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' ABSTRACT

A Visual Habituation Test of the Development of Form
Perception in Infants From 2 to 3 Months of Age

Nikki Pawliuk

The purpoée of this study was to develop a paradigm that
J

would assess young infants' abilities to abstract

configurational invariance from a changing visual display.
’

Twenty infantg;were tested at both 8 and 12 weeks of age on

a visual habituation task. Infants were shown 20 slides of

" two sizes of linear or triangular configurations of three -
’

white dots followed by two novel. sizes of the familiar

stimuli (geqeralization stimuli). Infants were then shown’
four slides of the other configurgtion; of which two were

the same size as the familiar stimuli, and two wére the'same
size as the generalization stiﬁﬁli. Infants at both 8 and lé‘
weeks showed” a significant response decrement (p < .01) from
the first two to the last two familiar sl}des, and generalized
this response to the genefalization stimuli. Infants at 8
weeks fixated the first two cdnfigur;tion—change stimuli at
similar levels to the generalization stimuli, but showed a
significant response aecrement'to the second two \
configurat?on-change stimuli (214 .05).‘ This inﬂicated that
the ingants at 8 weeks had not abstracted configuration, and
were not responding £o<size or contour dens}ty changes. At

12 weeks, the infants increased fixation from the
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A Visuval Habituation Test of the Development of Form
Perception in Infants From 2 to 3 Months of Age

; " (
Over the first few months of life, an infant's visual
system matures rapidly. Visual - acuity is estimated by
— behavioural and physiologicgl measures to be 20/400 at birth,

and improves té between 20/100 and 20/25 by 6 months of age
(Dobsoﬂ-& Tealer, 1978) . Poorracuity in the newborn may be -
due to the immaturity of the fovea at this'time. Abramov et
.al. (1982) found that ét 8 days of age, the fovea of an
infant hés very thin nuclear layers, leaving little room for

receptors between the external membrane and pigment

epithelium. By 4 months of age, however, the fovea reaches

.

near-adult development (Mann, 196§; cited in Abramov eﬁ al.,
1982). The lateral geniculate nucleus (LGN), the major relay
center between the retina andlthe visual.coafex, also matures
rapidly after birth. At birth, the cell bodies in the
magnocellular and parvocellular layers of the LGN are smaller
than in its mature form. ‘%he cells in thé parvocellular
layers grow very rapidly during the first 6 months, and reiiii;
adult size‘by the end of the first year. The largé cells of
tﬁe magnocellular layer grow rapidly during the first Year fo
reach adult size by the end of the second (Hickey, 1977).

A number of changes also occur in the visual behaviour of
infants over the first few months of life. Before the age of
2 months, infants can make discriminations based on

v
intensity, contour, orien&ation, and shape of stimuli, and

]

£
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can discriminate mdving from stationary objects. They ¢Aan
also 10ca\ize stimuli ih the periphery, track moving stimuli,
and fixate.stationary stimuli (Méurer & Lewis, 1979).
Infants older than 2 months can make discriminations that
younger infants do not, such as discriminating shapes and
arrangément of features of stimuli inside identical frames.
Older infants can also scan thoroughly, localize nasal
stimuli, and track.smoothly'(Maur;r & Lewis, 1979).

Two of the theories of neural maturation thaé attempt to

hiy ]
account for these changes in visual behaviour are those of

— Bfonsbn (1974) and Maurer and Lewis (1979). Bronson (1974)

S_/

—

believés that“ﬁhe‘change in behaviour reflects a change from
subcortical go cortical control of the visual system. ﬁe
ugges§§ that from bGrth to 2 months, visual responses are
m diated.by the sZcondary visual system (subcortical), which
,
tf%nsmits information on the directional 'loci of salient
stimuli located in the periphery; Around the ages of 2 to 3
months, the primary visual system (cortical) begins to
coﬁtfol responses. This system is concerned with the
analysis and encoding of complex patterns, and processes
information received from the central area of the retina:
Although this theofy fits the behaviours of pre- and
post-2-month-olds reported by Maurer and Lewis (1979), there
is some evidence that the visual‘ cortex influences v%sual 4

behaviour before 2 months. For example, researchers using
N
infant visual evoked potentials to pattern stimuli have

found evidence of an early positive component peak (with a

]

4

"
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latency of 100 to 250 msec from stimulus presentation) in

dzinfants as young as 4 to 6 weeks (Hoffman, 1978; Moskowitz &

éokol, 1983). This peak is sai% to.bé related to activity
%n the striate cortex (Atkinson, 1984). Thus‘the pregencc
of the peak in the VEP records of these young infants
suggests that the cortex influences visual responses.
Research comparing the aisariminative ab&lities«of young
infan;s to that of decorticate animals also suggests that-
the cortex influences visual behaviour before 2 months of

age. For example, Maurer and Martello (1980) showed that 5-

to 6-week-o0ld infants could discriminate pattern;‘with
different orientations of stripes (with regional intensity
cues controlled). Loop and Sherman (1977)} however, found
that cats with occipito-temporal cortex ablations could not
learn to dis;riminate horizontal from vertical stripes, even
whén g%yen six times the number bf tr;ining sessions as

required preoperatively. Similarly, Milewski (1976) showed

that l-month-old infants could discriminate a circle from a

g7

triangle, while decorticate monkeys needed an average of
3700 trials to learn this discrimination (over ten times as
many trials as needed preopefatively) (Schilder, Pasik, &
Pasikf 192). Thus the decorticate monkeys and cats nceded
extensive aining to learn to make discrlminétiong that
young hum;n infants iearned very rapidly (Atkinson, l984)»
Phe Maurer and Martello (1980) and Milewski (1976) studies

thus suggest that the cortex may be involved in eng the

simple visual discriminations made by very young infants.



