
under these two conditione, found that the mean dlfference
between error for pursult and ervor for fixation 1s not signi-
flicants. Thelr findings indicate that discrimination of apeed
under the two viewing conditione is equally good. However, it
is difficult to compare the results of the Gibson, gt gal. study
with that of Erown, since different procedures were useds In
Brown's study subjects made judgnments by following the velooity
in one fleld with pursuit and then fixzating the second field
immedlately thereafter. Veloelty wes then changed in the second
(fizated) field until the veloecities were reported as phenomenally
equals Thus, the judgments were not nmade simultaneoﬁaly. and
involved constant change in set in turning from one stimulus
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field to the others In the study by Glbson gt al., subjects
were presented with a standard and a variable stimulus pattern,
and instructed either to fixate gr pursue the stimulus patterns
and to match the variable to the standard by looking back and
forth between thens Here, the subject was concentrating on
one task at e time, and performed equally well under the two
conditions.

The results obtalned by Gibson et als. suggest that
the differences in phenomenal veloeity attributed by ecarlier
investipgators to mode of fixstion may actually be replicsble
only in procedures in which subjects are required to make suce
cegsive Judgments while shifting from pursult to fixation. It
appears that there are other experimental procedures in which
fization and pursuit are equally effective.

L Purther investlazation of the role of eye movements
in the perception of movement was performed by lashhour (1964),
who attacked the claseiecal view which explains the perception
of movement of a pursued object on the basie of the retinal
novenent of the background image. The classicsl view assumes
that the image of the object remains statlonary, because the
eéyes move with the objects It is the image of the statlionary
background which moves on the retina and looks blurred. Mashe
hour has shown, through phobtographic records of eye movenments,
that the eye is not able to follow the noving object perfectly
and smoothly, which implies that the retinal iwage cannot remain
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stationary during pursults Furthermore, he concluded that
information about the speed of an objeet is supplied to the
higher nervous centers by short, frequently ocourring pauses
during pursult, allowing the object to move across the retina.
He has demonstrated that the length of the pauses increases,
in general, with an inecrease in veloclty, lumplying that pericds
of fixation and pursuit are longer at higher speeds than at

lower ones.

been several attempts to measure various bypes of movement
thresholdse As is the case for all psychoe-physical data,
thresholds for movement have been found to be a function of a
number of variables, not the least of which are the procedurss
employed snd the measures takens H. He Brown (19603 1961) has
reviewed some of these methodologlecal considerations. o ate
tempt will be made to present all of BErown's arguments hereg
instead, a more focused review including those experiments
that have systematically manipulated variables to determine
thelr effect on movement thresholde will be presented.

Since the perceptlion of movement seemed to be related
to visual aculty and the resolving power of the retina, Gordon
{(1947) became concerned with a ocomparison of the thresholds of
form, motion, and displacement using the same type of stimulus
throughout. The threshold of form was defined as the smallest

geparation of two contours which could be recognlzed as discrote.
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The threshold of motlon was defined as the slowest perceptlble
rate of movement of the stimulus. 7The threshold of displacee
ment was equal to the minimum distance through which the stimue
lus object moved at a given speed in order to produce the
perception of movement.

Gordon found that, within a speed range of 0.8 degrees
to 1.8 degrees of visual angle per second, the relationship
between the thresholds of form and motion is approximately
linear at all retinal pointe, and that the threshold of form
is approximately equal te the threshold of displacement.

In view of Gordon's findings of a relatlonship between
thresholds for form and for movement, it 1ls not surprising
that other investigators have showa that movement thresholds
may be influenced by some of the same variables that affect
form perceptlonss DResgearch on these varigbles - brightness,
exposure time, and spatial and temporal cues will be reviewed
in the remainder of thies sectlon.

In 1937, Crook determined the brightness level at
which the direction of movement could be detected. He prew
sented vertical black gratings of different widths in front
of a milk glase soreen. The veloelity of the stimulus could be
varied by the experimenter, as could the brightness of the field.
The field was exposed automatically for 1/%5 second on each trial.
All subjects were darkeadapted prior to experimentation and run
through an exploratory series to determine the "doubtful" =zone
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of brightness in which the subject could just detect a moving
VEe 2 n@n»@svimg stimalus. A formal series of twsnty trials
was then glven, during whiech the subjeet was asked to make
Judgments of movement in terms of "right" or "left". Direc-
tion of movenent was varied at random in the series. If the
percentage of correct judgments fell below 75 percent, the
brightness of the fleld was ralsed for a second serles of trislsy
if the percentage was above v5 percent, it was lowered. The
threshold was defined as the brightness level at which the
direction of movement of a given grating size at a given speed
could be correctly Judged 75 percent of the time.

Crook's data showed that the log brightness necessary
for discrimination is a function of speed. They aleo domone
strated that inteneity thresholds decrease as the wildth of
the grating bars incresmses.

He He Erowm and Conklin (1954) investigated the effects
of exposure times on the lower threshold of visible movement.
They found that the lowest rate of movement required for a
Judgment of visusl movement ls a decreasing logarithmic funce
tion of exposure time.

liore recently, Handriota, Mintz, and Nottermen (1962)
studled the effects of spatial and temporal cues on the differw
ential threshold for angular speeds Thelr stimull consisted
of single spots of light which traversed the field from left
to righte A trial coneisted of a single traversal of a standarxd
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veloclty stimulus, followed by a single traversal of a come
parison stimuluss The subjeets were exposed to three condle
tions. First, the standard and comparison stimuli traversed
equal extents of visual angle, hence the duration of stimulus
transit varied inversely with the velocity. Second, the
standard and comparison stimull were in motion for equal duraw-
tion, so that the extent of the traversal varied directly with
the velocity. Third, the stimull moved over extents and for
durations which were randomly changed fronm presentation to
presentation, so that veloeity could not be inferred from
elther the extents or the durations of the comparison stimulus.
They found that, within the range examined, discrimination is
finest when spatial cues are present, intermediate in the
presence of temporal cunes, and poorest when nelther a spatial
noxr & temporal cue is related to stimulus velocitys They con-
¢lude that the precision of veloelity judgments is at least
partially dependent upon systematic presence of elther spatial
or temporal cues.

In summary, it may be noted that many varlables have
been shown to influence adults?! perception of real movement.
These include the slze and structure of the field, the distance
of the fleld from the subject, the size of the moving objlects,
the heterogenelty of surround, the direction of movement,
1lluminetion, exposure time, the presence of spatlal and

temporal ocues, the use of peripheral vse central vislon, and
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of fixation vs. pursults Any of these factors that are not
equated in stimulus flelds that are compared may be consldered
as potentlally effective variables: Yhether these same vari-
ables are effective for infants has never been determined;
however, 1t would seem most parsimonious to suspect thelr
effectiveness untll it has been dlsproven. In the research
presented in this thesis, all the wvariables except three have
been controlleds One of these -~ size of the moving objects
(or, in the terminology of this thesis, complexity) == is em=
ployed as an independent variable« The others =« peripheral vs.
central vision, and fixation vss pursult -~ cannot be controlled
through instruetions to infants, and could only be investigated
in these young subjects through the usge of eye movement photo-
graphy, not employed in the experiment to be reported. Although
the role of these variables 1ls not fully asreed upon even in
studies using adults as subjects, the poseibility of thelr
operating as uncontrolled variables in the present research is
acknowledged, and nust be considered in interpretation of resultis
obtained.

If we consider only behavioral data, a survey of the
literature reveals few developmental studies which appear to
be dlreetly related to the perception of real movement. Host
of the early studies were designed te measure the maturation
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of eye muscle responses, and therefore emphasize the response
rather than the stimuluse.

studies, it can be concluded that the perception of a moving
stimulus was used primarily as a means of studying various
developmental aspects of cecular-motor coordination. In other
words, the purpose of using moving objects was not to study
the perception of movement per ge, but to use movement as a
tool to study other developmental problems.

In one of the earliest studles of this type, Jones
(1926) reported observations on age norme and developmental
pericds for several early behavlior patterns in young chilldrens
One of her observations was concerned wlth eye coordination
and the abllity to follow a moving light« Each subject was
placed on his mother's lap, facing toward the experimenter,
who systematically moved a pocket flashlight at an approximate
rate of elx inches per second in the following manner. First,
the light was moved slowly from side to side at the level of
the eyes, twelve inches to the right and to the left at a
dlstance of twelve inches from the chlld's nose. Then the

ligzht was moved up and down, and finally in a counterclockwise
circular motion of about one foot in diameter« Jones reported
that no true fixation or following occurs at birth, but that

improvement in the use of the eyes i marked during the first



23

monthe of 1life. Horizontal following develops first, at the
nedian age of 58 days; then vertical following, at a median
age of 65 daysy and finaslly circular following, at a medlan
age of 78 dayse She reported reliable differences in the
maturation of these three functions.

Another early study was undertaken by MeGinnis (1930).
He studied the effects of movement on three aspects of coculars
motor behavior in early infancy: optlc nystagmusy the firat
ocourrence of saccadic, pursult, and coordinate compensatory
eye movenents; and the development of oocular pursult. His main
experiment consisted of placlng the infent in a stationary oribd
bed loecated in the interlor of a rotating drum cylinders. The
cylinder was constructed of wire mesh sercenlng. The interlor
was lined wilth white cardboard, to which were attached eleven
black cardboard bars, runmning lengthwise of the cylinder. Each
bar subtended an angle of five degrees as measured from the
center of the oylinder. Ten of the bars were placed on one
side of the cylinder, with twenty degrees between centers,
while the eleventh bar was placed at the midpoint of the ope
posite slde of the eylinder. The oylinder counld be rotated
clockwise at three speed levels, or oscillated in a harmonie
fashione Eye movements were recorded with a motion plocture
cameras UWhen the infant was placed in the cylinder, an attempt

was made to get him to look toward the single bar, which was
inmediately overhead. The cylinder was oscillated at 2 slow
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gpeed, and then turned over and osclllated at the same speed
with the ten bars uppermost. The procedure was repeated for
a medium and a fast speed of movement. After this, the cyline
der was rotated at these three speeds, with movement ocourring
in the barred field, Finally, the cylinder was turmed so that
the single bar was uppermost, and behavior was recorded in
regponse to a stationary stimulus.

The results may be summarized as followss Optic
nystagmus oceurs during the first twelve hours after birth,
and is characterized by the presence of both large saccadie
movenents, and slow, gliding pursult movements. The number
of eye movements ocourring during nystagmus ls directly in-
fluenced by the number of bars in the visual fleld and thelr

speed of movement. Successful ocular pursult first appears
during the third and fourth weskss With increasing agze, there
18 a gradual inorease in the number of eye and head movements

corresponding to the direction of the stimulus movement, and

gradual decrease of movement in the opposite direection. The
number of ocular adjustments during pursult is inversely ree
lated to the speed of movement, but the proportion of eye
movements in the correet direction is usually greater for
rapld speeds than for slowser speeds.

Beasely (1933) compared visual pursuit in 109 white
and 142 negro infants, ranging in age from 2~1/2 hours to
twelve dayss Three stimulus objects were used -«- g fountain
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pen flashlight, the experimenter's fingers moving in a
fluttering manner, and & dark blue oylinder two om. in
diameter and seven inches long. Beasley studied horizontal
pursuit by first moving the flashlight to the right (at a
rate of one inch per second) at a distance of from six to
fourteen inches in front of the infant's eyes, then back to
the left, and then agaln to the right, through short distances
of one to two inches. A sinmllar procedure was used for hori-
zontal pursult with moving fingers and the dark cylinder.

The latter was held so that the long axis was parallel to the
saggital plane of the subject's head. Eeasley repeatedly obe
served that some of the subjects followed an object better at
twelve to fourteen inches, and others from six to elght inches,
which would hint at individual variations in the ability to
acconmodate.

In the vertical pursult test, an ldentieal procedure
wag used by simply changing the direction of motions In this
test, the dark cylinder was held so that the long axls was
perpendicular to the saggital plane of the subjeotts head.

For eclroular pursuit, the stimulus objects were moved in a
eircular motion, with a radius of about ten inches, centere
ing on the subject'sz nose.

The resulte showed that for all subjects, at all ages,
for all kinds of pursult, negro infants excelled whites. In
white infants there was 2 slightly greater tendency for pursult
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to occour in the tests using moving fingers and the dark
cylinder, than for tests using the flashlight. The results

for negro infants showed that the frequency of pursult was
greater than for whites, and that the type of stimulus was

not influential. Beasley c¢oncluded that the visual pursuit

of negro babies not only beginz at a higher level of excellence,
but also shows more rapid improvement. This would indlcate
that functional development is more advanced in negroes at
birth than in whites.

Ling (1942) used a black disk moving in a vertlcal
plane to study sustained visuel fixzation in infants from
birth to six monthe of sges Her study was2 important in denone
strating that the development of wisual fixatlon ls systematle
and graduval, and that fixation on a moving object is primarily
monocular in the young infant, with binocular fixation develop=
ing at a medlan age of seven weeks.

Hore recent studlies have sometimes employed moving
stinull to determine the limits of infants'! visuel aculty.
Schwarting (1954) attached wire wands of different thiocknesses
to a metronome which moved a wand across a lighted visual field.
He found that in infants as young as three months, the thicke
ness of wand that had to be present before an infant would
pursue the wand could be used as a rough measure of visual
acuity. According to this measure, Schwarting found threew
month=olds to have aculty of 20/400.



Another neasure of aculty is provided by the opto-
kinetic nystagmus response to moving stripes of various widths.
Recent studies involving the nystagmus response have mainly
been methodologlieal ilmprovements on the basic technique em=
ployed by leGinnis (1930). Corman, Cogan and Gellis (1957)
observed the reflex eye and head movements of infants under
five daye of age to a large fleld of nmoving stripes, and dee
creased the width of the stripes until the optokinetie nystag=
mus response was no longer presents They found the visual
aculity of a large percentage of newborns to be approximately
20/350, and that all of the 100 newborns they tested had acuity
at least as good as 20/450.

Fantz, Ordy, and Udelf (1962), employing an apparatus
patterncd after that of Gorman gt al. (1957), tested 46 ine
Pants between four days and gix months of age. Thelr results
on the nystagmus response asgreed falrly well with the results
of a study of visual fixation responses to non-moving grids
of stripes in finding that during the first month of life in=-
fants had visual aculty of approximately 20/800, and that acuity
increased with age, s0 that in the sixth month of life acuity
was better than 20/150

Dayton, Jones, Alu, Rawson, Steele, and Rose (1964)
increased the precision of judgment of the presence of nystagmus
by using electro-oculography, in which electrodes are placed
close to the outer canthus of each eye and on the bridge of
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the nose to provide horizontal recordings across both eyes.
Of 39 infants tested between the ages of one and elght days,
18 had records clear-cut enough to permit lnterpretation of
the level of visual aocuity. Dayton et gl. concluded that
visual aculty in some newborn infants is at least 20/150, and
may be even better.