: Maurer and Lewis (1979) account for this evidence of
cortical involvemeng by proposing that two neuraé)pathways are
;esponsible for the visua% behaviours shown at birth.

. Although some researchers believe that X- and Y-cells are not
functionally segregated (Daniéls, Pettigrew, & Norman, 1978;
Hochstein, 1979), Maurer and Lewis‘(l979) suggest-that thel
visual behaviours shown before 2 months Ef age are accounted
for by a Y-pathway to the superior colliculug and pretectum,
which mediates discriminatibns based on co¢ntour, intensity,
movement, or flicker, and by an X-pathway to-the cortex,’which
mediates fine acuity and the discriminatién of orientation anq
shape. . The more sophisticated visual behaviours exhibited
after 2 ‘months are attributed by Maurer and Lewis'to the
development of a Y-pathway to the cortex, which mediates
smooth pursuit, mAture sensitivity to flicker, and perhaps
rudimentary form perception. Although Maurer and.Lewis (1979)
. do not state what is meaht by rudimentary form perception,
Haber and Hershenson (1980) have defined it as seeing that a
shape involves parts that must be seen in a particular
. relétionship to one another. The present study was an attempt
to develop a paradigm to test only one aspect of the Maurer
.and Lewis theo%y -2 specifically the suggestion that form
percegﬁidﬁ as defined above "is possible soon after 2 months of
\ age.

The study wasf not designed to lest the function of the
X- and Y—pathwéys, as a number of investigétors have stated

that their spec{fic functions are uncertain (Atkinson, 1984;
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Banks & Salapatek, 1983; Daniels et al., 1978; Hochstelin,

1979). X-cells, orféustained gells} have been éﬁiiagterxzéd

as showing a sustained response to a séationary spot in the

feéponse field, showing linear spatial summation, and as \
having sfvw conduction times and sm;ll feceptive fields. | ‘

Y-cells, or transient cells: have been chérabterized as

showing a transient response to stimulation of the response

1]

~

field, showing non-linear spatial summation, being sensitive
to stimuli at loQ spatigl f;eduencies, and having rapid |
conduction times and larger ré;éptive fields, {Hirsch &
Leveﬁthal, 1978; Lehmkuhle, Kratz,oMangel, & Sherman, IQQOY.
Lehmkuhlebet al. (1980)‘hypothe§ized'that Y-cells are |

3 .
essqntial to the analysis of spatial patterns, since early

1id suture in kittens which de€stroys Y-cells produced a ~

profound loss of spatial pattern wision: They. alsO suggested
that X-cells add details to this spatial information. Other

investigators, however, have found that thg classifyinq ’

characteristics of X- and Y-cells overlap. For example,

o &0

Daniels et al. }lQiB) found that 9%<15% of X-cells in young
kittens showed transient responses, and that 8%-16% of

Y
Y-cells showed sustained responses to stimulation of the’

» ,
response field. Hochstein (1979) reported that the dichotomy
of X—.and Y-cells %s unclear in many tests that cla;sify the
cells, such as response dynamics, conduction tim§s,wand size
of reéeptive field. Atkinson (1984) sﬁggests an alternative '
hypothesis to account for the changes in visual behaviour

that occfir at 2 months of age in infants. Before 2 months,
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_she'gpggests that most visual responses arz geterﬁiped byv
" hadFivity in subcorticdl pathways, and that a‘few responses are

~$determineq by some functional links between.*he eye and the

A B
cortex?! The changes in visual behaviour that occur at 2

L]

,.manths of age are hypothesized to be due to maturation of
v \ 4
ﬁgcgrtical~shbcortical pathways, when‘subcorticaf\ﬁéthways
o ® o
;j Begome cont§9lled by decisions taken in the cortex.
[

v Study of the developmedt of visual behaviour reflects

3 ®  neural maturation. Early studies of infant response tO '.
> ,

4
pattern showed.that newborn¥fullterm infants can make many

discriminations, such as discriminating patterned from "

N

unpatterned surfaces~(Fantz & Nevis, 1967). Friedman (1972)
. * . J‘ ' -
found that some newborns can discfififmate between patterns:

¢ .
infants who habituated (decreasedrlooking time: significantly)

to either a 2 x 2 or ,12 x 12 schéckerboard increased Zttention

-~

/” . to a novel size of checkerboard. Miranda (1970) reported

that 4tday§§@d infants lookeg‘longer at patterns whi¢h were
more discriminable gfcause they were larger or had greater
brightness contrast. Fantz'andrmifanda (1975) showed tha%
3-day-old infants looked dgnger at patterps with curved

» rather than'straight outer contouniﬁ .These studies show .that
w ' -

newborns can make diécrgminations based on size, brightness,
. Y e L

and curvature of outer contours. '

'
. “’ -
2 9 4
.
.
.

-\ .
By 1 month of age, the visual capabilities of the infant
t~ improve slightly. Milewski and Siqﬁeland (1975) studied

. N } .
" 1-mdhth-old fants' aéiliﬁies to discriminate changes in

form and [c ur. Using a high amplitude nonnutritive sucking *

.
.
' ﬁ *
- ~
.
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a change,gn colour, form, or colour and form after being

- N ,

-

task, they discovered that infants showed increased sucking to

-

~

habituated to'a familiar stimulus. 1In a further investigation

of the ab;Lity to discr;minate changes in form, Milewski

. ?