In general, it can be concluded that estimates of
infants! visual aculty have steadily improved as sophisticaw
tion in methodology and in instrumentation has increased. The
same appears to be true of estimates of visual pursult ability,
which has also recently been studied with electro-oculography
by Dayton and his co-workers. Dayton, Jones, Steele, and Hose
(1964) showed infants less than ten days old a series of tar-
gets each consisting of a black dot moving at an angular speed
of about 16 degrees per second. OFf thirty infents who were
awake for testing, 17 exhiblted pursult of the dot on two or
more successlve presentations. This finding contradlicte
HeGimnists (1930) finding that infants less than two weeks old
cannot successfully pursue moving objectss In snother study
employing the same stimulus, Dayton and Jones (1964) found
that those infants who pursue show s high degree of conjuga-
tion of the two eyes« These results do not uphold earlier
oontentions (Ling, 1942) that fixation on & moving object is
primarily monocular in young infants. Dayton and Jones (1964)
also found that the major differences between the pursult
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reflexes of infants and those of adults are in amplitude and
frequency of refixzation. Infante tend to fall behind in
tracking the tarset, and they require more refixations to
pursue it. While adults rarely have any measurable refiza-
tion movements, newborn infants meke one to 1.5 refizations
per second. The number of refixations slowly decreases with
ages

Recently Wolff and White (1965) have investigated the
effect of organiamic state on infants' visual pursult and ate
tentions In thelr research 43 three- to four-day-old infants
were presented with a 7=-1/2 inch circle moved horizontally
acrosa the visual fleld at the approxinste rate of one foot
per second. Wolff and White found that the range of visual
pursult using conjugate eye movements wes greater when infants
were alert but guiet than when they were active. They also
found that paeificr sucking inhibited the infant'!s head movee
ment. Pursult performed while the infant was starting to suck
employed more eye movement and less head movement than when
the infant was not sucking. Infants who sucked on a pacifier
for a period of three minutes or more had larger renges of eye
pursult than infants who had Just started to suck.

responses to matrizes of blinking lightas (Cohen, 19651 Haith,
19663 Xagan end Lewis, 19653 Lewls, Campbell, Kagan, and



30

Kalafat, 1966)« Although many of the stimuli presented in
these studies were ones which to an adult might lead to the
rerception of apparent movement, it ls not known, of course,
whether infants do perceive movement under these conditions.
A stert on answering this question would depend on the obiaine
ing of normative data on infants! responses t0 real movenment.
In line with the claims of importance of movement in
the humen face as a basis for sooclal responsivensss (Rhelne
gold, 1961; Welters and Pavke, 1965) there have been several
studiesz of infants' responses to moving faeese In none of
these studies has the amount of nmovement heen varied, probably
beoguse of the difficulty of measuring the amount of movement
in an object as complex as & face. There are, however, soveral
indleations that infants do respond to movement vs. NON-NOVE=-
mente« Recently lorgan (1963) haz studied infants'! visual
fizations to motion plcotures of s human face. She found that
her flvemonth~old subjecta looked significantly more at movies
in which a female adult moved her face than in movies in waich
the adult held the face and head motlonlesse Several studies
(Ahrens, 1954; Ambrosme, 1961 Spitz, 1046; Wolff, 1963) have
noted that more smilling is elicited from infants than when the
head and face are motionless. The earliest reports of smiling
at a moving but silent human face are by Wolff (1963), who noted
this during the fourth and fifth weeks of life in his sample of
four gsubjects. I¥ is possidble that the use of the visual



n

fization response rather than the smiling response might allow
future investigators to find an even younger interest in move
ing faces.

To this authorts kmowledge, there lg only one study
in the literature which attempts a developmental investigation
of the threshold for movement perceptions Carpenter and Care
penter (1958) taught two children, ages 8l and 101 months
respectively, and two chimpanzeesz, ages 36 and 39 months, to
presg a window in front of whichever of two ldentlieal striped
paper belts was moving. Using operant technlques, the children
were reinforced with pennies and the chimps were reinforced
with milk whenever they pressed the correct windows Incorrect
responses, l.¢s, pushing the window in front of the non-moving
belt, were punished by turning the room lights off for ten
secondse. After initial diserimination trazining, a paper drive

crammed to give a conbimious series of two-second inter-

vals. Hovement occurred in only thirty percent of these intere
vals, and its presentation was alternated in an irregular series
with intervals during which movement was not present. Not more
than four movement intervals occurred consecutivelys when the
subject's performance became stabllized at a particular rate

of movement, the rate was decreased in a modified methodwof'e
limite procedure. Chance level of correct responses was thirty
percent, and the threshold was defined as that speed which pro-
duced a point halfway between chance and errorless performance,

or 65 percent correct responses.
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The results showed the children and the chimps to be
approximately equal to each other in performance on this taslk.
In both species, the older subjects had a considerably lower
threshold than did the youngers In comparing the performance
of the children and the chimps to that of two human adulte run
in the same apparatus, both were markedly inferiors UWhereas

the thresholds of the adults were between 10' and 17' per

second, a range comparable to movement thresholds obtalned by
other methods, the thresholds of the chinmps and the children
ranged from 27' to 1°42' per second. Carpenter and Carpenter
concluded from the avallable data that maturational level may
be an important variable in the determination of the threshold
for movement perception. Further developmental studles are
necessary to verify this assumptione.

Prelininary sbudlies by Silfen and Ames (1964) and Ames
and 3ilfen (1965), have shown clear age differences in infants?
attention to moving checkerboard patternse. Using the visual
fization preference method, they presented psivs of stimull in
which ene pattern moved at varying speeds, and the other pate
tern remained stationary. 7They measured the percent total
looking time which was spent looking at the moving stimulus
for five different age groups: 7 weeks, 11 weeks, 16 wesks,

20 weeks, and 24 weeks.

Their date indicate that the disorimination of movement

is present and increases with age. I¢ was found that a
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significant number of 24-weekw-olds showed preference for the
moving stimulus over the non-moving stimulus at all speeds.

A significant number of 20-week-olds end lb-weck-olds showed

a preference for the moving stimulus at the three fastest
speeds, and a significant nunber of lle-week-olds preferred

the moving stimnlus at the two fastest aepeeds. While the 7=
weekwolds showed no significant preference for the moving
stimilus even at the fastest speed, there was an indication
that they were making some form of discrimination of novenment.
An increasing number of 7ewetkw-olds looked longer at the moving
stimulus than at the none-moving stimulus when the speed was at
its fastest setting of 3°3! visual angle per second. This
preference did not appear with angular speeds slower than 22201
per second. These results seen to Aindloate that Infants show
preference for a wider range of specd as they get older.

It is obvious from the preceding studies, that research
on the development of movement perception is somewhat mcattered,
unorganized, and still in 2 very elementary stages Some of the
variables that need te be studied in tracing this development
are the speed ranges to which children are sensitive at different
ages, relative sensitivity to directlion of movement, relative
sensiblvity to different types of movement, and the effect of
texture and detall in the sensitivity to movement.



Stvdies on Complexity

One of the major difflculties in studying any variable
in psychology 1& to find a definition which will be operationally
manageables Several definitions of complexity have recently
appeared in the literature, most of which have been reviewed
in some detall by Hoffett (1963) and Erennan (19685). This
section will conecern itzelf mainly with & summary of the varlous
stimulus characteristics that were found to affect stimulus
complexity.

Complezity has been defined by come as the amount of
variety or diversity in a stimilus pattera (Zerlyne, 1960).
Complexity lnoreasea as the clements of the pattern become ine
creagingly dlssimilar, and also ag the number of distinguishable
elements incregses. In this definition, the emphasis is on the
number of "paychologleal® parts in the stimulus, rather than
the number of physical parto.

Denber and Earl (1957) suggest that complexity can be
defined in terms of change in stimnlations This change can be
brought about through movement in the field or by increase in
ity.
valker (1964) states that complexity is a funection of

spatial heterogeneity or inecongmu

ratterning of etimulus elements. Since pattern iz regarded in

terms of relatlionz betwsen ¢lements, he suggests that information
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theory be used as a basls for constructing stimull of varying
complexity levels. ‘

While several attempts have been nade to define come-
plexity at an operational level, most of them are unsatise
factory for various reasons. Hany definitions are basieally
intuitive and do not lend themselves well to measurement.
Others, such ag Information theory, have not proven to be
satisfactory in spite of the attempt to be precises Let us
now turn to a review of the various studles in which complexity
has been experimentally defined.

Hoffett (1963) has reviewed the various studles con-
ning and
nenmorys. She points out that experimenters such as Ueese (1956),
Fehrer (1935), French (1954), and Attneave (1955) agree that
complexity varies with the number of parts that make up a fige

cerning the influence of complexity on adult lesa

ure. In general, learning and memory studles have ylelded
consistent positive findings only when complexity was defined
in terms of the numbsr of elements making up the stimuluss Some
of these lnvestlgations indicate that symmetry could also be
used as an index of complexity. The stimumlus characteristic

of nunber of partsz ls easily measurable, since it can be quantie
fied, but the symmetyry charscteristic would not be as amenable

to measurement.
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Perlyne (1958a) investigated the effects of complexity
on visual attention in adultse. He presented palrs of stimulus
figures simultaneously to adult subjeets, and recorded the
length of time spent fixating each member of a pair, as well
a8 which stimulus was fixated first. He grouped stimull in
six categories, each of which was meant to represent a dif-
ferent aspect of complexitys For each palr within a category,
one stimulus was "more complex" than the others IDerlynets
eix categorles were amount of materlal, irregularity of shape
(symmetry vs. none-symmetry), irregularity of arrangement,
heterogeneity of elements, incongruity (e.z., an elephant's
massive head on a very fragile body), and incongruous jJuxtaw
positlon (gsgss rabbitts head forming the front part of an
automoblle) .

The major contribution of this study was Eerlyne's
attenmpt at making operational definitions of complexity. =
Several of the indices he used have been mentioned previously
though his last two categories, incongrulty and ineongruous
Juxtaposition, seem to be hls own creation.

Several researchers, in an attempt to be more precise,
claim that complexity can be concelved of sas a function of
the information contailned in & figure. Attneave (1957), how=
ever, found that there was no direct relationshlp between the
amount of information contained in a stimulus and adults?
Judgments of the complexity of the stimulus.
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The experimental results so far seem to indlcate
that the only definitions of complexity that have ylelded
consistent positive findings are those that consider the num-
ber of elements making up the stimulus. Attempts llke Attneave's
to find sophisticated definitions of complexity have, to the

present, not been sueccessful.

& survey of the literature reveals & growlng body of
information on the developmental approach to complexity. An
ezxcellent review of the developmental studies on complexity
may be found in Eremnan (1965)« In this section, the author
will merely summarize the studies which were reviswed in some
detall by Erennans

Cantor (1963), in reviewing studiez on the visual
attention of children to complex stimuli, found the same probe
lem that exists in edult studlies on complexity, namely that
" ses there appears to be a serious need for intensive study
of a few relatively simple and rigorously delimited stimulus
properties which hopefully will supplant the vague notions of
fcomplexity® which are currently prevalent." (p. 21)s Erone
nan (1965) pointed out that in studles on chlldren, most desige
nations of stimulue complexity levels have been either post hoe
or g priori, based on intuition.
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In studying the effect of medication during labor on
sttention in newborn infents, Stechler (1964) presented each
of three stimall, 2 pilcture of a face, a die with three dots,
and a blank eard, three times for one minute in a single stimu--
lus procedures. In terms of the average total fixatlon time
for each stimulus, the order of decremeing preference for the
three stimull was face, dle, and blanke In searching for an
explanation of the results obtained, Stechler examined his
stimuli and declded that they differed in complexity, the face
belng more complex than the die, and the die being more com=
plex than the blanke. He then gave a pogt hoc explanation of
the results of his experiment in terms of the complexity of

the stimull used. However, nowhere in the study did he offer
a definition of complexity.

48 a ploneer in the fleld of visual attention in ine
fants, Fantz was mainly concerned with showing that consistent
visual preferences for certain stimuli were present in new=
vorns and older humen infantse. In three separate studies
(1958, 1961, and 1963) he recorded fixation times for pairs of
stimull presented to infants of different agess He used such
stimull as checkerboards, horizontal stripes, bull!s-eyes,
faces, newsprint, etc. Fantz apparently ranked these stimuli
ae to the amount of form or pattern they possessed, but was
not explicit about any independent grounds for classifying
these stimuli. Fantz proposed that visual patterning is
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intrinsically stimulating, and that 1t elleits much more
visual attention from birth than do color and brighiness
alone. Selectivity of attentlon, in generel, favors nore
complex patterns, though thia iz dependent on pattern 4if-
ferences and the age of the subjectse

Several studles have made intuitive g priorl deosignae
tionz of the order of complexity« Lewls, Meyers, and Lagan
(1963) presented moving and blinking lights to 2U-weekeold
infantss Thege stlmaull could be interpreted as possessing
form, number of elements, and movement, all of which could be
concelved of =s contributing to complexitys However, the €Xe
perinenters did not give thelr reasons for assuning that the
stimuli differed in complexity, and their ordering must be
classified as intultive.

Berlyne (1958%t) performed an experiment to test the
effects of glbedo and complexity 1ln visuzl fizastion in the
human infant. His flgures, differing in degree of complexity,
were made up of equal areas of black and white but were very
different iln form from each other. Ierlyne explailned the re-
gultz he obtained by saying that the patternz that attracted
first fixations significantly more often had more contour,
and that this acecounted for thelr high attentlon wvalue. How-
ever, contour was not the only attribute on which the stimall
differeds They also varied ez to the number of parts they
. possessed, the number of black and white alternations, and the
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nunber of independent angles contained in thems The results
could be explained in terms of any one or all of these at-
tributes.

Another method of ordering stimull in terms of comw
plexity is to use sdult ratingse Thomas (1965) designated the
rank order of complexity by means of ratings given his stimull
by college students, ' The indices which the adults used as
bases for thelr judgments were not specifled in thls study.
Hoffett (1963) demonstrated that there is sometimes vexry little
agreement between adults' Judgments of complexity and infants?
visual fixation on the same stimli, suggesting that adult
ratings on thls dimension should be used with care in attempte
ing to evaluate the results in infent atudies.

A few experimenters have attempted to give g priori
ordering to thelr stimuli in terms of explicit definitions of
complexity. Hershenson, Munsinger, and Kessen (1965) ordered
gtimull in terms of the number of angles they contained. They

noted that, 1f one defineg complexity as the number of lighte
dark transitions in & stimulus, the complezity level increases
as the number of angles increases. Hoffett (1963) used stimull
composed of cross-hatched black lines on a white background,
and systemstiocelly varied complexity by independently changing
the number of parts and the number of lines. 3&he found that
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the number of parts into which the area was divided was more
important as an index of complexity then was the number of
lines,

Spears (1964) used five series of four stimuli, each
presented in a palred comparison procedure. He gquantified
precisely each of the stimulil along three complexity dinenw
sionss amount of contour along transition boundaries of colored
and white areass the number of independent angles, and the de-
gree of symmetry. He found that contour seemed to be the most
important variable in determining the infant's visual preferm
ence, with symmetry apparently playing no role. EHershenson
(1964) and Lrennan, Ames, and Moore (1966) used checkerboard
squares as stlmull, quantifying the complexity of each design
in terms of the number of parts comprising it« In these cases,
the complexity of the stimulus increased as the number of
light-dark transitions inoreased.

Karmel (1966) recently sttempted to delineatec some of
the physleal properties of the stimulus which cen determine
pattern preference behaviore Using black and white squares,
he independently varied amount of contour, element size, and
element arrangement. He found, in general, that preferences
were related to amount of contour (which is based on the number
of elements) rather than degree of redundancy (which 18 based

on configuration or arrangement)s Infants'! preferences for

greater amounts of contour reversed to preferences for lesser
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amounts of contour when the threshold of acuitly was approached.
Karmel concluded that 1f complexity can be defined solely by
the amount of contour in a pattern, then "complexity" becomes
a superfluous concept. wWhile thiz nay be true, the two terms
are still interchangeable when speaking of redundant patterms
such as checkerboards, for the amount of contour is directly
related to the number of parts in the stimulus arrays
One major advantage of these studlez over those enw

ploying intuitively chosen stimuli, is that the use of explieit
definitiones of complexity ensbles experimenters to compare reée
sults obtained from several different studies In which the same
stimulus dimensions are manipulated. However, with the existe
ing diversity of definitions, it becomes almost impossible to
generalize the results from one experiment to another.

Lewis, gt gl (1963), Berlyne (1958b), Spears (1964),
and Moffett (1963) all found that a definlte preference was
shown in infants for the most complex stimuli of the respective
geries presented. If one consldered only the results of these
studlies, it would be reasonable to coneclude that all infants,
in the age range from two to nine months, prefer mors complex
stimlli. However, there is recent evidence to indicate that

this is not the case.
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Hershenson, gt al. (1965) presented newborns with three
stimull, which contained 5, 10, and 20 anglee respectivelys
The greatest attention was pald to the stimulus of intermediate
complexity (ten turne), with the most complex stimulus (twenty
turns) being preferred second. Further evidence that the
most complex stimulus is not always preferred is offered in
another study by Hershenson (1964), in which he presented three
stimuli composed of blaek and white checkerboard squares to
newborns. The three checkerboards contained 2 x 2, & x &4,
and 12 x 12 squares respectively, Hershenson found that the
least complexz stimulus was the most preferred, and that the
order of preference exhibited for the stimull was in decrease
ing order of their complexitys

Thomas (1965) performed the first experiment in which
there was a deliberate attempt to test age differences in the
level of stimulus complexity preferred by infants. His stimull
were, in order of increasing complexity., stripes, a checkerw
board, a face and a figure. His data indlcated that as the
infant grows older, there is a tendency for him to prefer more
complex visual stimuli. However, certain criticisms may be
offered regarding this experiment. Namely, that the stimull
he used varlied slong several dimensions simultaneously, making

it difficult to ascertain yhich of the dimensions was contribue

ting to the results. In addition, he used adult judgments o
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order the complexity of the stimuli which, as mentioned pre-
viously, iz not always a wlse pwueedﬁra.

Brennan, Ames, and Moore (1966), in an attempt to
clarify the findinge reparding the effect of age on infant
preferences for complexity, presented three black and white
checkerboard patterns, consisting respectively of 2 x 2, 8 x 8,
and 24 x 24 aquares, to infants 3 weeks, 8 weeks, and 14 weeks
of age. Thelr findings indicated that 3-week-0ld infants
preferred the patterns in decreasing order of complexity,
the B-week-0ld group preferred the pattern of intermediate
complexity (8 z 8) most, and the li.weekeold group preferred
the patterns in increasing order of complexity.

The results of these preceding studles can be oxplalined
by Dember and Farl's Y"pacer® theorys Dember and Earl (1957)
have proposed that attention may be arcused by both temporal
and spatlal changes in stimulation. They define stimulus
change in terms of Ycomplexlity", which refers to the amount
of varlety or diversity in a stimulus pattern. They point out
that any stimulus may have a different measure of complexity
on each of 1ts attributes, implying that one could increase
the complexity of a stimulus along one attribute, while keepe
ing other attributes constant.

In addition, Dember and Earl propose that attention
1s a furietion not only of stimulus complexity, but also the
psychological complexity of the individual, which changes with
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experience. An individual supposedly has an ideal complexity
value on each stimilus attribute which corresponds to hils
abllity to interpret information on that attribute. These
complexity values may change independently of one anothex.

For example, an individual's ideal complexity value on one
attribute may inorease while his complexity value for another
attribute remsins the same. The ideal psychological complexity
level is characteristic of an individual at a given time with
reaspect to a specific stimulus attribute.

ihe ideal complexity levels take on increasing values
with increased experience. Stimuli which are slightly more
complexr than the individualls momentary ideal will serve to
increasse the complexity of the individual. Dember and Zarl
call these "pacer® stimull, snd state that an individual will
attend to a set of stimuli Af the set contains a stimulus that
1s a Y"pacer® for him. "4¥e postulate that under that condition,
the individual will apportion his attention among the stimuli
in the set in proportion to their similarity to the pacer,
with the modal amount of attention epplied to the pascer."

(pe 95)»

Ag the lndlvidusl has continuous experience with this
set of stimull, his idesl level of complexity will inerease
until the set no longer contains a "pacer®, li:es., the set will
no longer have the abllity to change his level of psychological
complexity. At this time, the set will lose 1ts attentioneelie

citing property.
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Presumably, as long as there are sultable "pacers"
available in the environment, and as long as the individual
can respond freely to all of the avallable stimull, his ideal
complexity level wlll continue to increase to the limlts of
his heredltery endowment.

welker (1964) expande the basie concepts of Dember
and Earl to situations where no event near the optimum coue-
plexity 1= availables If the situation involves complexity
below the optimum, the subject becomes bored and reatless.

The most common behaviors that would result from such a situa-
tion would be a search of the environment for more complex
events, locomotlon to another environment that is more complex,
attenpts to differentiate previously unexplored potential come
plexity in the environment by shifting the attention, or the
advent of self-produced stimulation through daydreanming or
fantasys Any of these devices would serve to increase the
complexity level of the sequence of events that is oeccurring.

The opposite of the above would be a situation in
which the level of complexlity 1ls above optimum. These sltua=-
tlons are usually ones in which the sensory inputs are providing
more information than the individual can process, and may re-
sult elther when the external environment is too complex, or
when the emotlonal system 1s in a highly aroused state. Hee-
actions which are likely to oceur in this Ainstance would be
attempts to narrow the attention to a limited portion of the

stimulus input, locomotion to a less complex clrcumstance, or
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repeated attention to the same stimulus in an attempt to re-
duce the psychological complexity of the situation by organige
ing the very complex stimulation into a smaller number of
fehunks®s Through these various means, the individusl seeks
to maintsin an optimal level of conp
With progressive experience, the individual seeks more and moxe
complex levels of stimulation to keep pace with his own develope
mente

lexity that he can process.

We can see that the resulte found by Thomas (1965) and
Brennan, gt al. (1966) give evidensce to support Dember and
Eaxrl's theory. HNHamely, that as the infant grows older he shows
an increasing preference for more complex visual stimuli. In
these studies, the stimul& that were preferred were presumably
those which were most simlilar in their sets to the "pacexV
stimalus for infents of & given age. Thus, they attraoted more
attention then any of the other stimull used. The relative
preferences given to individual stimulus patterns will obviouely
be a funotion of the particular range of the stimull used. For
example, in the study by Brennan, et gl. (1966), older infants
showed greatest preference for the most complex stimulus pat-
terns used. If stimull of even greater complexity had been
added to the sets, it might have been found that infants would
not have paid greateat attention to the moat complex of the set,
but instead would have directed more attention to that stimulus
which most resembled the "pacer® for thems It would seem that

Dember and Earl offer a theory which lends itself to experimental
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verification, and it is surprising that so few experiments
have been ﬁeaignma to test ite implications.

The scarcity of experiments, at the infant level,
may be attributed to the previous lack of reliable and valid
resecarch methods to test the peroceptusl capablilities of the
very young childs As Be Lo White (1963) pointa out, there is
a great lack of knowledge about perceptual development in the
human infant due to the problem of assessing changes in proe
cesses about which no normative data exists We must develop
procedural designs which will enable us to assess these changes.
We will now twxn to a review of a method which has been applied
to the study of visual perception in infants.

The Visual Fixation Preference lethod in Studies
of Visual Perception in Infants

Gibson and Olum (1960), who give an exoellent review
of current experimental methods for atudying perception in
children, attribute the paucity of normative data in perception
not to weakness in methodology. dut to the general lack of a
trmaly developmental approach to moaptm problems. A Yeview
of the literature would seem to bear this out. However, methodo-
logleal problems do arise when one wishes to study perceptual
developnent in the pre-verbal infant. The psychophysical methods
which can be used with the verbal child cannot be applied satise
factorily to the infant. Instead, "indlcator® responses must
be used which are sufficliently welle-osordinated at birth to be


http:ve:rltloa,S.on

ko

reliable. One of the most widely used of the indicator ree
gponses ig ocular orientation. Nost of the studles using this
measure have emphasized eye movements snd visual attention,
measured by fixation.

HeGinnis (1930) and Ling (1942) both used motlon pleture
recorda to study eye movements during sustained visual fixae
tion and pursult, and eye movements were also used by Chase
(1937) to study color vision in infante. Recent experiments
have employed a method patterned after that used by Staples
(1932) in a study of color discriminations Staples assumed
that if an infant were presented simultaneously with two stimuw
lus patterns, end he looked at one stimulus significantly longer
than at the other, 1t could be toneluded that the infant was
diseriminating between the stimuli. In this method, the stimue
lus is sald to be fixated when its corneal reflection is overw
lapping the pupils of the eyes. The experimenter, observing
the ohild through a small aperture, records the length of time
that each object is fixated. Berlyne (1956a) used a2 modiflcaw
tion of Staples's apparatus to study the effeots of albedo and
complexity on visual fixation in the infant, and Fantz (1958,
1963) and Fantz, Ordy, and Udelf (1962) used a similar method
to study pattern vision.

Hodifications of the same method have been used to study
form perception (Fantz, 1961); complexity and novelty (Fantz,
1963, 1964; Hofrett, 1963y Sasyman, Ames, and Moffett, 1964
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Meyer and Cantor, 1966)1 brightness and complexity (Hershen-
son, 1964); and visual acuity (Fantz and Ordy, 1959), to
nention a fews The visual preference methoed is now being
widely used in research on infant perception, and is the method
employed in the present research.

Developmental Differsnces in Patterns

of Looking Eehavior

The findings of several earlier studles have indicated
that there are distincet differences in patterns of looking bee
havior at different stages of development (Silfen and Ames,
1964y Ames and Silfen, 1965 Stechler, 1965)s These differw
ences in looking behavior are in themselves valuable for demon-
strating the developmental changes that occur in the perceptual
processe The previocusly mentioned studies have shown that
babies less than two months of age tend to hold their fixation
on one stimulus for a long time. Older bables (five months
0ld) tend to engage in a much more active gcanning of the visual
field.: which 1s reflected in the tendency to direct a larger
nunber of shorter fixations to the atimulus patterns. These
age differences are partially attributable to the inability
of the young baby to shift his gaze easily, as a result of side
preferences produced by the tonleceneck reflexs Onoce his attenw
tion is "eaptured® by a stimulus, his gaze remains fixated on
it He 1is, 1n essenoce, a passive viewers As the child nmatures
and gains sufficient miscular control over head and eye
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movements, he engages in a more active search process in
which he “eaptures® the stimuli, rather than being “eaptured
by" thems In addition, the older baby is more easily dis-
tracted by extraneous stimulation, and he spends more time
engaged in a variety of diversive activities which take his
gaze away from the stimulus pattemms.

These different patterns of lookling behavior deserve
attention in future experimentation in order to determine
thelr reliability, and to see if different aspeots of looking
behavior might give fuller information regarding the develop=
ment of visual perception in the human infant.

Purpose of the Present Research

The ecollection of normative data on the perception of
movenent and complexity is potentially important because there
ia evidence that the perception of moving detail may form a
basis for other types of discrimination, specifically the
perception of depth and the development of soclal responsivee
nesss A review of thls evidence follows.

In investigating the development of depth perception in
different animals, Walk and Gibson (1961) employed a simple exe
perimental eet-up oalled the visusl cliffs The oliff was a
simulated one consisting of a board lald across a large sheet
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of heavy glass which was supported a foot or more above the
floor« On one side of the board a shest of patterned material
was placed flush against the underside of the glasa, giving
the glamss the appearsnce of soliditye On the other side a
sheet of the same material was lald on the floor; this side
becoming the visual cliff. Young organisms of several d4ife-
ferent speclies, including human infants, were placed on the
eliffs Most of them responded by moving to the "shallow® side
of the oliff, indloating at least a partial dependence on
visual cues for the perception of depthe

Two visual cues which could have played a deolsive
role in the perception of depth were the size and spacing of
the pattern, which decreased with distance, and the cue of
motion parallax, which caused the pattern elements on the
shallow side to move more rapidly acrosa the field of vision
when the organism moved 1ts position. In subseguent experie
nents, Gibson and Walk isolated the effects of each of these
cues from one another, and found that motion parallax playe an
important part in the depth perception of humaens and other
animale by the time they acquire locomotion. They point out
that anatomical evidence suggests that all animals with eyes
are sensitive to motion perspectives Since only some animals
register the perspective of binooular disparity, there must
be at least a partial utilization of the monooular cue of
motion parallax. Purther evidence for this conclusion was

provided by Walk and Dodge (1962) who found that depth
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-montheold

perception on the visual oliff was present in a ter
monoculay infant.

Thege studies emphasize that the early abllity of
the infant to deteot movement in a textured field could play
an Amportant role in depth perception. Therefore, 1t would
seen worthwhile to ocollect normative data to determine how
the perception of movenment undergoes progressive development
with ages The collection of normative data showing the abllity
to percelve movement at an early age would not prove that lne
eption abllity as a basis for
depth perception, but it would prove that they gould use it

fants do use their movement pera

Walters and Parke (1965) have recently proposed that
the orientation remetion may be the primary foundation for
the infant's soolal developments The modifications of atten=
tion that constitute this reaction bring the infant into frew
quent contaoct with the sooclal agents who provide him with most
of his visual and auditory stimulation. Under normal feeding
and other caretaking conditions, the mothert!s face is frequently
exposed to the child at optimal distances for pattern vision.
Consequently, the infant has many opportunities to observe the
mother's face, which has a large variety of stimulating propere
tiess The face has contour and complexity, and moves almost
constantly, providing stimulus change with every movement.


http:��1mulatl.ns
http:aoraatS.ve
http:pros:reaet.ve

5%

The face is therefore complex and mobile enough to hold the
infent's attention and to provide him with ample opportunity
to develop social responsiveness on a purely perceptual basis.
This viewpoint was first stated strongly by
(1961), who listed the following sdvantages of such a theory:s
it appears to fit the observed faotsy it requires fewer
assumptions than learned drive theoriess 1t provides an ale
ternative to theories which hold that there iz some instinotual
recognition of people as humans; and it can be investigated
experinentally through an analysis of infant responses to
movement, complexity, brightness, contour, etc.
In gupport of this viewpoint, we find evidence by
Spitz (1946) that movement of all or parts of the face is suf-
flolent to evoke a smile from the infant. Smiling has frequente
1y been employed as an index of social responsiveness. Wolff
(1963) indlcated that the human head was effective for eliciting
spiles in the fourth and fifth weeks of age only Af it was in
movenent or where there was eye~toe-eye contact between infant
and observers Ahrens (1954 a,b) and Ambrose (1961) have also
emphasized the importance of mov
It would seem from thia evidence that movement is a potent de~
terninant in the development of soolal attachment. It is
therefore surprising to find that no systematio study has ever
been undertaken to determine sensitivity to or preference for
movement in the human infant.

pment and eye~to-eye contacte
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In addition to the possibility that the perception of
movenent might contridute cues to the previously mentioned
types of discrimination, it might also be used to test Dember
and Earl's pacer theory. Dember and Earl (1957) and Rhelngold
(1961) consider movement to be a dimension of complexity, as
it involvez both temporal and spatial changes in stimulation.
Therefore, if inoreasing movement otecurs in a visual fleld,
the complexity of the field should be inoreaseds In the same
manner, an inereasing number of parts in the visual fleld, in
terms of textural detall, will also increase its complexity.
If we inoremse both of these dimensions simultaneously, then
presumably we produce a stimalus field which 1s of greater com-
Plexity than one produced by manipulating either dimension
alone« If we add this to the premise that the ideal complexity
of the child Increasses with age, then we can predict thatl
there will be some combination of texture and movement that
will represent a celling of complexity beyond whioh the child
will no longer be amttracteds This ceiling, or pacer, should
be reached at lower levels of complexity by younger childrens

A stimulus pattern which lends itself well to the
simultaneous manipulation of both of these dimensions is the
checkerboarde As discussed in Ames and Silfen (1965), "Not
only have checkerboards been used widely in infant fixzation

studiea, but they allow the easy control of keeping black and
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white areas equal while breaking up the total area into more
and more parts « « +» definitions of complexlity in terms of
number of turns, number of parts or amount of contour do not
contradlet each others Finally, adult judgments of complexity
are clear, and sgree with these physical definitlons in calling
most ocomplex that checkerboard with the largest number of
squares in it." (p« 5e)

Freliminary work on movement perception (Ames and
Silfen, 1965) has demonstrated that a moving checkerboard
tern is effective in eliciting attention in the infant. Its
textured field is very similar to those used in early experie
ments on movement perception (Brown, 1931 a,b), and permits

one to vary speed of movement, the size of the squares, or
boths

In the research to be presented in this thesis, B-week-
old, lé-week~old, and 24-weekeold infants are presented with
moving checkerboard stimuli, and thelr visual flzations of
these stimull recorded. Independent variables are age, speed
of movement, and complexity of the checkerboard« The research
was designed to test the following hypotheses:
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mgh infante? rosponse to stimmins movenent ha
been hypothesized by others to be present and to form &
for discrimination for depth (Walk snd Gibeoon, 1961; Walk and
Dodge, 1962) or for the development of soelal responsivencss
(Bheingold, 1961; Walters and Parke, 1963), there are at present
few data available on the effect of speed of movement on infan

baels

recponses. Studles compare movement with no movement (gef,

Horgan, 1965):; but no age noymative date on responses o dife
ferent speeds of movement are avallable for childyen younger
than six years old (Carpenter and Carpenter, 1958).

chown that the older the infant, the more complex %&@ shoohare
board he fizates most.

funetions relating stimulus complexity to sge. Using Dember
and Zarlis terminolegy (1957), if sll the stimuli presentod
are abo

wve the infantts pacer level, then the more complex the
stimulus, the less it will be looked ate If some of the eblmull
are above and some below the pacer level, then looking will ine
eresse with complexity up te the pacer and then deersase with
farther increases in complexity: Fimally, if all stim
below the infent's pacer level, then increases im complexmity

nll are

produse inoreased looking.
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It is the latter case whioch is hypothesized to hold
in the present researche The hypothesis ls based on the re-
sults found by Brennan, Ames, and Moore (1966), using sta=
tionary cheokerboardss They found that Seweek-old infants
looked most at a checkerboard composed of 3/4 inch squares and
significantly less at either more complex (1/4 inch squares)
or less complex (3 inch squares) checkerboards. In the present

mplex level of checkerboard used is come

posed of 3/4 ineh squaves, and the youngest group of infants
nsed is eight weeks olds Thus it appears that all the stimull
are at oy below the presumed paceyr level of even the youngest
group of infants. G&Elnce wiﬁh increasing complexity within the
range ueed the stimalus will more closely approximate the pacer

level, it is hypothesized that the more complex the stimulus,
the more 1t will be fizated.

predleted intergction between speed and complexiby
ie based on the work dome with adults by Je Fe Brown (1931a).
in waleh he found that movement in & fleld of smell objects
fagter than it was in a field
of equal sige in which the cbjects were large

One possible interfervence with the applicability of
this hypotheeis must be notede If a) as suggested by Dember
and Eerl (1957), movement and textural complexity are both

was peyeeived as phenomenally
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regarded as components of some overall "stimulus complexity",
and b) an addition or multiplicative interaction is assumed
between them, and ¢) infants' responses are determined by the
resultant overall complexity level, then it 18 possible that
the total complexity presented might exceed the pacer level

of the infants, especially of the younger infants. If this
were 80, one would hypothesize that when stimull were simule
taneously at high speeds and high levels of textural complexity,
younger infants' looking would be less that what it was at
lower levels of speed-complexity combination.