(1976) found that l-month-olds showed increased sucking to a
change in external form after beingfhapituatda to a.compound
form of one shape'inside another shape. There was no evidence
of discrimination of changes in the internal form. Usiﬁé
similar étimuli; hqwevér, Bushﬁéll (19f9) showeé that l-month-
olds could discrim;ngte a change in_the int;rnal form if it
nflashed or movéd.mysiﬁilarl§)‘canon and Swggtz (1980) géported

- . ) ] v . (] . [] . ‘
that a change in the internal form was discriminated if it-was
B rd \ . -

. ‘ J
a "salient" stimulus %or the infa®t, such as a checkerboard or

“

a bull's-eye. Thus'l-month-o}ds readily respond to cﬁanqés in</

) [} .
external form, but do not atgﬁnd to changes in the internal

forgyﬁf compound stimuli unless it is a salient target for
ghemf B§_§ and 4 months, however,” infants typicaily respond
to chaﬁges‘in nonsalient internal forms (Bushnell, 1979;
Milewski, 1976). SR T

Other studies have examined the ?esponées of infan@s to
stimuli varying in "complexity" (defined in the foflowing
studies as number gf stimulus elements): Brennan, Ames, and

Moore (1966) found that 3-week-olds fixated a 2 x 2

checkerboard significantly longer §han a 24 x 24 checkerboard,

.naﬁqﬁﬁn 8 x 8 checkerbogrd. These findings suggest that young

‘A
infants prefer a less complex stimulus. Haaf (1974) showed

that 5-week-olds fixated face-like patterns made up of 13

7 "

\
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elements significantly longer than more complex O}Lless coﬁ}%ex

face-like stimuli. Similarly, Greenberg and O'Donnell (1972)-

] '

:epérted that 6—weekiolds fixated checkerboards, dots, and

Qtripes of medium complexity significantly longer than when

these stimuli were of Iow and high levels of complexity.

A ~

Brennan et al. (1966) found similar results with 8-week-olds,
s . » 1 v

who fixated 8 x 8 checkerboards longer than 2 x 2, or 24 x 24

checkerboards. rThese‘studies showed that 3-week-old infants

» H
are’ most interested by stimuli of low complexity, while infants

qbetween the ages of 1 and 2 mOnths are most interested by

stimuli of <dntermediate complexity.

,fhe concept of compléﬁéty has been criticized because of
the difficulty of defining the term. In addition; Haith

f1980, p. 3) has pointed out that many féctons that can control

attentdon are often confounded with manipulations of complexity.

The confounds he cited were size and number of stimulus

S @ e

elements, stimulus area, brightness of the siimulus, and amount
of contowr, which is def&ﬁé& as the sum of tﬁe lengths of all
the. light-dark contrast gorders iﬁ a pattern‘(MaiSel & Karmel,
1958, p. 132). Kafmel (1969, 19%4) has suggested that the ‘

\pn .
contour density of-a stimulus is the factar that best explains

infant visual attention, where contour density is defined as ’

u-é;e amount of contour in a given unit of a stimulus's area

(Maisel & Karmel, 1978, p. 132). In_}eanalyzing Greenberg and

e

O'Donnell's (1972) results, Karmel (1974) shqwed that contour

G

density accounted: for 48% of the variance of fixation times

fop 6-week-olds. Further, Karmel (1969) showed that Bregnhan

-~ k3
[

%p‘
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‘et al.'s (1966)-findings @ib his developmental curve relating
mean fixation time to amount of contour. These findings éeem
to indicate that contour dengiﬁy is an important factor in
explaining yéung‘infants' visual fixations.

" Maisel apd Karmel (1978) investigatea age differcnces in
fixation time to stiﬁuli of thris,levels 6f cortour densit??
They foﬁnq thaf‘S— to 6-week-olds fixated low contour density
stimuli the lohgest, ag@{fhaﬁ 8~ to 10-week-olds fixated
intermediate contour dénsity stimuli'the longest. There werc
different results‘foradifferent patterns, however, even though -
pa?te;ns had been eqguated in contour density: ‘5-‘tg 6-week-
.0lds looked longest at checkerboards at all three levels of
contour density, while 8- to l10-week-olds logkéd longes at
concentric® circles at low leveis of contour density, and at

- checkerboards at the other levels. Greenbérg and O'Donnelil

(1972) also found pattern preferences in their stddyé the

{ , :
\ \J) \\ infants looked at dots and checkerboards longer than at

4

—

pes. Thus although contour density accounts for some

| Y

differences in infants' visual fjixations, patterns themselves
also have differential effects. - i -

'These studies show that as infants mature from 3 weeks to
. ' - . ( . .
N © 8 weeks, stimuli with greater contour density (or "complexity")

are .increasingly fixated. Other studies have fpund evidence

of such a trend with older infants. For examplc,‘Haaf (1974)

-

reported that "10~-week-old infants fixéped the most‘compiex

* Face-like stimuli the longést. ’ﬁfeenberg and O'Donnell (1972)
PR ’
found ‘that ll-week-olds fixated highly complex patterns-of

.“‘.‘\___‘__ .

&, »

. ° . .
L\/ l
t
N
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dots, checks, andﬂgt;ipes mofé than 6-week-olds did. In-
analyzihg @hese.data,‘karmel (1974) showed that contour density
N ' e
accounted for 82% of the variance of fi§étion time. in the 1l1-
week-olds. Karmel, Hoffman, and Fegy (1974) found that contour
density was related to~va;iations'in the'pqgiti§e cpmponégt
peak of infants' visual evoked potentials, and that as age
increased from 2 to 3 months, the maximum of the peak: shifted.
to stimuli with greater contour densities (p. 39). Thus not l
Qnly behavﬁoural studies, but physiological studies Shéw this
shift of attention with increasing age to stimuli with
increasing contour densities. Pipp and Haith (1984) have
recently proposed a refinemest of contour density called Contour
Variability, Amount, and Location (CVAL). This metric provides
a contour funttion weighted for £he‘shape of the visual field,
and the location and orientation of contour on the‘repina.
Pipp and ﬁaith found that CVAL was more accurate than contour
length in describing infant fixations to stimuli of various
orientations. |

An alternative to the various contour metrics in
accopnting fof infant pattern preference; over the first 3
months is linear systems énalysis. This model assumes that
perception of a pattern is based on the amplitude spectrum of .