However, although Dember and Earl (1957) talk of both
novement and textural complexity as being particular forms of
"eomplexity", they have not specified the results to be exw
peaaed when two separate components are combined, and 1t does
not appear that experiments have been done to test this point.
Therefore, for the time being, a simpler hypothesis ls accepted
for investigation.

This hypothesis is based on previous work by Silfen
and Ames (1964) and Ames and Silfen (1965)« The present researoch,
bealdes serving as an attempted replisation of their findings,
explores the implications of the different looking patterns for
legitimete comparison of different age groups presented with

the same stimull., If infants leok in different ways at different
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ages, what measure of looking behavior can be used to compare
groups with one another?



Subjects

Infant subjeots were obtained for the experiment fyrom
two sourceas., Notices were sent out %o all parents in the
Hamilton, Ont, area who anmmounced the birth of their baby in
the losal evening newspaper. Further notices were placed in
Vanoouver, B.C. hospitale. In response to notices, parents
phoned to voluntaer their babies for the experiment. Each
subject who came to the laboratory was given §2.00 whether
or not he oompleted the experimen The only
basis of subjeoct selection was sge, and infents were discarded
during the experimental session only if they 4id not complete
the stimulus series bacause of orying or falling ssleep.

A total of 96 subjects were run in the experimen
Thirty-two subjects were run in each of three age grou 8
weeks, 16 weeks, and 24 weeks of age, Subjeots within an age

ged in age between one wesk younger and one week
older than the aze used for labeling the group. Within each
age group elght subjeots were ssaigned randomly to each of

© " four groups presented with different levels of stimulus conm-
Plexity.

An additional 79 subjests were run but discarded fron
é1
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the data analysis because of fallure to complete the experi-
nental aeries. Host of the discarded subjects were from the
oldest age group, and the cause of their failure to complete
the series was orying snd protest at having to lie supine.
Data from 48F% (N=30) of the Seweekeolds run, 20% (NeB) of the
16-week-olde run, and 57% (N-42) of the Zi-week-olds run were
discarded,

Apparatus

The apparatus consisted of a wooden chamber 28 inches
x 274 inches x 23 inches which enclosed & mobil orib 29% inches
long and 16 inches wide. Both the orib snd chamber were mounted
on & steel framework on wheels. One side of the chamber was
pen so that the orib could be rolled underneath it on a
straight track along the midline of the box. The base of the
oridb was uniforaly concave along its length and prevented gross
body movemesnts, A soft pillow served as a mattress and for the
younger infants sponge pillows were placed st the sides of the
head to prevent excessive head movensnts. The ohildts field
of vision was restricted to the inside of the chamber, which
was covered by navy blue falt, or to the blank eream-colored
wall exposed by the open end of the box. Illumination was pro-
vided from below the infant's flield of view by two 60W bulbs,
Just behind and to the left and right of his head.

& $-inch peephole was oentered in the chamber ceiling




,@3

18 inches above the infant's head. Jentered 18 inches to the
right and left of the peephole were two belts which could be
individually moved at differsnt speeds. EZach belt presented
a flat viewing area of 12 inches x 9 inches to the infant,
The belts ran on rubber rollers attsched to the shamber celling
and were driven by two Lafayette Coleor Hixer Motors, No. 2044,
ble range capacity from 0-4000 R.P.H. Speed was
controlled by manually adjusted dial rezulators., Two wooden
hinged covers kept the upper view of the belts hidden from
xoerine: pindow blind, covered with navy blue
felt, was aﬁﬁwﬁaeﬁ 4% inches below the celiling of the chamber
and could be drawn herizontally across the chamber from botton
to top of the infantt's flsld of vision. Hesponses were re-
corded on a Bustrak Nodel 92 four-channel event recorder
moving &t & speed of 1.2 mm per second. Two channels of the
recorder wers activated independently by two buttons attached
to the top of the chamber.

Stimull

The stinull were four pairs of endless belts made of
white sallcloth, pasinted with black and white cheokerboard
designa. For Complexity Level 1, the checkerboard desizn
consisted of 4% inch squares, half of them black and half of
them white. Level 2 was a design composed of 3 inch black
and white sgquares. Level 3 consisted of a checkerboard




compoged of 13 inoh squares, snd Level 4 conalsted of a
Each level of

resented o one group of subjeocts from each
of the three age levels.

Progedure

All infants were brought to the laboratory by one
both of their parents. ihen the child was awske and in good
hupor he was placed in the sradle by his mother (or father)
who remained in the room bubt out of the infant's fleld of
vision. The orib was then pushed into the chanber to a posie
tion in whiech the infant's head was directly below the point
at whioh the stimuli were to appear. The blind was already
drawn and the stimulus patterns were not visible o the in-
fant.

The experimsnter stood behind the apparatus at the
head of the infant. He releassd the blind halfway so that
the infant could be seen through a 4 inch observation hole
gut in the blind. When the infant was locking wp at the
center of the ceiling the blind was released the rest of the
way, aotivating the recorder and a timer, The stimulus pate
ternas were reflected on the corneas of the infant's eyes.
When the eyes were directed towards a stimulus pattern the
image of the pattern overlapped the pupll, as viewed through
the observation hole. This overlap of vefleoted image and
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pupil was the oriterion of fixation. While observing the
subjeot through the obgervation hole, the experimenter re-
corded the length of time of sach fixation on each stimulus
by pressing one of the buttons on the top of the chamber.
The left button corresponded to the left stimulus, and the
right button to the right stimulus,.

At the end of 30 seconds a buzzer in the timer scunded
and the experimenter drew the blind, which stopped vhe timer
and mem@@ The stimulus velooity was then chenged in pre-
paration for the next trial and the infant was quieted or
roused if this was nacessary. The intertrial interval was

roximately ten seconds, although this veried depend! zas on
the disposition of the infant.

A modified method of limits was used in the atimulus
preasentation. During each 30 second trial one atimulus re-
mained stationary while the other moved from top to hottom
of the visual field., The trial series started with the left
atinulus moving at the fastest speed, oontinued with it moving
slower on each successive trial until both stimuli were sta-
tionary, after which the right stinmulus moved faster on each
succeasive trial. Then the entire seriss was mun in reverse
order, for s total of 18 trials. The same speed settings were
used for sach of the four levels of complexity. Taeble 1 shows
the order of stimulus presentation, with angular speed for
each setting, ‘
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Table 1

Stimulus Preaentation Order Showing Trial Number and
Speed of lovenent, Doth in Inches Per Second and Degrees
of Visuval Angle Per Second

2.5 In./s80. (6°591) Stationary
1.9 In./sec. {5°22') Statlionaxy
1.1 InJ/sec. (3°3°') Stationary
o4 In./sec. (1912%) Stationary
Stationary Stationary
Stationary &t In./sec.
Stationary 1.1 iIn./sec.
Stationary 1.9 in./seoc,
Stationary 2.5 Ins/sec.
Stationary 2.5 In./sec.
Stationary 1.9 In./sec.
Btationary 1,1 In./sec.
Stationary &4 In,/sec.
Stationary Stationary

o4 In./sec, Stationary

1.1 In./sec. Stationary
1.9 In./sec. Stationary
245 Ine/sec. Stationary

1
2
3
4
5
6
7
8
9
10
i1
12

a5 &a& F &
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Interobserver Reliability

In the testing of two of the Beweek-olds, seven of
the lé~week-olds, and two of the 2i-~week-olds, two observers
were used. One observed the infant's eyes through the usual
obgervation hole directly above the infant's head, and the
through a hole situated 74 inches in front of
the rirst hole. Thus, the second observation hole waz above
the senter of the child's body and the second observer had to
observe the chlld's eyes from an angle., As each observer
operated two recording buttons on his reapective side of the
apparatus top, two independent resordings of the infant's
fixations were obtained.

An Anter-gbgerver agreement gocore was oaloulated for
eash subject by sounting the number of seconds per 30 second
trisl during which the observers agreed, that is, all tinme
except that during which one cbserver recorded a fixation on
one stimulus while the other observer elther recorded a fixa~
tion on the other stimulus, or recorded no fixation at all.
The scores were totalled over the number of trials for each
subjeot and converted to percentage of total stimulus presenw
tation time, |

The medlan inter-cbserver agreement over the eleven
subjects waz 515, For one subject agreement was only 77%,
but agreement for the other ten ranged betwsen 84X and $5%.
made by the second observer were not made from

As cbgervations



http:napeosl.ft

68

a central position over the infant's head, 1t was sometimes
difficult for him to determine when the stimulus reflection
was overlapping the pupll of the eye, Had he not been making
obaservations under these dissdvantageous conditions, one would
have expsoted the inter-observer agresment to be even higher
that it was.

Control for Sound snd Vibration

iotors were mounted on metal stands resting directly
on the floor, so that they were connectsd to the viewing
chanmber only by the plastic drive belts sttaching them to the
rubber rollers which moved the stimulus belts. Howsver, the
logioal possibility of the infants responding to cues of
vibration or of sound remalned, espselally at the higher speeds
when the motors produced a whir audible to the experiment
Therefors, control trials for sound and vibration were run,
using the same speeds that were utilized for the major experi»
nent,

The sxperimental provedure was the same as outlined in
the general procedurs sbove. In the sontrol trials, both
stimilus belts were shielded from the subject's view by sta-
tionary checkerboard designs palnted on white cardboard, placed
Just below the belts in the chauder ceiling. The chesker
wards were ldentical to the patterns presented by non-moving
belts on Complexity Level 3 (oomposed of 1} inch squares).
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were identical to that
reported in the maln experiment. The motors moved the belts
at different speeds, but the belis were hidden from view by
the stationary patterns, An additionsl eleven lé-wesk-pld
infants were used as control subjents.

Otherwise, the apparatus and procedure



Results for Control Trials

Eleven lé-week-gld infants were used to test for the
possible effeot of motor noise and vibration on looking bew
havior, while viewing statlonary stimulus patterns with motor
noise present, The results of these data are summarized in
Table 2, Figuve 1 represents the data graphically, showing
the total time spent looking at the stimulus pattern on the
side where the motor sound was located, 4n analysis of
varianse, repreésented in Table 3, reveals no significant
offects of nolse or vibration upon the infanta' looking time.

In order to sssess the relative attention-arcusing
properties of the four levels of complexity without the addie
tion of movement to the field, an analysis was made of the
two trials in the regular experimental series during whioh
both checkerboard stationary. These data
are sumnarized in Table 4, and presented graphioally in
Figure 2. A two-way analysis of variance (Tabls 5) indicates
significant main effects of age and complexity. A Tukey test
70

patterns remsined
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Table 2

Sumpary of Sound Control Trials, Showing Total Time

Spent Looking at the Stimulus Pattemrn Located on the

Seme 5ide as the Hotor Noise. Looking Time 1ls Averaged
Over Subjects

22, 33 22 w@ﬁ 3“»?@ @%v 3@
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a0+
30+

20

TOTAL LOOKING TIME
(IN SECONDS)

L i
T T

4 11 1.9 25
SPEED

(INCHES/SECOND)
Fige. 1. S8Sound control data, showing total time spent
looking at the stimulus pattern located on the same side as the

motor noise. Looking time averaged over subjects.



fable 3

Summery Table of Analysis of Varianse for Sound Control
Prials

Between subjects 2395.19 10
Within subjects 968,99 33
Gpecds 56496 3 18.99 -
Aesidual 912403 50 90 40

73



Table &

Total Time Spent Looking
Stationary.

1 , i 2 4

8 weeks  29.63 44,61 43,51 47.87 51,40
16 weeks 19.64 34%.18 38.71 29.35 ‘ 30.47
24 weeks  15.78 17.32 22.29 20.61 19.00

for Eao 21.68 32.04 34.85 32.61
Complexity

)



- - 8 WEEKS
———————— 16 WEEKS

om0 24 WEEKS

100+

20+

sot

70+

60T

501

TOTAL LOOKING TIME
(IN SECONDS)

40+

30T

204

104

N
o
»

COMPLEXITY LEVEL

Fizs 2. Total time spent looking at stimulus patterns
during trials in regular experimental series when both checker-
board patterns remsined stationary. Looking time reocorded for
8eweek-0ld, l6-weok«old, and 24-week-old infants, averaged
over subjects.
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(Byan, 1959) shows significant differences in looking time
for comparisons made between all age groups, indiocabting that
the Beweek-old group looks significantly more than the 16~
wask~0ld and 24-~wesk-old groups, and that the lé-wesk-old
group looks significently more than the 2i-~week-old grou;

(all p's less than .01). The significance of the complexity
faotor indicates that, taken over all ages, there were changes
in total looking time for differsnt levels of complexity. A
Tukey test indiocates that Level 1 was looked at less than all
higher levels of complexity (p's less than ,01), but Levels

2, 3, and & were not significantly different from each other.
The interaction betwesn age and complexity was not significsnt.

Besulte for Total Looking Time and Peroent Looking 7

The results of the present study were derived from two
response measures, total looking time at the moving stimulum,
and percent looking time at the moving stimulus., Total locking
time is defined as the botal amount of time ppent fixating the
moving stimulus aversged over subjests, Peroent looking time
is defined as the proportion of total looking time &t both
moving and non-poving stimuli that was devoted to fixation of
the moving stimulus. In other words, percent looking time
gives a comparison of the relative amount of looking time de-
voted to the moving stimulus, as compared to the non-moving
stimulug,.
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Yokle 6 shows the total time opent leoking ot the
woving ptimlue over four different speeds ab each of The
four levols of complexity, by the Seweelkwold, 16=weelkeold,
and 2limycckeold infanbss The some dabts ave pre:
eally. mure 3»  Toble 7 prosents o svmmery
emalysie of variamee of totel looking time ot the meving s
lus for oach age group ch specd and level of complexity.
The vhree main offects were significont, as was the interaction
ge ond speeds In owder to explove the nature of the
sigaificent differonces, an anslysis of lincar trend was perw
ozmed on the data (Table 8)s Bven thoush true scale values
ggy ﬁmuggamagy'waxa am@k

The age effect &wgm 3%} is due %0 n decvense in total
i@@i&m@ Bime with inewe

7

Mimi@e that the 8e
wackeolds amd the lé-weekwolds loolk a@ the moving stimulus

&iff@wm m:@ zeros Tukey a

3. &m&m m@ m@@« {196 ﬂg} state thats when equal inteys
vals ave m&&m@@. *&:@ a nonotonic dimension whose true seale
values gpe unlmwouns the essigned values will @m&&% at
least +60 mm the true seole voluess

1
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Table 6

at Pour Different Speeds over Four lLevels
Averaged over Subjects

Total Time Spent Looking at Stimulus Hoving
omplexity by 8 Week-old, 16 isek-old, and 24 Weekw-old Infant

Hean Total
wnkmg Time

8 weeks 38.39 45.64 53.66 FHI7 44,18 50.31 60.76 7i.96
16 weeks 30.33 L4.68 4641 60.24 36.16 51.31 70.31 78.34
24 weeks 20.80 36.09 U45.87 53.06 28.11 46.23 51.13 S7.42

49,98 62.56 36.15 W9.28 60.73 69.24

8 weeks ﬁﬁﬁ 5?‘{33 é:is% 67.81 47.04 561&3 ?g,gg 81.31 58.%1%
16 weeks 43.68 57.7% 83.1% 89.76 31L.85 49,41 61.63 75.9% 56.93
24 wesks 25.99 36,88 542,04 50,48 29.70 36.75 62.45 64,36 43,77
Time

Stimulus  H0.08 350.55 62.88 69.35 36.20 47.77 67.98 73.87

64




8 WEEK-OLDS
———————— + 16 WEEK-0LDS

O———————0 24 WEEK-OLDS

COMPLEXITY COMPLEXITY COMPLEXITY COMPLEXITY
LEVEL | LEVEL 2 LEVEL 3 LEVEL 4
1004
90 -1 F T T *
/ ”
80+ /
/
4 1 /

w 70 /
= /
= i .
o2 80 y Z
g3 L
gy sot t =7
9 7
=
a5  40¢
&
e 304

20 J s

‘O'T T 1+
4 19 25 4 1l o 25 4 X o 25 4 1l 9 25

SPEED OF MOVEMENT
(INCHES/SECOND)

Fige 3+ Total time spent looking at the moving stimulus at each of the fowr
levels of complexity, by S-weekwold, lé~weekeold, and 24e-weekeold infants, Looking .
time averaged over subjests. ‘
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100+
20+
80+
70+
60+

SOT

TOTAL LOOKING TIME
(IN SECONDS)

4041

304

201

8 16 24
AGE
(IN WEEKS)

Figs 4. The effect of age on total looking time at
the moving stimulus, averaged over all levels of somplexity,
all speeds of movement, and subjects.
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signiflcontly longer thon do the 2h-weckeolds (p*s less then
+01), tut thot thewe ie mo siguificent diffevence bobween the
1@@2@%@ time of the Beweokwolds omd the Lésweckeolds.® -

The complexity effect (Pigure §) indicabes thats o8

complezity Lo increaseds total looking time also incroases.

The lincar anslysic indlcates thet the slope of this effect

is eignificautly different fron mBeroe« Tukey comparisons falled
o reveal any significent diffevences bhetween Miﬁ&m@ pairs
of complemity leyeless Howsver, the dlfferences betwesn Level 1
end Lovel & 414 approach significance ot the «05 lovel.

The epeed effoct (TFiguye 6) shows o generel incwesse
in looking time o8 cpeed of movement is increaseds The lineaw
anslysis indlestes that the slope of thiz effeet ie cisnifis
eantly diffepent from zero. Tuley tests indicabte that thewe
are sigmificont differences in looking time bobucen all come
parisons of speed levels {21l p¥e less thon »01)s

The interaction betueen ase and speed is represented
in Pigure ¥+ The linesy tremd anslyeis shous thet the signle
fieant Internction betuween age and spoed can be attributable
to differenccs in the slope of Che best-Titting stralght lines

over levels of speeds 4n anslysis comporing linear trendin of

{3@9 3 varms thab, mmﬁ using mony levels of the
@m@@mmma& varialile, one increoses the m&b@@mﬁ.w mf fmm@
sone erronecusly significant vesults, so that Tukey compox

made in o 3%@%%@ mawsis of varianse should @mbamy m m&
terpreted ag yiclding o hizher @msa vobe thon 2.&; mmwaﬁ in
the gignificance lovel.

%ﬁ e
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1004
90+
8ot
70+
60+

504 /—4

40+

TOTAL LOOKING TIME
(IN SECONDS)

30+

201+

1 2 3 4

COMPLEXITY LEVEL

Fig. 5. The effect of complexity on total looking
tine at the moving stimulus, averaged over all ages, speeds
of movement, and subjects.
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|oo-L
so+t
8ot
704
60+

50+

TOTAL LOOKING TIME
(IN SECONDS)

40+

30+

20+

4 1l 1.9 25

SPEED
(INCHES/SECOND)

Fig. 6., The effect of speed on total looking time
at the moving stimulus, averaged over all ages, levels of
somplexity, and subjects.



8 WEEKS (y=13.9x+ 38.4)
——— e —— * 16 WEEKS (y=19.2x+ 28.6)
o0 24 WEEKS (y=13.6x+ 23.7)

100+
so+
8o+
704
60+

504

TOTAL LOOKING TIME
(IN SECONDS)

40t

30+

201

SPEED
(INCHES/SECOND)

Fig. 7+ The interaction sffect of age and speed on
total looking time at the moving stimulus. Looking time is
averaged over subjects.
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the individual lines shows that the slope of the lG-week-old
group 18 stanificantly greater then the slope of the B-weeke
old group (p less than «025) and that of the 2R-weekwold group
{p less than +025)« The slopes of the Beweekeold and 2l-weeke
old groups are not significantly different from each other.

Table 9 shows the percent looking time directed toward
the moving stimiluss at each speed and level of complexity. by
Swweeckeold, &W&k@m* and 2Weweekeold subjectss These data
ave vepresented graphically in Figure 8+ Table 10 presents a

* ’

3 m@m‘ 6&962) mﬁ. Meyer (1966) discuss the application
of data transformabions in casées where the distribution of
seores departs from the asgumpbions of normality and homogeneity
of variance. In the case of proportion measures,; the scores
have a binomlal distribution mﬁ do not fulfill the a&am@im
of mma&i‘c{ This conditlon can also be accompanied by extreme
heterogeneity of variance over tres

tment p@wlmmm« &a amm
sine transformation is often ap@lieﬁ to proporilion measures in
order to stabilize the withinegroups varisnce and o m&wa the
probability of falsely obtaining a a:i.gii"zmt F m%;im Howw
evers the arc~sine trancsformation stabilizes voriance
when the denominators of proportions are the mm m the
present study, the denominators of the proportions were not
the same since total looking time fluctuated from trial to trial.
Therefore, it was highly probable @m& the distributions of these
scores were not subject to the usual distortions found in proe
portion datas To test this wam chi sguare tests were
used to evalm% the significance af departures of the obbained
distributions from the assumed mmai distributionss The best
- was applied to cach age sample under sgeh experimental condie
tion, as suggested im Neyer (1966, v no cace did the
scores show & significant ﬁema?mm from o m@m distribution.
It wae agsumed, thevefore, that there was no need to employ the
arc-sine trancformation in the present data analysis.
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COMPLEXITY COMPLEXITY COMPLEXITY COMPLEXITY
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Fig., 8. Percent looking time at the moving stimulus at each of the four levels
of complexity, by B-week-old, lé-weekwold, and 24-weekeold infants. Looking time is
averaged over subjects.
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jance of poreent looking
group at each level
somplexity and cach spesds The main effects of ase and
spoed wepe slerificont, ag wos the inteoraction of age x apeed
i the inboraction of aze z complexity = cpeeds In oxder to
fully, on anslye
sic of lincor trend tas performed on the dats {(Table 1l)« The
some verisbles end interactions that weve sigaificant in the
overeall onzlysle of wvariance were found to be significont in
the Lincay trend ansly : :
slope whieh ie eignificontly diffeyent from moro. 4 Tuley test
shows that 2beweclk-olds and z.émwum@ ddvest a ai‘&ﬁmﬁy
greater proportion of their looking ywerd the noving
stimulus then do the G-ueckeolds {pts less tham »01), but thet
the Shewook-olds and the mwﬁ%&w&ﬁ& ave not significontly
different from each others

explore the nabture of these differences nore

The speed effect (Pigure 10

of

significantly different fro 2
slgnificont differences between a1l pairs of :
pYe less than «01).
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Fig. 9« The affect of age on psreent looking time
at the moving stinmulus, averaged over all levels of conme
plexity, all speeds of movement, and subjects.
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Fige 10. The effect of spsed on percent looking time
at the moving stimulus, averaged over all ages, lavals of
complexity, and subjects.



floant interaction might be obtributable bo differences ia
slopee of the besb-fitting straight lines over levels of speeds
Comporicons between individuel lincs show that the slope of the
Lbewecheoldn fo sipnifi ecle) hom thot of the Geueche
olds (p less than *025) and : ghwycelkeolds {p leas
then +05)«  The glopes for the Sewseleolds and the 2hwwechwolds
were not significantly differcat from ench othews

The sismificance of the triple interaction of age = come

3 suve 8) iz comevwhat surpriesi

icvels of complerity {Tablic 12)« Theso anslyses show that the

zroups on Lovel 1 and Level &; tut diffor fron one auothey
on Level 2 @3 less than +001) ond Level 3 (p less thon +005)+
Analyses of Lineay trend performed on Lovel 2 ond Lovel 3 appeay
in Table 13» On L porioons betweon beat«-fitting
bralght lines over epeede show that the slope of the lé-wecke
igalficontly stesper thon thot of the Beuecheolds
{p less them +025)s and ie oloo significantly steoper than
that of the Sheueckeolds {p Lless then «0L)« The slopes of
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20+
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SPEED
(INCHES/SECOND)
Fige. 11« The interaction effect of age and speed on

percent looking time at the moving stimulus. Looking time
is averaged over subjects.
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Table 13

a m ml 3 fﬂr Pox &Nt :i-%‘w

=

ige x Spead {linear)

Speed x Subjects

«73%0
0527

+0099

74.15
5.32

less than .001
less than 025



Table 13 (cont.)

85.79
6.61
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| 4vidual Lines show that the
wnonkeolds Gzﬁ less than mﬁh The slope of the

Discnasion
otal looking time and the percent looking
paures give valuable information ng age dife
ferences in the looking behavier of infants

neasures 1s ampmmmw in some cases, and seeningly
gonant in othorss sanures will be discussed conoure

here 16 a senerel decrease m total looking timo with
inoressed ages This finding 15 in keeping with the results of
earlier studies (Silfen and Ames, 1964y Ames and Silfen, 1965
Steehler, 1965 and Kaymel, 1966}« However, the resulte



http:�&sdft_.ll

ptajried fron percant looking time yeveal that, uhile totel
‘ | —_— w~ﬁ,me&%wmmmt$v

wmmmqﬁfﬁﬁﬂ*ﬁfﬁammaawwum&ﬁ;ﬁ%@%@
'dwa%mat%smwwm*miammﬁﬁXMMMMMmmm

fﬁﬁﬁyﬁ%WQaMT;
”““Twﬁwmwmmmmw&mm

m @mma t6 m avvine stlmdus oo voumaved So the B

'mﬁmwxﬁm?g



P L looking times
trials. a %m%ﬁmh inswease ccourred between Level

percent looking tiue at the moving stimd:
seem to indieate that oven though changes iy rtiral
plexity are influencing the total losking time, *
affecting the infents relative attention toward |
stinuluss Adding more clements %o the stimulue field ﬂwﬁ
not gseenm to ald the infant in Splcking ug»’* the movemo
easily, or in influencing his prefercnce ey
this convlusion ic sonewhat modified ?&E‘ the faet that complexity
ig lnvelved in e significent interection that ia mmmﬁ to




in preference for imtressing speed

veal significant age differences at cavh of the three fantest
specds (a1l p's ab least «005): But nob ab the slowes
settings At the speed of 1s1 inches/sedond, cond slowes
speed, Tukey teste show that the Léewcekwolds and the M@&n
tcantly different from each other, but that

Ay more at the moving stimulus than
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lda {all @*ﬁ at least «05)e The author
nation for the fallure of the age % speed
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1 pereont &mm time from infantse
otal looking time and pevcent looking time




ihe offect of stinmulue complexity or PEHEDONSE
measures ie not as clear as are the amm of age and speeds
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Total number «ni‘ looks is defined as the number of
separate looks at the moving stimdus, averaged over subjects.
Average span is & measure derived by dividing the total
looking time for emch 30-second trial by the total number
of looks that ococcurred during the same interval. It there-
fore gives a measure of the average length of eash look.
Average span multiplied by total number of looks yields the
total looking time measurs used in Chepter 4, Although
average span and total number of looks tend to he somewhat
negatively correlated with sach other because both are limited
by the finite duration of a trial, there is still much roon
for independent variation, It 1s an extremely radve ocourrence
for an infant to fixate the stimulus for the entire 30 seconds
in a trial.

It has been demonstrated (Ames and Silfen, 1965) that
within the age vange of 7 to 24 weeks, infants use different
oconbinations of aversge span multiplised by total number of
looks to yield the same overall total looking time, In the
present chapter, total looking time is broken down inte average
span and total number of looks to ses whether this additional
analysis adds information to that gained by analysis of total

112
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and percent looking time, In the presentation of the results
that follows, resultas for the two new measures are presented
conourrently.

Table 14 shows the sverage span of time spent locking
at the stimulus moving at four different speeds, over four
levels of complexity, by the Bewsektw-old, lé-week-old, and 2i-
week-0ld infants. Table 15 gives snalogous information for
the total number of looks at the meving stimulus. The same
data are shown graphically in Pigures 12 and 13 respectively.

Pable 16 presents a suzmary of a thras-uwsy analysis
of variance of the average span of looking time at the moving
stimalus for each age group at each level of ocomplexity and
each speed. Table 17 summarizes an analogous three-way snalye
gls of variance of the total nunber of loocks at the moving
stimuluse

In oxder to explore the nature of the significant
differsnces, analyses of linear trend were alse performed on
the data. The linear trend snalyses for average span of
looking time and for total number of looks appear in Table
18 and Table 19 respectively. 'In the presentation of the
results, each variable and interaction will be discussed
separately, along with all relevent information obdained fro
analysesz and trend analyses on both responge neasures.

Age

The age eoffeot is significant in both measures (Figure
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3+88 5.95 5.27 7.20
2.43 341 4.05 5.08
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Table 14 {eont.)

8 ueeks étgﬁ
2.27 2.92 5.46 6.16 3.51 3.62
2 woeks 1.53 2.19 2.23 2.35 1.73 1.98 3.57 Z.91 2.53

335 8455 5485 6.99 - 2,28 %308 £.00 5.8
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Fig. 12, Average span of loocking time at the moving stimulus at eash of four
levels of mylexi‘ky, by Beweek=-old, lé-week-old, and 24-week-old infants. Looking time
is averaged over subjects.
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COMPLEXITY
LEVEL |

TOTAL NUMBER OF LOOKS AT MOVING STIMULUS
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Pig. 13. Total number of looks at the moving stimulus at each of four levels

COMPLEXITY

LEVEL 2
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COMPLEXITY
LEVEL 3
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——— e — — —e 16 WEEK-OLDS

O———————024 WEEK-OLDS

COMPLEXITY
LEVEL 4

9 25
SPEED OF MOVEMENT
(INCHES/SECOND)
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19 25

of complexity, by B-week-old, lé-week-old, and 2i-week~old infants. HNumber of looks

is averaged over subjlects.
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ST Analysis of Variance of Average Span of Looking
16 Week-old, mnd 24 Wesk<old Infants

I
b

B8

569.81 16.55 1less than .001
72.86 2,12 less than .10

38.9%

13.70 b.52
9.70 2.22
B.74% 2,00

.36



Table 17

mary Teble of Analysis of Variance of Total Number
vement Over Four Levels of Complexity by 8 Week-old,
and 24 Week-old Iufan

1129.51 9.56 less than .001
39.20 270
281.40 2.38 less than .05

4,92 -
90.40 5.94
29.23 1.92
32.87 2.16

15.21




Table 18

nponents in the Three-way Analyslis of Variance for Average
Span of Looking Time

S8

1S

P

Age {linear) 1@62‘39
Complexity (linear) 51.30
Age x Complexity {(linear) 310.77

Age x Speed (linear) 112.07

Complexity x Spsed
{linear) 35.03
Age x Complexity x
Speed {linear)

Speed x Subjects
within Groups (linear) 465.97

1062.39
51.30
155.39
3444

504.35
56.04

11.68

16.91

5+55

30.85
1.49
4.5

90.87
10.10

2.10

3.05

less than

less than

less than
less than

less than

001

«05

+001

05
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14), The average span of looking time (Figure lia) decreases
with age. The analysis of linear trend indicates that the
slope of this age effect is significently differsnt from zero.
Tukey comparisons indicate that the average span of looking
time of the S~week~olds is significantly greater than that of
the l6-week-olds and that of the 24-week-olds (p's less than
+01), but that thers is no significsnt differense between the
average span of the lé-weskeolds and that of the Zi-week~-olds.