LI Y

the pattern and the sensitivity of the visual system to the
ad '
spectrum (Gayl, Roberts, & Werner, 1983). The amplitude

spectrum consists of the contrast of a pattern being broken
down into sinusoidal components using Fourier-analysis. With

¢

linear systems analysis, Banks and Salapaték (1983) showed

_ v\\)// ,
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that as ‘infants mature t8<3 months of age, fhey prefer visual
stimuli of increasingly greater spatial frequencies (p. 498).
Thus' as infants mature from birth to 3 months, they show
changing visual preferences for patterns with increasing
contour density and spatial freguency. '

A primitive kind of form perception has been suggested to
appear at approximately 2 months of age. Infants showing this
ability can discriminate one form from another when each form

—is made up of identical numbers of elements, differing only in
arrangement. This is different from the ability to discriminate
between two shapes, such as a circle and a triangle, which is
pregent by at least 1 month (Milewski & Siqueland, 1975; .
Milewski, 1976). Fantz and Nevis (1967) showed infants four
arrangements of 25 squares: a circular arrangement and tﬁrce
large squiire arrangements, with the 25 squares ecither upright,
diagonal or in a random orientation. The arrangements were
equated for length of contour, area (anqvthUS contour density),
size and number of elements, light reflectance, and contrast.
They found that a group of infgnts tested betwegh 1 and 2
months of age showed s{g;ificant differences‘in attention to
the different pattern arrangements, with qlder infants showing
stronger preferences. This differentialﬂaitention was not
shown by infants younger than 1 month. Cohén, DeLoache, and!
Strauss (1979), however, have suggested that rgg;tign of‘the
elements might have produced thé differential attention in the’
Fantz and Nevis study, rather than'a differencg between the

forms as a whole.
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Vurpillot, Ruel, and Castrec (1977) also investigated
primitive form pérception in 21/2- and 41/2—month-old infants.

Subjects‘were_haﬁﬁtuated to- an idéntical pair of large crosses
made of nine small crosses,- and then were tested for inc;eased
attention to a novel stimulus paired with the familiar
stimulus. Infants were shown one of two types of novel
stimuli. One novel stimulus tested whetﬁer infants attendea
to‘tpe elements_ofla stimulus, which would be evidenced'by
increased attention to a large cross made of nine“small
squares. The other novel-stimulus tested whether iﬁfants
attended to the whole confiquration of a stimulus, which yould
be ébidenced by increased'attention to a large square made of
ﬁine small crosseé.‘ Size of the stimuli was also varied, with
half of the infants being shown "large" stimuli and the other’
half being shown "small" stimuli. The small crosses and
squéres weré half the size of those in the large stimuli.
Vurpillot et al. found that both 2'/2- and 4'/2-month-olds

showed increased attention to a change in configuration (large

cross to square) only for small stimuli (35-63 mm), and showed

increased attention to a change in elements only for large
stimuli (66~124 mm). The authors stated thqt the results fpr
the 21/2-month;olds must be qualified,’however, since these
infants showed little or no habituation to the fqmiLiar
stimuli, indicating that they had not completed processing'
‘the visual information. This study shows that for certain
sized stimuli, infants as young as 21/5 months may be able to

discriminate a change in element arrangement that makes a

-~
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di;@erent form. The results of this study, unfortunateiy, are v

-i;§éﬁ€aminated by lower-order variables. Infants may have made

the configuration discrimination on the basis of changes in

\

factors such.as figure size, figure position, or amount of

contour, since they were habituated to only one type of

stimulus. | ' - e
.Miléwski's (1979) study of form perceptign in é—month—olds

attempted to control these lower-order variables. 1In a high :

\d I8
amplitude nonnutritive sucking paradigm, iﬁﬁgnts were presented
with numerous changes in lower-order variables throughout ﬁ

habituation. Infants were habituated to two lengths of either

a triangular or linear confiquration of thrce|@hite dots,
presented in two podositions on the screen. This changing
habituation display thus desensitized the infants to éhanges
in'size, céntour'density, and position,jand encouraged them-.to
abstract the configuratioﬁal invariance of form. 'Following
habituation, infants were shown one of two types'of novel
stimuli. One group was shown the famil;ér configuration'wiﬁﬁ

new vertical dimensions in two new positions on ‘the screen.
Anot%er group was shown a new configurétion of the gamc lenéths_/

in the same positions of the screen ‘as the familiar stimulj. ’

Milewski found that infants»siénificantly increased suckiﬂ?.@o,
and hence discriminatéd, the configuration change, but did not

respond to the size and position chanéeL Thus the 3-month-olds
appear to have abstracted the'conﬁigurapional invariance of the

st{}hli despite changes in size, contour density, and position.

This study gives the best evidence to date of this more

+ Al

—
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sophisticated type of form perception in infants as young as
" 3 months. _ | .

Thg purpose of the prééeﬁt study was to'develép a
p;radigm based on Milewski's (1979) task that would be
suitable for home assessments of the deyglopment of form
perception between 2 and 3 months of age in fullterm and
preterm ¥nfants. Although this study only investiga;ed
fulltefm subjects at 2 and 3 months, certain aspects of the
procedure were designed to accommodate a future preterm
sample. Specifically, a visual habituation paradigm‘employing
portable equipment was used so that testing could be conducted
in the home to minimize squecﬁ loss. In qddition, a
mo@iﬁication of an infant-controlled trials procedure (Barrera
& Maurer, 198l) was used tolgive infants as much time as they
wished to videw tﬁi'stimulus on each trial. This is particularly
important for the testing of preterm infantg, because they need
longer familiarization @imes than fullterm infants of the same
poéthncepéional age~£o eﬁcode stimuli (Rose,'1980).