The total number of looks (Figure 14b) inoreases with
age. The analysis of linear trend indlomtes that the slops of
this effect is significantly different from zerc. Tukey coms
parisons indloate that both the l6~week-olds and the 2i-weeke
olds give a significantly greater number of looks than do the
8-week-olds (p's legs than .01), but that the l6~week-olds
and the 24-week-olds do not differ from ons enother in total

mbar of looks.

Speed

The significance of the spesd effect in average span
of looking time indlicates that infants inorease the average
length of each look as speed inoresses (Figure 15). The
linear trend analysis indicates that the glope of the mpeed
effeot 1s significantly different from zero. Tukey tests
indionts that there are signifiscant differences in average
span of looking time bLetween all comparisons of speed levels
(p for differenve between the two alowest speeds less than
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+051 all other p's less than .01),
The effect of apeed is not significant in total num=
ber of looks.

Complexisy

The complexity effect falled to reach s significance
level of p=.05 in either measure.

Age x Complexity

The interaction of age and complexity was significant
only for the measure invelving total number of looks (Figure
16)+ The linear trend analysis shows that the signifiocant
interaction between age and complexity can be attributed to
differences in the slopes of the best-fitting straight lines
over levels of complexity. 4n analysis comparing
trends of the individual lines shows that the slope of the
8~weakw-olds 1s significantly different from that of the 16-
weekw-olds (p less than ,001), and that of the 24-week~olds
(p less than ,05), tut that the slopes of the lé~wesk-olds
and the Rlie-week-olds are not significantly different from
sach other, The slope of the beat-fitting straight line for
the Gewsek-olds is negative while those of the lé-weekw-plds
and 24-week-olds are positive.

Age x Speed

The interaction of age mnd gpeed is significant for
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Pig. 16. The interaction effect of age and complexity
on the total number of looks at the moving stimulus. Number
of looks is averaged over subjects.
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sures (Figure 17), The linear trend anslysis for
average span indioates thet the significant interaction can
be attributed to differsnces in the slopes of the best-ritting
atraight lines over levels of speed (Pigure 17a).
between individual lines show that the slope for the S-weeke
old group is significantly steeper than that of the l6-week-
old group (p less than ,025) and that of the 2h-week-old
group (p less than .001), and that the slops of the lé-week-
old group is significantly steeper than that of the 2i-week-
old group (p less than .05).

The linear trend analysls for total number of looks
indicates that the significant interaction can be atiributed
to differances in the slopes of the beat-fitting straight
lines over levels of speed (Figurs 17b). Comparisons between
individual lines show that the slope for the 24-weekwolds is
significantly different from that of the lé-week-olds and
that of the B-week-olds (p's less than ;001), but that the
slopes of the lé~week-clds and that of the S-week-alds are
not mignificantly different frem each other.

Complexity x Speed

The interaction of complexity and speed ia shown in
Figure 18, Although the interaction is significant for both
response measures, its linear somponent is not significant in
sither measure. Analysis of quadratic trend also faills to
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Fig. 17. The interaction effect of age and speed on average span and on total
number of looks at the moving stimulus, averaged over subjeots. &



AVERAGE SPAN LOOKING TIME AT MOVING STIMULUS

10

9

fh-

Pig. 18.

]
SPEED
(INCHES/SECOND)

The interaction effect of complexity and speed on aversge span and on
er of lookas at the moving stimulus, averaged over subjests.

TOTAL NUMBER OF LOOKS AT MOVING STIMULUS

251

20+

LEVEL |

———————— - LEVEL 2
o —o LEVEL 3
O o e e —oLEVEL 4
O e - o
S //
~a -
~ -~
——— ~
_,—'".—— \\\
- e

SPEED
(INCHES/SECOND)



132

revesl easily interpretable differences, In both measures
this interastion is involved in a significant three-way inter-
aotion, and the form of its specification is best left for
consideration as part of this higher-order interaction,

Age x Complaxity x Speed

The interaction of sge x complexity x speed iz slgni-
fieant in both messures. The interastions are presented
graphioally in Pigures 12 and 13, In order to find the sourse
of interastion for each measure, separate anmlysss of variance
were performed on the age x speed interactions within each of
the four levels of complexity (Table 20 and Table 21). For
average span of looking time, the analyses show that the
patterns of response to movement are the same for all three
age groups on Levels 1, 2, and 3, but differ from each other
on Level & (p less than ,001). 4n analysis of linear trend
performed on Level 4 (Table 22) shows that the intermotion is
attritutable to differences between the slopes of the beste
fitting stralight lines over speeds. Comparisons between
individual lines show that the slope of the Beweek-old group
is significantly steeper (p less than ,001) than that of the
1l6-week-0ld group, and is significantly stesper (p less than
+001) than that of the 24-weekeold group., The slopes of the
l6-week-olds and the 24-week-olds are not significantly dife
ferent from sach other. The slopes are: for the Bweekw-olds,
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2.83 less than 001
72.39 & 12.07 1.99
63 5.08




Table 20 (cont.)

Age 550.05 2 275.93 less than .001

Subjects within Groups 338.1% 21 16,10

Speed 257.60 3 85,87 12.50 less than .001
Azge x Spesd 184.55 6 30.76 ‘ less than 001

Speed x sah.t%ta
within Groug

432.73 63 6.87

9€T
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524,14
142,63

701

15.19

3.67 less then

3.61 leass |



Table 21 {(cont.)

691

1.53
5.13
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I = 4,1X # 1,63 for the lé-weskeolds, ¥ = 94X + 1.26; for
the 2i~woek~olds, ¥ = ,75% + 1,44,

Por the total number of looks, the individual analyses
show that patterns of response to movement are the same for
all three sge groups on Levels 1 and 2, but are signifiomntly
different on Level 3 (p less than ,025) and Lavel & (p less
than ,005). Analyses of linsar trend made at these two levels
of complexity appear in Table 23. At both levels, the inter-
astion was attributable to differences betwsen the slopes of
the best-fitting stralght lines over speeds, At Level 3, com-
parisons between individual liues show that the slope of the
2h-week-0ld group is significantly different from that of the
16-week-0ld group (p less than ,01) and that of the 8-wesk-old

- group (p less than .025). The slopes of the lé-week-0lds and

the Seweek-olds are not significantly different from esch
other. The 24-week-olds have a positive slope (Y = 2,81X + 14,86),
while the other two groups heve negative slopes. The slope for
the l6-week-olds 18 Y = «2.53 X + 23.73: the slope for the
B~woek-0lds 18 ¥ w ~1l.4 X &+ 14,57,

4t Level &4, comparisons between individual lines show
that the slope of the Beweek-old group is significantly dife
ferent from that of the lé-week-old group (p less than .005)
and that of the 2U-week-old group (p less than ,001), The
slopes of the lé~week-olds and the 24~week-olds are not sig-
nificantly different from each other. The slope for the
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8=weekw0lds 18 negative (¥ = «4,3 X + 18,83), while the slope
for the other two groups is positive, The lé-weekwolds'
slope 18 ¥ = (36 X + 22,72; the 24-week-olds'! slope iz

T = 3.1 X+ 16,50,

Disougsion

In an sarlier study by Ames and S5ilfen (1965) it was
found that differsnt patterns of looking behavior characterized
infanta of different ages, with younger infants (7 « & weeks
of age) teking a smaller number of looks, but of longer span
and ¢lder infants (24 weeks of age) taking a larger number
of looks, but of shorter span. In the present chapter the
nee neasures of total number of looks and average spar
of looking were analyzed to determine whether the previous
findings were repliocable, and elso whether these measures
might give information sbout infants' looking responses to
speed and complexity that would be & valuable addition to the
results obtained from the total looking time and percent
loocking time measures snalyzed in the previous ohapter. As
the measures of average span and total number of looks are
components of the total looking time measure, the digoussion
to follow will include discussion of the relation of the
results pressnted in this chapter to those presented in the
previous ohapter.

Teapo
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prage span and total number of looks ylelded
a algnificant effect of age. With increasing age, the
averaze span of lm‘mg tine decreases and the total number
of looks inoreasss. This indlcates that younger Infants
tend to look at the moving stimulius fewer times than do older
infants, but that the individual looks last for a longer
of time than do the looks of an older infant. This result
supports the esrlier findings of Ames and Silfen (1965).
| It will bs remenbered that there were significant
age differences in total looking time, with older bables
looking less than younger babies. From analysls of average
span and number of looks, it can be seen that the deoresse
in total looking time with age is mainly a result of the
older infant's tendenoy Yo take shorter individual looks.

The average span of looking time inoreases with ine
creased speed of movement, while the total number of looks
doss not change with apeed. This seems to indicate that the
inerease in total looking time ms speed is inecreased is
mainly a result of inoreasing the epan of individual looks,
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not of any increase in the number of looks at the moving
H@W’ﬂﬂ#i

Neither the aversge span nor the number of looks

shows a significant mein effeot of complexity. In spite of

the lack of signifiocance, inspection of the complexity data
for these twp measures shows that there is some tendency for
each of the measures to inoremse with inoressed complexity,
and the multiplication of these two measures into total looking
time, as previously analyzed, did reveal a significent main
effect of complexity.

The age x speed interaction is significant in all
thres measures -~ average span, total number of looks, and
total looking time. The average span of looking inoreases
for all three age groups as spaed of movement is inoreased,
but the Seweek-olds show the greatest incresse in average
span, with the lé-week-olds showing less of an inorease, and

1 It should be noted that this finding is unrelated o
work on adultst! fixation of a moving stimulus, mﬁem in
Chapter 2. In the studiss reported by Gibson, st ilgg?)
and Hashhour (1964), emphasis was on a oomparison o
snd pursult as modes of looking at a moving wmm:. In the
present work on Infants, emphasizs is on measurement of the tinme
span that starts when an infant shifts hiz gaze to the moving
stimulus and ends when he shifts from the moving stimulus to
either the non-moving stimulus or to some other part of the
visual field. Within this time span the infant nay either be
fixating acme particular point or pursuing the moving stimulus.
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the 24-wesk-olds showing the smallest inorease. For total
number of looks a different result is obtained, with 24-week-
olde giving a significantly greater inorsase in number of
looks as speed increases than do the two younger groups.

It will be recalled that analysis of total looking
time revealed a significant age x speed interaction in which
the l6-weskwolds exhibited a steeper slope over speeds then
did either the 8-week-olds or the 24-weekeolds., The reason
for this unhypothesized and rather surprising finding of 16
waeks being an sge of particularly great responsiveness to
differences in movement can now be discussed, Figwre 19 shows
separate plots of response to movements of different speeds
for each age group on eaoh of the three response ueasures.

It may be consluded that, as speed ilncreases, infants of all
three age groups "look more” st the moving stimulue. However,
at different ages different patterns of looking are used to
reveal this response to speed, Over incremsing speeds, the
looking pattern of the Z4-week-0lds is chavsoterized by an
inoreasing number of looks, with the average spsn of looking
becoming slightly longer. 7The 1l6-weskeold group shows a falrly

eady nunber of looks, with the average apan of looking be-
coming longer. The looking pattern of the Bewsek-olds is

sracterized by a decreasing number of looks, bub with
greatly inoressing span.

The multiplication of these two measure

8 resulis in
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the l6-week-olds coming out best in total looking time.

Whereas all three ags groups show inoreased total looking as
speed inoreases, the slope of the lé-~week-olds is steepest.
However, it would be incorrect to conclude, as one would from
the analysias of total looking time alone, that lé-week-olds
are particularly responsive to incresses in speed. The Beweekw
olds are most responsive to inoreases in speed Af aversge

span is used as a measure; the 24-week-olds are most respon-
sive to inocreamses in speed if the number of looks is used as
& measurs. The decision as to which age group shows the
steepeat slope of response to inoreased speed depends entirely
on whioh response measure is used. It is therefors impossible
to designate any one of tha three age groups as pmost respon~
sive to speed changes overall.

The age x complexity intersction was significant only
for the total number of looks. Both the 24.week-olds and the
16~week~0lds exhibited s stesper slope aoross complexity levels
than did the 8eweek-olds. The two oclder groups increased the
nunber of looks at the moving stimulus as somplexity increased,
while the slope of the bLest«fitting straight line for S-weeke
¢lds' number of looks asross levels of increasing somplexity
was negative. |

The interaction of sge x complexity for average span
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did not reach significence at the .05 level. Inspsotion of
the data, however, shows that the average span for the 8-
weok-olds tended to inorease with inereasing complexity,
while the span for the lé~week-olds and 24-week-olds de-
olined slightly. Figure 20 shows separate plots of responses
to different levels of complexity for esch age group on the
response measures of average span, total number of looks,

and total looking time. It can be geen from this figure that
the results for average span tend to cancel ocut the results
for total nunmber of looks, a finding that ascounts for the
lack of significance of the age x somplexity interaction in
total looking time. UWith inoreasing complexity, the B-week-
olds show a large increass in span, whioh is partially offset
by a amall decrease in the muber of looks. The two older
age groups show the opposits pattern -« i.e,, with inoreasing
complexity the mumber of looks inoreases, but this inorease
is partially offset by & small decline in the average span of
looking. In all sge groups, the total looking time obtained
by multiplying average span by number of looks revesls that
as somplexity inoreases, total looking time inoreames. There
is no significant differsnce between the slopes of total
looking time over complexity levels for the different age
groups, However, the analysis of average span and number of
looks leada to the conclusion that the Bsweek-olds are wvery
different from the two older groups in the pattern of looking
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by whish they accomplish the increase in looking time aocrcss
complexity levels.

Although there was a signifioant interaction of com-
plexity and speed for both average span and total number of
looks, the interaction was not significant in a& linear trend
analysis for either response measure. In addition, the pre-
vious anslysis of total looking time did not reveal any
significant complexity x speed interaction.

Overall, then, the complexity x speed interaction is
not as easily interpretable as are the other two-way inter-
actions of age x am and age x complexity., As all three
variables are involved in a significant three-way interaction,
perhaps the most parsimonious way to interpret the complexity
x speed interaction is in terms of the age x comple
speed interaction.

average span snd total number of looks, In each case, the
intersstion can be atiributed to the fact that differences
between slopes over speed for different age groups are found
only at high levels of conplexity. For average span, the
significant age x speed interaction is found only in complexity
Level 4, where the S-week-olds show a steep inorease over speed
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levels, an inoremss not shown by the other two age groups.

In totsl number of looks, significant age x speed interactions
are found at Levels 3 and 4. At level 3, only the 24.week~
olds increase the number of lovks as speed incremses: at
Level &, both the lé~week~olds and the 24~week-olds inorease
their number of looks as speed incresses; the B-week-olds do
not.

No significant threa-way interaotion was found with
the total looking time measure. Comparisons of plots for
average span (Figure 12) and total number of looks (Figure
13) show again that this lack of results is due to the twe
neasures cancelling esch other out when they are combined into
the total looking time measure. This csncellation, of the
type desoribed in the discussion of the age x speed Ainterw
action, oosurs at Levels 3 and 4 of oomplexity, the only
levels at whioh age x speed interaotions ave present.

In general, it can be concluded that the analyses of
average span and number of looks do sdd appreciably to the
information obtalned from the analysis of total looking time.
Indeed, the results of total looking time slone are somewhat
misleading. Among other things, the total looking time dats
seen to show that a) lé-weeks is an age at which infants are
nore responsive to differenves in speed of movement than they
are at € wesks or 24 weeks of age; and that b) stimulus com-
plexity pleys sither no role or a very small role in infants?
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responses to moving stimuli. Analyses of aversge span and
number of looks show that these preliminery conclusions are
not true. Because infants in the three different age groups
use different patterns of looking == 1.e., differsent combina-
tions of average span and number of looks = it is impossible
to conclude that any one of the three ages 1s "most respone
aive" to speed differences. By total looking time, the 16«
week~olds zive the steepest slope of response over speeds;

by average span, the B-week-olds' slope is the steepest; and
by number of looks, the 24-week-olds' slops is steepest. The
only meaningful conelusion that ¢an be drawn is that infants
at any of the three ages do increase thelr looking bshavior
as the speed of stimulus movenent increases.

Analyses of average span and number of looks also
reveal that, for all three age groups, the complexity of the
stimulus effects the infants' response to the speed of move-

mt of that stimulus. In esch ags group, & steeper slope of
response as spesd increases ls obtained at high levels of
complexity than is obtalned at low levels of oomplexity., FPor
the 8-week-olds this steeper slope osours in the measure of
average wpan, while for the two older groups it is shown in
nunber of looks.

Analyses of variance and linear trend analyses of the
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@ groups there are chsnge

for the significant three-way inbdarac
span and total number of looks.
results of the previous chapber, stimulus complexity doed

& vole in infants' response to speed of movement of the stimue
ius,




ual fixations Total looking %W# t

oxdey to determine whether increas rad Looling
moving stimdus are due to an incressed proportion
time being divected to the moviy

stimulus or whether they ave due mevely to

attritutable wa to this sort of umt;:ss
of looking time spent looking at the
with both m sge of the subjeot
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the moving and nonemoving stimdi. It is to this possibility
that the present ohapter is addresseds. Here, both of the come

ponents are converted to proportional measures -~ percent total

nunmber of looks, and percent average span of looking time.
Percent total number of looks s defined as the propor-
tion of the total number of looks at both moving and non-meving
stimuli that was directed toward the moving stimlus. Percent
average span is defined as the proportion of the overall span
of looking time at both moving and non-moving stimuli that was
devoted to the fixation of the moving stimuluss It is derived

as follows:

As in the case of percent looking time, theae measures
give a comparison of the relative changes in respouse to the

zoving stimnlus as compared to the nonemoving stimuluss In the
following presentation, results for both response measures are
presented mnurmntlml

I - Chl sgquare tests were employed to see whethexr there
were any significant departures from normality in the distribue~
tions of these proportion measuress As in Chapter 4, the test
was appllied to each age gample under each of the experimental
conditions« Sinoce there were no instances of significant dee
parture from normal distribution, arc-sine transformations were
not employed in the analyses for either of the two porcent mease
Uress
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Table 24 shows the percent average span divected
toward the moving stimulus, at each speed and level of come
ploxity by the Beweekeold, lb6-weekw-old, and 2hewesk-old
Anfants. Table 25 gives analogous information for the perw
cent total nunmber of looks at the moving stimulus« The same
data are presented graphically in Flgure 21 and Figure 22
reapeoctivelys

Table 26 presents a summaxy of a three-way analysis
of variance of the percent average span of looking time at
the moving stimilus for each age group at each level of comw
plexity end each speeds ‘Pabls 27 sumarizes an analogous
three-way analysis of variance of the percent total number of
looks at the moving stimulus.

In order to explore the nature of the significant dife
ferences, trend analyses were also performed on the datas The
linear trend analysiz for percent average span appears in
Table 28+ The linear trend snalysis for percent total number
of looks is presented in Table 29, In the presentation of the
results, each variable and interaction will be disoussed sepaw
rately, along with all relevant information obtained from
analyses and trend snalyses on both response measuress

Age
The sge effect is significant in both measures (Fige
ure 23)s The percent average span measure generally increases
with age (Figure 23a)s The analysis of linear trend indioates
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that the slope of the age effect ig significantly different
from zeros Tukey compevisons indicabte thot the percent average
span of the 1léw-weckw-olds and of the 2lewsek-olds io signifie
contly swester than that of the Sewecekwolds (pts less than «01),

but that there is no signifiecant difforensce between the percent
rage spen of the Lbewsckwolds and that of the 2heweekecldss
The percent tobtal number of looks (Figure 23b) also
inevesses with ages The analysis of lincar trend indicates
that the cdlopse of this effect ig eignificantly different from
zeros Tukey ecomperisons indicate that both the 1lb~weakeolds
and the 28-usel-0lde divest o sigmificantly higher percentage
of looks toward the moving etimrlus, a8 comparsd
moving stimwlus, then do the Beteckeoids (p's less than +01),
Howevar; the ié»w@@kmazas and the 2U-weck-olds do not differ

to the none

from one enother in porcent tobal nuuber of looks.s

Speed
The effect of speed is significant in both neasures
indicaving that, o8 speed of movenent incvoases, infants look
mumber of times toward the wmoving sbimulus then towssd
the nonenoving stimuive, and that the average length of each
fizntion is longer Tor the woving stimulus than for the none-
moving stimlus (Figure 24} In Piguve 2le, we see that the

peracnt average span incresses with spesd, and the lineay trend
nalysis indicates that the slope of the speed effect is sige
aificantly diffevent from zeros Tukey tests peveal sisnificant




y comparisons yevesd Mmﬁﬁ.m@ f&ai‘w
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{sse Plgure 22)s In oxdex to find the source o

action, separate snalyses of variance PEOTme:
age x speed mawzm within eath of the four levels of
nalyses show that the age

{» less than «035), on Level 2 (p less than +025), and on
Level 2 (p less than «05), btut are not siznificantly different
on Level .

 Analysis of linear trend (Table 32) reveals that the

interaction at Level 3 can be attributed to differences bew
tween slopes of the bestefitting mma lines over speeds.

omparisons between the individual lines show that the slope
of the léewsekeolds and the slope of the 2heweekeolds are both
significantly steeper than that of the SB.weekwolds (both pts
leses than «025), tut thet they ave not sipnificantly different
from one anothers The slope for the Buweskwolds is ¥ = +OLX

m ¥ w «00X 4 #4Bs

the glope for the 2i-weseks

Linear and quadratic trend analyses of Levels 1 and 2
falled to revesl any intexrpretable trende in the intersotions
of age x speed at these two levels.

Disoussion
Ag was seen in the previou

8 chapter,. the analyses of
esponses to a moving stimulus indisate that looking behavior
is characterized bty different combinations of average span
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4,26 less than .05

15.98  less than .00
1.55 ’
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oversll with age, the older infant astually divects pre

tionatcly longer looks toward the moving stimulus than
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rage span of looking at the none-moving stimaluss In
addition, results from the previous chapter indicated that
the totel number of looks toward the moving stimmlus does
not change with increased speed. Since the proportion of
looks does inerease with speed, it may be concluded that
fewer looks are directed at the non-moving stimulus as the
speed of the moving stimulus is incrensed.

The results from all three percent measures @@&nﬁ to
the fact that, within the speed range employed in this experie
ments a moving stimmlus will attract an increasing amount of
visual attentlon awsy from & nonemoving stimulus as the speed
of movement is increased.

Neither percent average span nor percent total number
of looks showed a significent main effect of complexitys We
must therefore conclude that the addition of more elements bo
the stimulus field does not produce any relative ﬁiffaﬁﬁﬂéﬁ&
in the patterns of looking behavior between the moving and
nonemoving stimuli. This is consonant with the results on
percent looking time in Chapter U

The interaction between age aud speed was significant
only for percent average span of looking times The presence
of the interaction indicated that infants of different ages do

not respond to increases in speed of movement in the same way.
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In general, all three age
to direct longer looks st the moving sbimulus than at the none
moving stimuluss The interactlon seems to result from basie
differences in response patterns between the Beweekeoclds and
the two older age groupss. While the two older age groups
respond alike at each of the four speeds of movenent, 'ﬁhay

show a greater m«m&s@ in average span than do the Beweekw
olds at the Wae fastest speedss These results are identleal
to those found in Chapter &4 for percent looking times Both of
these response measures glve indication that older bables are
better able than younger bables to discriminate movement from
none~movement at az,@m speedgs From these resulis, it 12 pose
sible to conclude that both percent looking time and percent
average span wéum be sensitive measures to use for the detecw
~ tion of gross age differvences in infants' visusl response to

 Neither of the percent measures shows significant age
differences across levels of incressing complexitys This -
would indicate that there are mo age differences in the relative
number of looks or length of looks between the moving and nons
moving stimuili with inoreases in oom

mplexitys This finding is
consonant with that in Chapter 4 for percent looking times
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The ﬁﬁmﬁmw of the triple interact
L nuumber of looks is difficult to interpret.

tion mm&h&m
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ted afdibional information tousrd the

vlder bablese



age span end mm number of looks obe
shapter are not mmﬁy due o a general

pxpand on the yesults obtained from the two previous




Show & MW preference for the moving stimulus than for th
milus, even at falyly slow speeds.

i conplexity with age or with speoeds
significant age x complexity x speed interaction was found in
percent total number of looks measures eXA0t MOADe

ing was impossei + Anteypret due to the absence of any sige
nificant twoewsy interactions or significant main effect of

It wss voncluded that the analysi
span and percent mumber of looks have shown that vesults from
the previous chapter can be attributed to the greater attention
value of the moving ﬁﬁﬁm&@i Tatheyr than sone genoryal increase
in avousals
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complexitys For the Beweek-olds, this steeper slope 1is found
in average spani for the two older groups 1t is found in num-
ber of lookss However, these results must be quallified somee
whats Since there was no olear interaction of complexity with
speed oy age in any of the percentage measures, it does not
appear that change in the complexity of the checkerboard strong
ly affects the ease with which its movement is disoriminated.
The peraent results indicate that the changes obeerved in ree
sponse to the moving stimuluz at higher levels of complexity
are also in effect for the nonemoving stimulus, and that there
is no difference in the response to the moving stimulus az come
pared to the mnumavm stimulus.

In conclusion, it 1s asserted that evidente has been
obtained to show that infants do respond to both movement and
complexity. It appears, then, that the abllity to respond to
these two stimulus dimensions is available to be employed by
the infant in the perception of depth, as maintalned by Walk
and Gibson (1961) and in the development of soocial responsivee
ness, as suggested by Rhelngold (1961) and Walters and Parke
(1965)+» wWhile no results were obtained in the present research
that would dlemgree with Dember and Farl's "pacer® theory (1957),
further experimentation with a wider range of ages and com=
plexities needs to be undertaken before the theory's implica=
tions for infant visual responses can be tested fully.
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a&mmw

m&wﬁ w :ta suggested

b Luny ﬂﬁn gupine

mmfamm‘ The 2l=weskeold infants tended LT

lese and disturbed when forced to 1le on thely backs over

period of time, It iu suppente when

fants over a falrly wide ege vange, it wou

geous to have the infant sit vp in a tilted chalr, and

present the stioull in the vertioal plans. Several infant exe

perinents veported in the literatuve ginove the present study

was begun have used this mediffcation with satisfaotory results.
In the present study, stimulus patterns wers presented

accoriing to a modlified method of limits., In this nmethod,

rens mmm !
sesurred on one side for sight sonsesutive trials, Watson
Gmﬁﬁ} mentions that infamts may ecquive such response sets
1 they are visunlly veinforoed in the same position for more
than 15 seoonds, In the cage of tho present gstudy, this pose
s1bility was assessed by comparing responses during trials
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wrring afber a ﬂ@ﬁmﬁ@ of W&%m%m ont the sans side,
Trial 6 was 3 y Briel 15 with trial wg

re pade somplexity Level 3, using
samples of %Wa&ﬁ@ (N = mh alde (N = 133 and
2hwyeckeolds (0 » 9), There were no signif Lffarenses
found in any of these compavisms onel
positional vesponse set was not Anfluencing the mm in the
present oase, However, 1t is suggested that complete randeme
1zation of stimulus presemtation would be & botter proced
to use in future studies on visual fization.
Under the conditions of the present expers
not possibls to tell whether the infants were respor
movement with fization or pureuit, or with cemtra:
%ﬁimﬁ factors which have been shown in aduld.

vertical dinension. amﬂm SN
ﬁama,g maﬁ wag oriented in the vertical direction, 1t i quite
xabing of some portion of the

visual ﬁ@lﬁ: and not responding to the flsld as & whole: The
application of photograp




useful in determining if thls was the case. Such technigues
_8dd greatly to the fuller understanding of pattemms of looke
behovior in infants and, whon Iinmncially possible, should

tne of the major problens confronting any researc
worker is to relate the findings of hie n@m ¢ the ozisting
body of empiricel data, as well as to current theoretical
lesues, This becomes s AAffioult task when, }9 in the sase
of the present thesls, the ctudy ropregents an sttempt to ine
vestigete an erea of reseavch which is virtually unexplored.
At best, & study of this nature can provide only 3
information about specific perceptual capacities of the young
infant, Hopefully, 1t will slso furnish guidelines in methodole
which might help to case the g s of other wamméw

ure relat o movenent M@&&ﬁ&m m LEy wns conceyned
with studies on adults. This was m&w&v true in the case

shiolds erature oontains only one study
on movement thresholds using children as subjects (Carpent
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end Carpenter, 1958), it would be presumpbuous

peneralized conclusions as to the exact nature of the doe
velopnental trend in the peycepbion of real movemont, 3!
is partioularly true when one approaches the infent end of
the developmemtal sontimuum, where stoiles invelved with the
neasurenent of thresholds are virtually noneeyl
methodological limitations, the results
gannot be sonsidersd ag yioldine seasuve hreshol
tivities, Nevertheless, the study doss provide some ¢
that thers iz an age progressis
movenent, with older btobies resp
eds then younger bables, rould
oldey babies ave bstter able to disoriminate slower m«ﬁ@ of
movenent., ﬁ*i:wm findinge are in keeping with the resuits from

arpey and Carpen g study {1958), where it was deponstrabed
that the threshold of wovement perceptlion was higher for ¢hildren
than adults,

- The empiriesl dats from infants and children 18 pree
sently too sparse to relate the findings of this thesis %o
ningful disoussion of the theoretiocal lssues arising

m adult @%&m Howovey, this does not dloniss the poge
sibility that the sane variables that affect adults' persep-
tion of renl aovement are also effestive in infants!
These variables inolude, smong obhers, the slze and
of the visual field, the dirsotion of movenemt, -illuninatior
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exposure time, the use of central va, peripheral vision, and
mmm end pursult. It is oconsidered prudent to comtrol
for these variables until thelr exact role in infants! pere
ception of movement is understood, If snything, the paucity
of such Anformation polnts to fruitful areas for future ree
seayoh, - |
- 8ince the literature on infants® responses to comw
plexity is conslderably more extensive than that on movement
pereeption, thers is mors opportunity to relate the results
of the present study to it. One of the major theoretisal
provlems in the dlscussion of stimulus complexity lies in its
definition, As pointed out in the historical review in
Chapter 2, the only results that can be generalized are from
studies that have used expliclt definitions of complemity
baged on contour, or number of parts, The results from this
study, as well as from other studies on infants using sioilar
dsfinitions of complexity, glve some supportive evidence for
Dember and Sarlfs "pacer theory (1957). Sines 1t was believed,
‘basis of work by Brennan, Ames, and Hoore (1966), that
used in the present research were below the “pacex®
levels of the infants used, it was hypothesized that more oome
plex usam&i would elicit more looking from the infants, Thie
wypothesis was supported for both the moving end nonwmoving
“mh | .
o naammmmm; however, that an extensive test
of Desber axnd %Garl's theory would have to utilize younger
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infants and more complex sbimuli, in order to span a broead
be possible to determine w

hether age difforoances in visual
attention are a funotion of shimulus complexity, whether the
maxiows :ia?@& of attentlon shifts to higher levels of cone
plexity with inoreasing age, and whether the level of abbens

irops off, ence the “pacer® level hes besn surpassed.

- M of the major proble fran
y@s@h@l@g&@& is finding respomse .

: : jaons of the percaptusl

This becomes partioularly
roant W one wishes to establish age norns with whioch
welopnent of individual ohildren can be compared. The
major contribution of this thesis has heen in demonstrating

portan pones measures waich are eppropriate
to the aize Tengé being investigeted., Some stodies in the cure
rent literature have falled to take into socccunt these changes
in the %ml fization reaponge and, as & result, have made

: :  sugeasted that, with the
aid %f wmm tecimological advences, 1t is desirable to study
ammme g of . Fegpongss over o large
age mmam @mmm fron studies such ag thess, it will bo pote
sivle to mim a moasure, o aek of peansuves, that #1ll row
flect & response continuun that is truly sensitive to develope

1 shanee, and which ocan be used to make mesningful age
smparisons in the response to visual stimulation,
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SOUND CONTROL

Data for sound control. Numbers represent total time, in
seconds, spent looking at stimulus pattern on the side where
motor sound was located. Subjects were eleven 16 week-old

infants looking at Level 3 of Complexity.