Stimuli in the present study were linear and triangular
<configu;ations of three white dots, as used by Milewski (1979). o
Infants Qere familiarized on two sizes of one configuration
for 26 trials, and then shown three additional types of
stimuli for test. The first type of test stimulus following'
the hab££uation trials examined whether the infant had
abstracted. configygational invariance. These generalization

stimuli had the sa configuration as the familiarization

stimuli, but differed in size and contour density. Infants



who showed the more mature response of abstracting
configuration would continue to habituate {generalize their
response) to the geheralization stimuli,

Infants who have abstracted co?figuration should also
dishabituate to changes in configuration. The last two types
of test stimuli thus had a different configdrahion than thel
familiarization and generalizatioh stimuli. One type of test
stimulus was a test for discrimination of a configurational
change in stimuli of the sahé vertical dimen;ions as the
generqliiation stimuli, The other of these stimuli was a test
for discrimination of a configurational change in stimuli of‘
the same vertical dimensions as the familiarization stimuli.
The difference in contour density between this second type of
test stimuli and the familiarization stimuli was similgr to
,&ag_difgerence in contour density between the generalization
and familiarization stimuli: The strongest evidence for form
perception in the paradigm thus is generalization of
habituation on the two generalization trials followed by
dishabituation on the first two configuration-change‘trialié
regardless of which typd~ef stimuli are presented.

Stimuli were projected onto two sections ot the viewer
screen to control for position cues in ;ﬁe discrimination of
novel configuration. The upper left andnupper right quadrants
of the viewer were used, because pilot testing revealed that
infants @id not habituate if stimuli weré preéented diagonally

(in the upper left and bottom right quadrants of the viewer).

Only the upper half was used because evidence suggests that



l1-month-old infants fixate well above the center of the visual

1 "
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field (van Giffen & Haith, 1984) , and pilot testing feveaﬂed
that 3-month-old infants looked significantly longer (p <.01)
at stimuli on the top half of the viewer than on the bottam. .

It was hypothesized that this test of form perception
would detect age differences in the ability to abstract
configurational invariance. Specificall&, ié was expected
that, as a group, the,infants at 12 weeks wouid abstract
copfigurational i;?ariance, as ‘did the l12-week-o0lds in
Milewski's (1979)“study. Mi{ewski's findings suggestad that
ifnfants showing form percepﬂ%én would, folibwing habituation
to-the familiafizatipn stimuli, continue to demqnstratc
habituation to the generalization stimuli, and dishabituate to .
the first two configuration-change stimuli. The group of
8-week-olds, on the other hand, was not expected to show such
evidence of form perception. These infants were expected to
dishabituate to the generalization stimuli because the&
differed from the familiarization stimuli in siza’and contour
density. Since form perception would not be expected to
emerge in all infants at precisely the same age, some of the
infants at 8 weeks were expected to show evidence of form
perception. It.wég*also ekpectad that the proportion of:
infants demonstrating the ability to abstract configurational
invaria;ce would increase from 8 to 12 weeks of age.

Method

éubjects

' Subjects were 20 fullterm infants born at 38 weeks}'S \ &

» L

f f ’ »

-
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days to 41 weeks, 3 days gestational age (M = 39.92 weeks);
Gestational age-was determined gy asking mothers tﬁéir
infants' actual and expected dates of birth. Infants were
tested at both 8 weeks (54-66 days, M = 60.2 days) and 12
weeks (84-98 days, M = 89.8 days) chronological age.

Subjects were obtained by letter from published birth
annduncements in the Montreal area, and from local members of

the La Leche League. Appéndix A preseneé the letter sent to

§ N 3 . \ 13
rents to golicit subjects, agd/fﬁg—zgnsent fbrm signed by
4 s

iﬂii_ggd/a mean birthweight of 3%83 6 g

(2807-3884 g), mean reportea 1-minute Apgar scoreg of 8.67

( all parehts. £
(8-9), and S-minute Apgar scores of 9.5 (9-10)._ Six of the
infants were first-born, and the rest were ‘born later in their
families (second to fifth). Mothers of the infants had'a mean
age of 32.9 yéars (24-42 years), and a mean education of i6.l
years (11-22 years). The final sample consisted of 9 females
and 11 males; 4 additional infantg were tested, but not used,
because of sleeping or excessive crying! The 20 subjects used
in, the final sample completed both the 8-week and l2-week
testing sessions.
Apparatus

Stimuli weré projected onto a 22.86 x 22.86 cm screen
from a built-in projectoy (Kodak Audio VieWér model 200). The
display was spown in either the upper left or upper right
gquadrant of the viewer. The center of each quq%i?nt was
separated b§‘11.43 cm horizontally and vertically. Thé viewer
was located 30 cm from the infant's eyes, and sat on a table

S

” o {
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66 cm from the ground. The height of the viewer was 35 cm.

A black wooden frame on top and-to the sides of the
] 4

viewer blockéd the infant's view of the two observers. The

o

frame was 29.5 cm wide on each side, and 29 cm high on top’of

the viewer. The observers watched the infant's eyes through

l-cm holes located in the side sections of the frame.

Two Radio Shack TRS-80 PC-2 pocket computers with
attached printers were used to time the infants' fixations to

0.1 sﬁ*'Fixation times were printed out at the end of the
-
~

N -

test session.
Stimulti

" The yggm-u; stimuli were two ﬁodalith slides of 2 x 2
black ané white checkerboards projec¢ted onto plack space.
Each checkerboard projected at a sf;e of 9 x/9 cm (16.70 Jik
visdal apgle), and occupied only eithe; the per left ort
ﬁpper right quadrant of the viewer (see Figure 1).