Speed of Motor

Subjects ss s F FF
97 23.70 25.05 26.25 33.70
98 26.50 19.70 23.75  30.65
59 10.60 4.35 13.45 3.40

100 18.15 14.40 10.60 25.60
101 31.25 33.80 4l 40 23.70
102 22.50 26.85 25.60 16.85
103 26.30 25.60 26.25 .  25.65
104 24.35 .25 23.75 3745
105 10.60 16.50 17.75 8.10
106 26.80 27.80 39.65 31.25

107 23.75 21.20 . 21.25 31.90



STATIONARY TRIALS

Total time in seconds spent looking at both stimulus patterns, over four levels of
complexity, when both stimull were statlonary. Numbers represent total taken over

two trlals for each subject in 8 week-old groups.

Degree of Complexity

Level 1 Level 2 | Level 3 | Le#el by
36.85 46.25 - 19.35 50.00
17.40 ¥1.90 43.70 41.25
25.65 - 46.20 39.95 55.60
40.65 | 26.25 55.60 49.35
16.55 81,30 47.50  36.85
47 45 - 5l.25 32.55 44,95
15.60 490 59.40 53.10.-

36.90 5435 o 50,00 51,85



STATIONARY TRIALS

Total time in seconds spent looking at both stimulus patterns, over four levels of
complexity, when both stimuli were statlonary. Numbers represent total taken over

two trials for each subject in 16 week-old groups.

Degree of Complexity

Level 1 Level 2 Level 3 | Le§91 b4
26.90 31.30 ~ 48.10 33.20
32.50 34,65 | 23.15 25.30
19.95 - 37.50 48.10 28,15
13.70 | 36.25 26.90 | 40.05
10.00 - 6.20 48.15 11.25
33.40 39.40 | 45.90 41.90

6.25 W70 45.00 34,40

14.40 43.45 o 24.35 | 20.55



STATIONARY TRIALS

Total time in seconds spent looking at both stimulus patterns, over four levels of
complexlity, when both stimull were statlonary. Numbers represent total taken over

two trials for each subject in 24 week-old groups.

Degree of Complexity

Level 1 Level 2 Level 3 | Lével b
18.10 18.15 ' 41.85 © 14.30
.60 11.85 | 22,10 18.80
20.00 18.40 b 40 18.75
25.00 | 15.05 31.30 | 20.60
10.00 21.90 5.00 25.00
33.80 |  16.85 17.50 9.35
6.85 18.80 6.25 31.85.

11.85 - 17.55 o 9.95 26.20



COMPLEXITY LEVEL 1
8-WEEK~OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trials.

Speed

Subject - SS S F FF
1 - _ ;47 ' .71 .70 .79
2 .54 .54 .61 .80
3 49 % .69 .80 .99
4 .52 BN 5 1 .54 .75
5 «35 .51 «79 , .75
6 .68 .70 .88 .84
7 A46 40 .61 .93

8 .61 .54 .56 .71



COMPLEXITY LEVEL 1
16-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time. tota;led over four 30-second trials.

Speed

'Sﬁbject ss s F FF
9 ;64 .69 | .70 | .63

10 40 .67 Ll .53
11 .53 .87 .96 .89
12 .98 ’ .75 .93 .99
13 .52 .88 a7 .51
14 .53 70 .95
15 .32 75 .81 .84

16 i .71 .82 .85 .77



COMPLEXITY LEVEL 1
© 24-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four BO-second trials.

Speed

sﬁbject 88 s F FF
17 ;uz 76 .99 .97
18 .2k .26 .75 .74
19 56 .67 60 .68
20 64 .86 .88 .91
21 .87 ' .72 «90 } .97
22 7L T 92 .85
23 .64 25 .6 49

2h 64 87 .92 .96



COMPLEXITY LEVEL 2

- 8-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trials,

Speed

sﬁbgect ss ] F FF
25 - .53 80 91
26 74 .73 .75 .95
27 .54 47 .63 .67
28 .52 .55 .51 .63
29 .61 .66 67 .88
30 .51 63 .50 .60
31 49 «50 | ’ .50 .50

32 ) .56 .59 .74 .79



COMPLEXITY LEVEL 2
 16-WEEK-OLD_INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trials,

Speed |

éﬁbject - Ss S F ~ FF
3 .51 - .83 .78 | .77
M .53 .62 .96 .97
35 .50 62 .9k .96
36 .55 .73 .90 .87
37 .39 .88 .90 .89
38 | .66 .83 95 .93
39 .60 76 .91 .88

40 .57 .76 9k .82



COMPLEXITY LEVEL 2
~ 24-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-seoond trials.

Speed

éabaeot B SS ' S P FF
" ;73 .86 .83 .86
w2 47 .75 .8l .79
43 46 .68 .72 .69
B .76 .9 .82 .87
45 .51 .85 87 . .93
46 .53 77 63 67
47 .82 89 .96 .9l

48 .97 .88 .8 .96



COMPLEXITY LEVEL

8-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trilals.

Speed

Subject B S8 S F FF
b9 .57 .86 .90 .97
50 | «53 49 .68 .91
51 .72 .73 .64 .81
52 .64 .75 .72 .56
53 ok " | .55 . .73
54 .62 51 .33 - .61
55 .50 Y .50

56 .40 .50 .50 .50



COMPLEXITY LEVEL 3
16-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trials.

Speed

Subject S8 S F FF
57 .38 «53 | .89 .85
58 | .58 .61 .87 .91
59 .68 .81 .81 .95
60 48 .58 .80 .87
61 .51 64 «90 : «99
62 .68 .87 .97 .98
63 5L 72 .81 .90

64 . «55 .81 .87 .93



COMPLEXITY LEVEL 3
24-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trials.

Speed

Subject ss ] F FF
65 .62 7L .78 .81
66 | .51 R .92 .90
67 .60 .84 .66 .94
68 .57 W50 .67 .63
69 .56 .73 .81 | .78
70 .61 .80 .85 | .89

71 .60 91 .95 .96

72 .35 .84 .80 .83



 COMPLEXITY LEVEL 4
8-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trials.

Speed

Subject 88 8 F FF
73 .68 .68 .86 .92
7% | .60 o140 .85 .97
75 .50 .65 .79 .89
76 49 .58 .55 .75
77 .57 .88 93 .87
78 .56 .58 A2 .55

79 40 «57 «75 .73

80 ,« .56 .56 .93 .88



COMPLEXITY LEVEL b
16-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stimulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trials.

Speed

Subject S8 S F FF
81 iy 76 .95 .89
82 | .60 77 91 .9k
83 «70 72 .81 .94
84 49 .60 75 .87
85 .51 .77 8 .98
86 .57 .40 37 .82
87 41 .60 ) .79 .86

88 B! .62 .85 .85



COMPLEXITY LEVEL 4
24-WEEK-OLD INFANTS

The percent of total looking time that was spent looking at
the moving stihulus pattern, as compared to the non-moving
stimulus pattern. The numbers represent the percent looking

time, totalled over four 30-second trials.

Speed

Subject SS S F FF
89 60 66 .95 .88
90 | 7 .81 .73 .86
91 .39 .81 .96 .98
92 .61 .56 .63 .79
93 | .40 .54 .59 .66
9k .52 .65 92 .81
95 .62 .80 .91 «92

96 , .78 .85 .94 .95



COMPLEXITY LEVEL 1

8-WEEK-QOLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement.

each infant spent looking at the stimulus patterns over four 30-second trials.

Speed
Sub ject

@@ N 606\ F oW N M

The numbers represent the total number of seconds

Moving Stimulus

ss 8 F FF

37.50 56.20 40.00 58,10
32.45 45,00 55.00  75.60
38.80 58.75 71.85 104.40
49.40 36.25 35.65  78.75
16.25 30.60° 62.50 62,50
59.95 64.35 73.10  81.85
33.40 24,00 48.10 76.25,
39.35 50.00 43.10  57.50

Non-Moving Stimulus

- 88 S F FF
40.60 18.10 18.75 14.95
38.75 32.45 36.20 14.40
18.75 18.75 14,40  1.85
43.75 48,70 36.90 25.00
17.80 14.70 12.50  2.50
22.50 28.45  6.90 14,40
36.30 34.95 30.00  4.95
26.20 40.00 29.35 23.75



COMPLEXITY LEVEL 1

16-WEEK~OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement.

each infant spent looking at the stimulus patterns over four 30~second trials.

Speed
SubJect

10
11
12
13
14
15
16

The numbers represent the total number of seconds

Moving Stimulus

88 8 F FF
33.75 39.35 28.80 34.95
37.50 . 40.60 26.25  50.65
25.65 47.45 54.35  81.20
38.15 33.75 34.40 83.80
25.60 37.50 46.85 39.35
40.65 63.75 67.55  90.05

3.10  31.25 41.25  45.00
38.20 63.75 71.85  56.90

Non-Mov1n§4§timulus

11.30

88 S F FF
17.55 13.70  6.55 16.20
48.75 33.20 36.25 14.35
15.00 8,10  3.10  7.80
.30 1.85 .90 .30
14,95  3.15  8.15 12,45
31.90 22.80 25.65  4.40
20,00 8,10 9.40  6.25
7.80  12.45 16.30



COMPLEXITY LEVEL 1

24-WEEK-OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement.

each Infant spent looking at the stimulus patterns over four 30-second trials.

Speed 88 S F FF
Subject -
17 28.45 29.95 82.50  50.05
18 3.70 5.60 3.40 46.90
19 19.40 31.85 46.85 48,75
20 38.75 70.65 67.50 64 .40
21 35.65 32.50 53.75 59.35
22 48.05 55.65 70.00  62.50
23 30.00 5.00 12.45 27.50
24 34,40  57.55 62.50 65.05

The numbers represent the total number of seconds

Movigg Stimulus

Non-Moving Stimulus

- 88 s F FF
28.10 11.90 .60  3.70
10.60 19.05 .60 .90
21.25 15.00 27.55 20.65
16.25 8.20 6.90  5.90
2.45 8.10  4.35  1.20
16.25 21.85 6.85 11.30
9.40 9.40 9.35 6.90
16.25 6.85  6.90  3.10



COMPLEXITY LEVEL 2
8~-WEEK-OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement.,

each infant spent looking at the stimulus patterns over four 30-second trials.

Speed
Subject -
25
26
27
28
29
30
31
32

Moving Stimulus

The numbers represent the total number of seconds

88 S _F FP
38.40 47.50 80.65  90.60
35.60 43,70 58.10 87.80
51.85 45,65 64.35 72.50
40.05 36.25 49.35  52.80
51.20 67.50 65.60 92,55
45,70 63.15 48.70  59.40
30.65 36.20 36.20 35.00
60.00 62.50 83.10 85.05

Non-Moving Stimulus

ss s F FF
¥1.20 23.17 11.85  B8.75
27.50 26.85 12,20  4.95
39.95 54.35 38.10 34,05
36.25 19.30  9.50 11.20
18.80 33.10 35.00 11.90
B4, 50  36.85 50.00  35.65
38,10 52.50 55.00 55.65
43.05 40.00 21.30

28.70



COMPLEXITY LEVEL 2

16-WEEK-OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement.

each infant spent looklng at the stimulus patterns over four 30-second trilals.

Speed S8 S F FF
Subject
33 28,70 58,70 51.90 58.75
34 44,90 - 35.35 80.65 103.70
35 38.75 53.10 90.60  93.10
36 31.90 23.15 46.20  62.50
37 6.90 25,05 43.10 55.60
38 50.60 68,15 90.65  95.55.
39 52,50 75.05 91.25  81.90
40 35.05 71.90 68.15  75.60

Moving Stimulus

The numbers represent the total number of seconds

Non-Moving Stimulus

- 88 s F FF
19.00  7.55 11,60 12,15
41.25 30.60  3.15  2.80
27.50 18,75  5.30  2.80
28.15 7.15 6.85  9.40

9.35 3.75 4. 4o 5.65
26.25 13.10  5.00  6.90
42,50 22,50  7.85 10.25
25.00 14,40  1.55 12.55



COMPLEXITY LEVEL 2

24-WEEK-OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement,

each infant spent lookling at the stimulus patterns over four 30-second trials.

Speed
Subject
b1
42
43

k5
46
7
48

The numbers represent the total number of seconds

Movins Stimulus

8s 8 F FF
47.50 61.20 60.65  60.65
24,40 35,05 29.35 30.00
24,90 38.10 36.30 43.70
41.85 63.10 64.35 70.60
19.95 43,70 68.75 66.85
20,00 60.60 62.50  68.15
12,50 26.90 42.45 38,75
33.75 41,20 44,65 80.65

Non~-Moving Stimulus

13.80

- 88 s F FF
16,20 10.00 12.45  9.40
17.55  7.20  5.00  3.05
28,10 12.55 16.25 18.80
11.90  7.50 17.20 5,60
25.60  5.55  8.75  5.60
18.15 13.75 26.85 19.35

4.65 3.40  1.85  3.80

1.85  3.75 3.40



COMPLEXITY LEVEL 3

8-WEEK-OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement.

each infant spent looklng at the stimulus patterns over four 30-second trials.

Speed
Subject
49
50
51
52
53
sk
55
56

- The numbers represent the total number of seconds

Moving Stimulus
Ss S F FF
31.20 62.50 68.15 66.90
60.65 43,10 73.75 89.40
36.20 59.35 66.85 83.75
70.05 78.15 80.05  63.70
49.30 48,10 64.35 86.25
bo.4o  47.50 34.35 @ 32.50
60,00 60,00 60,00 60,00
46.85 57.50 60.00 60.00

Non-Moving Stimulus

60.00

. 88 S F FF
20.00 10.05 8.15  2.15
42.20 56.80 14.95  6.25
26.85 20.65 39.30 13.15
36.60 27.55 31.20 50.05
56.25 49.45 28,20 16.25
24 .45 43,10 48,75 26,25
46.90 60.00 60,00 46.30
70.65 58.15 60.00



COMPLEXITY LEVEL 3

16-WEEK-OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement.

each infant spent looking at the stimulus patterns over four 30-second trials.

The numbers represent the total number of seconds

Moving Stimulus
Speed S8 S F EF

Subject

57 37.55 48,20 100.00 94,35

58 28.75 33.75 67.60 63.10

59 74.40 89.95 93.75 105.65

60 27.50  33.75 49.95 72.45

61 58.75 67.45 105.70 110.00
62 38,10 66.85 101.25 103.10

63 46.85 68.75 79.40 87.50

64 37.50 53.20 67.50  81.90

Non-Moving Stimulus

ss 8 F FF
60.00 25.00 11.90 14,35
31.85 26.55 13.10  4.70
24,95 20,00 16.90  5.00
26.95 23.80 10.60  9.40
54,50  33.15 10.90  1.25
26.80 10.00  3.40 1,85
43.75 25,00 19.40  9.95
15.00 13,10 10.00  5.90



COMPLEXITY LEVEL 3
2l4-WEEK-OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement,

each infant spent looking at the stimulus patterns over four 30-second trials,

The numbers represent the total number of seconds

Moving Stimulus

Speed S8 8 F _FF
Subject
65 50,00 41,25 38,75  40.00
66 38,10  38.15 55.00  53.75
67 45.60 75.65 62,50  88.10
68 29.95 36.90 58.80  61.30
69 10.60 17.55 28.10  36.25
70 10.65 27.50 35.05 42,45
71 13.10 28.70 36.25  46.95
72 9.95 29.35 21,90  35.05

Non-Moving Stimulus

ss s F FF
24,50 15.85 11.80  9.95
.35  6.85  6.85  6.85
30.00 7.50 20,00 6.00
29.35 35.60 29.40 36.90
8.75  5.00  6.85  9.95
15.60  7.50  4.95  3.70
8.70 3.75 .1.85 1.80
19.40 5.00 3.70 6.25



COMPLEXITY LEVEL 4

8~WEEK-OLD INFANTS

The amount of time spent looking at the moving and non-moving stimulus patterns at

each of four speeds of movement.

each infant spent looking at the stimulus patterns over four 30-second trials.

Speed

Subject -

73

7%

75
e

77

28

79

80

The numbers represent the total number of seconds

Moving Stimulus

ss S F FF

63.05 69.40 87.55 96.85
47.55 36.25 83.15 79.95
51.30 57.50 81.25 83.70
b7.