The experimental stimuli were 26 Kodalith slides of

',three white dots (diameter 1.2 cm on the viewer, 2%29° visual

~angle) projected onto black space.  The dots were presented

-]

.in a vertical, linear arrangement, and in a trianqular

7 AaN

arrangement made by moving the center dot Of the linear

-

]
arrangéﬁbnt to the right. Four sizes of each configuration

were shown. Line 3 and Triangle 3 extended beyond theix

quadrants by 1.5 cm vertically, and Line 4 and Triangle 4

~extended beyond their quadrants.by 2.5 cm vertically (see

Eigure.l). Table 1 presents the vertical size, horizontal
size.,, and contour density of the experimental stimuli.
'
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Figure 1. Sample set of. stimili (approximately one-tenth

of projected size).
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These stimuli were originallv intended to project at £he same

- ¢ . N
dimensions used by Milewski (1979), bﬂt all were changed

slightly when they were photographed. Stihuli were projected

at a visual angle ranging from 10.94° to 18.‘18o 'in the
3

vertical plane, and 2.299‘to 11.86O in the horizontal plane.
r v, *

Procedure - . . -

K

All infants were tested in their homes in slightly
darkened areas which were relatively free of distracting
visual stimuli (windowé, colourful pictures, eté¢}a Infangs
were seated in their mother's lap”30 cm away from the viewer.
Mothers wore covered sunglasses so they could not see the
slides ana thus could not cue the infant when the nature of
the stimulus changed. )

N Infants were tested in a quiet alert stafe,‘usuglly
i within 1 hour following aqfeedingﬂ ‘Oncé the infant and mother
were comfortably seated, a white slide.was shown to draw the
ihfdnt's attention to the viewer. When the infant looked away
from the viewer, the first warm-up %1ide was projected.

Timing of fixation started when the observers judged that‘the
infant was looking at the screen and éoptinued to a maximum

of 2 minutés‘until the infant ‘looked away. The stimulus had
to be reflected on the infant's pupils .in order for the
observers to deéide that the infant was looking. The slide
was nog advanced to the next 'stimulus until Eoth)observers
stopped tihing (indicated by saying "No"). Two warm-ué sl ides
were shown, the first in the upper right ahd the second 'in the

-

uppef left quadrant of the viewer. Slides continued to be



shown alternately in the upper right and left quadrants'

throughout the procedure.

Twenty famlliarizatron trials immediately followed the

1

two trials with the warm-up stimuli. Six males and four

\\‘\\\\#V/"_\females were shown the two smaller*triangles (Tl and T2), and ,
N\, . .

fibﬁ males and five females were shown the two larger lines

-

(L3 iand L4) (see Table 1) . These stimuli were presented in
an BBA/BAAB order, where A represents one size of the
.ﬁ/imulus, and B represents the other size. Each 'size of the

/

// famlllarlzat;on stimuli appeared flve times in the upper °

»

right and five times in the upper left quadrant.'Immedlately

’ v
following the familiarization trials, all infants received
two generalization stimuli (GS). These stimuli had the same\
configurarion as the familiarizateion stimqli,lbut differed in
size. If the infant was famil}arizéd on T1 and T2,

_generalization stimuli were T3 and T4. If the infant was'
familiarizea on L} and L4, generalirgtion stimuli were Ll and

J L2 (see Table 1). ' | - .

Q’ The last| four test trials were used to determine if

*; 1infants were‘r;sponding to form if generalization had ooeurred
in the generalization trials. These‘stimbli had a different !
configuration than the familiarization and generalization ~
stimuji. Two of the stimuli (CG) had a different .

}w‘ Eonfiguration,'but the same vertical size as the genoralization
stimuli. For infants famiiiarized on Tl and' T2 and tested for
generalization oq'T3ﬂ5nd'T4, the CG stimuli were L3 and LA4.

For infants famil%@riéed on L3 and L4 andrtésted for

i
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generalization .on Ll.and L2, the CG stimuli were Tl and T2.

;
Stimuli on the™®other two test trials (CF) also had a different
configuration, but were of the same vertical size as the

familiarization stimuli. Tﬁg&difference in contour density

betwegn the CF stimuli and the familiarization stimuli was

. similar to the difference in contour density be tween the

generalization and familiarization stimuli (see Table 2). For
infants familiarized on Tl and T2, tﬁe CF stimuli were L1 and
L2. For infants familiarized on L3 and L4, thp LF stimuli
were T} and T4. &Es order of presentation of the two trials
with the CG stimuli and thé two trials with the CF stimuli
was counterbalanced within each familiarizétion subg;oup.
Infants received one order of presentation of CF and CG .,
stimuli at 8 weeks,,ané éhe other order at 12 weeks of age.

Immediately following‘the test trials; the first
checkerboaré warm-up stimulus was again shown in the upper
right quaéfant to determine if the infant had continued to
attend to the task.

If the infant's attenéion was drawn away frqmpthe viewer
at any time during the procedure (e.g. by looking at his/her
feet or at the walls), one of the pbsérvers tried to reorient

. . .
the infant by tapping on the frame, or on the front of the
viewer.

If the infant cried or fussed in the middle of a trial,

timing of fixation was stopped.' When the infant settled, that

‘particdlar trial was star}ed again, and testing proceeded

I

normally. Pacifiers were often used to calm the infants, but

3

v



‘Pable 2 -

Contour Density Changes From Familiarization to Test Stimuli

Stimulus change . Contour density Mean
: changes change’

. 0y L ‘\\
. ;
Familiarization to GS

Triangles 1, 2 to Triangles 3, 4 - .87, .41 .64

Lines 3, 4 to Lines ¥, 2 -.56, -.35 -.46

Familiarization to CG
Triandles 1, 2 to Lines 3, 4 .33, -.16. 09 .

Lines 3, 4 to Triangles 1, 2 » T =,33, .16 . -.09

'Familiarization to CF

Triangles 1, 2 to Lines 1, 2 ~-.23, -.51 . .37
Lines 3, 4 to Triangles 3, 4 .54 .57 .56
. . | .
mv
A /
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were taken out once the infadf settled. 'If crying persisted,
the pacifier wasAleft»in the infant's modth. If the infant
interrupted more than three triatls, teéting wa§'term1nated.

Observer reliability 'was calculated fog each subject at
each age using both Pearson product moment corrclation

coefficients and percent agieement. The overall mean Pcarson
. . ,

correlation coefficient for the two observers' recorded

fixation times was r = .98 (range = .88 to .99). Mean
reliability for the tests of infants at 8 weeks was r = .99,
and for the tests at 12 weeks was.£ = .98. Percent agrcgmcnt

was defined fas number gf agreed~-upon trialé divided by totél
number of trials in a test sessig;. The two oObservers were
scored as.being in agreement if théir fixation times per trial
were within 0.5 s of each other: ‘The overall mean pcrcent
agreement was 65.4% (41%—85%); Mean,percent agreement for tﬁe
tests. at 8~weeks was 60%, and for the tests at 12 wecks was
70.6%. |
Results

The results are based on infants' fixation times to the
slides presented: An infant's fixation time on each trial was
an avefage‘of the recordings of the two observers. These data
were then averaged into blocks of two trials, yielding ten
blocks of\familiarization, one\block of generalization, and
two blécks of cohfiguration—chanqg trials. All analyses were

conducted on log transformed data because the distributions

v ['br;»
were positively skewed, and the variances were found to be

heterogeneous . (in every case the Fmax statistic generated a p

»
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value of less than .0l1). Table 3 presents thé means ana
standard deviations of the log scoées for the infants at 8 and
12 weeks. ‘Scores Lp%luded are: the first warm~up slide, the
firgt and last familiarization trial blocks, the %
generalization and two configuration-change trial blocks, and
the post—tes£ slide. Appendix B presents the individual raw
scores for all of, the trial blocks. ‘Although a number of

analyses of variance were performed on the data, the alpha

level was not adjusted to prevent false declaration of a non-_
. . o

“significant difference in situations where no difference was

the desired effect, such as generalization of habituation. .
A preliminary analysis was conducted on response to the
checkerboard stimuli to verify- that the infant's attention was

held throughout the task, and therefore that any habituation

was ;not due to fatigue. A 2 x 2 repeated measures analysis ol

variance was conducted with Age (8- vs. l2-weeks) and Trial
(first warm-up slide vs. posttest with the same slide) as
within-subjects factors. The, source table for this analysis
is presented in Table 4. The analysis revealed a margdi
significant main effect of Trial, F (1,19) = 7.20, p <.05.
This indicated that infants at both ages looked longer at the
last slide (M = 0.96 log s) thaﬂ at the first slide (M = 0.68
log s). Thus there was no evidence of fatigue or loss of
interest ih the task. The main effect of Age and the Age x
Trial interaction were not significant.

The first major analysis examined whether infants

habituated (decreased fixation time) from the first to the
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Table 3

Mean Log Fixation Scores for the Pre and Posttest Trials, and

¢

Initial and Final Familiarization, Generalization, and

Configuration-Change Trial Blocks B

"‘

Pre Fl F10 GS cl c2 Post

8 weeks )
M .80 1.11 .97 1.00 1.08 .88 1.06
’,) SD .57 .46 .34 .29 .26 .29 .42
12 wee ks ~
M .55 .87 .54 .55 .71 .75 .86
'SD . .51 .51 .30 .38 .44 327 .30

t+ / ——

/‘h

A



» Table 4

N i

Analysis of Variance of Log Fixation fcores for First Pretest
; "

N

- Trial and Posttest w1th-Warm—ug;§timu1us

Source ' ‘ SS df MS

S8 af MS E
Age (A) . = 1.071 1. 1.071 4.23
Error ' 4.817 19 .254
' N
Trial: Pre vs. Post (T) 1.622 1 1.622 7.20%
Error . 4.278 19 . .225
Ax T ©.010 1 .010 .07 .
. Error 2.601 19 137
*R<005 .
( 1



last familiarization trial block, and generalized their
response to the generalization stimuli. It ook the form of

a 2 x 3 repeated measures analysis of variance with Age and \\\

A)\
Trial Block (first familiarization vs. last familiarization

Vs. generalization) as within-subjects factors. The source
b 9

table for this énalysis is presented in Table 5. The analysis

? ~

of variance revealed a significant main effect of Age, F (1,19

= 33.93, p«¢.001, and a marginally significant effect of Trial

3

Block, F (2,38) = 4.52, g'<.05: Contrary to expectation,
there was no significant Age x Trial Block interaction. The
Age effect showed that the infants looked significantly longer
at- the stimuli at 8 weeks of age (M = }703 log s) than they

' ¥
‘did at 12 weeks (M = 0.65 log s). Comparisons were performed

t 9 Q, -
on the Trial Block effect using a Lgast Significant Differences

test which follows a significant F (Keppel, 1973, p. 135). The
/

LSD test was used becauée it gives a sensitive measure of non-
sign;xicanceyin situatiéns whereﬁﬁpn—significance is the
desired effect (e.g..generalization). The first comparison
showed that infants looked at the last familiarization trial
block (M = 0.75 loé s) for a significantly shorter time than
at the first familiarization trial block (M = 0.99 log s),

Pp<.01. Thus the existence of habituation was confirmed.
. N

The next comparison indicated there was no difference in
N

»

fixation time between the last familiarization trial bleck and

the generalizétion trial block (M =0.78 lbg s), p>.05. This

finding indicated the existence oﬁgggneralization of ~

>

habituatiapn. -
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e, Table 5
Analysis of Variance of Log Fixation Scores for Initial
Familiarization, Final Familiarization,' and Generalization
Trial, Blocks . ‘ '
{
source ' ss af . ms E
Age (a) ‘ 4.293 1 - 4.293 - 33.93%x
Error 2.404 19 .127 '
Trial Block (T)-  * ©1.303 2 .52 4.52%
Error ‘ 5.477 38 °© '.144
L % . * ¢
Ax T .222 o2 J111 .89
Error 4.709 38’ .124 ‘ °
M N .

*p<L 05 **p<.00l1
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/’ﬂ\\\\s, A further analysis of the habituation data was conducted
to verlfy that the habituation trend was similarlat bbth ages.
This was necessary because the prior analysis, although it
%howed no Age x Trial Block interaction, had only examineé the
%&rst and last trial blocks .of familigg&zation. K.Z(x 10
repeated measures analysis bfivariance was conducfed\with Aée
and Familiarization Trial BlocK\VI'Fhrough 10) as within-
subjects facéors. The. source table for this analysis is
presented in Table 6. The analysis reyea&ed significant main
effects of Age, F (1,19) = 59.61, p <.001, and Familiarizdtion
Trial Block, F (9,171) = 6.08, p «.001, but a -nonsignificant
Age x Familiarization Trial Block interaction. The Age effect
again showed that the infants fig;led the familiarization
stimuli significagily longer at 8 weeks of age (M = 1.b4 lgg g)
than they did at %2 weeks (M = 0.63 log s). An orthogonal
X

polynomial trénd analysis }ndicated that‘qﬁe Trial Block effect
was ‘primarily attributable to a significant linear trend,

(1,19) = 22.33, p «<.001, that reflected decreasing fixation

~.

times across trial blocks. The analysis also revealed the>,

N

existencé of a marginally significant eighth-order .trend,
F (1,19) =35,00, p« .05. Figure 2 shows the habituation trend \

for infants at both 8 and 12 weeks. o

3
o

The next stage of the analysis examined how infants

responded to the test stimuli. The first of these analyses

tested whethef/infants dishabituated from the generafization
[ I BN
trial block to the first and second configuration-change trial

L

2 blocks. This test took the form of a 2 x 3 repeated measures—



:Table'G-

Ahaiysis of Variance of Log Fixation Scores for Ten

Familiarization Trial Blocks
<3

- L] ’
Ld \ .
» Source - S \SS} af MS - F -
" Age (A) o vﬁii;go . 1 16.350 . 59.61%
\ — , ,
. Error , ~ ’ 5.210 19 .274
~ . 4 ' 4 i ' St
‘ Familiarization Trial ‘Block (T) 4.754 = 9 .528"  6.08*
Error . ‘ 14.864 -171 . .087 - .
N i -]
AxT . 574, - 9 ' w .064 .60
Error . 18.239 171 .107
*p <.001 ‘
R <.00 ) — (,ggv P
s A
. (1 _’ ,
® ‘ 3
»
v - ‘ 1
‘ .- ;
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Figure 2. Habituation trend across familiarization tria]
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blocks for infants at 8 and 12 weeks.
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analysis ‘of variance with Age and Trial Block (generalization

34

VS. fir;t configuration change (QI) vs. second configuration
change (C2)) aé wi;hin—subjects factors. The source table for *
this anal&gis is presented in T;bbe 5. The analysis revealed
a significant effect of Age, E (1,19) = 15.31, p <.001, which
indicated that the infants fixated the test stimuli L s
significantly longer at 8 weeks of age (M = 0.99 log s) than/
'thy.aid a£‘12 weeks (M = 0.67 1log s)u The main effect of
‘Trial Block @as not significant. ‘fhe Age x Trial Block
fﬁteraction was siéﬁificanﬂ, ho&éver, F (2,38) = 7.*5, f1<-011

and is shown in Figure 3. The interaction was explored

through the use of a Newman-Keuls post-hoc comparison. The

-

.Newman—Keﬁls test indicated that at 8 weeks, infants did not

N\

increase their fixation’time from the’generali;ation trial
Block Lo the first configuration-ghange trial block, bdt
sRowed a marginally significant decrease in fixation time
froqueneralizatign to ;he second configuration-change trial
block, p« .05. At 8 weeks ihfants also showed a significant
decrease in fixation time froﬁ the first to the second
coﬁfiguration—change trial block, é-<.01.” On the other hand,
the Newman-Keuls test indicated that at 12 weeks the infants

“

<
showed a marginally significant increass in fixation time

N

\. v
from the generalization trial block to ths.first configuration-

change trial block, p« .05, and a significant increase in

fixation to the second cpnfiguration—changé trial block,
p¢.0P, bﬁ% no difference in response between the first and

second configuration-change trial blocks. Thus the hypothesis

Y -~



Table 7

.

Analysis of Variancg‘bf Log Fixation Scores on Test Triéls

,../—-\’ (]
‘ ) I'\ ' .
Source: ~ SS d_f MS:- ¢ FE
Age (A) ‘ 3.014 2.)1 3.014. 15.31%%
Error ' _ ‘ 2 | 3.740 19 .197 . -
Trial Block: GS vs. Cl vs. C2 (T)  .304 27 - .152 1.59
', Error to. . 3.641 7 38 .096
Ax T . .568 2 .284  7.53%
 Error / o 1.433 38 .038 :
" *p <.01 *%p <,001 _ B ’
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»
that evidence of form perceptiQn would be obtained for iz-week
group d;ta, but not for B-Qeek group data, was supported.

The second analysis of test stimuli examined whether
infants responded differently to the two types of
configuration-chaﬁge stimuli: one the same vertical size as
the familiarization stimuli (CF), and the othe;zthe same
vertical size as the generalization stimuli (CG). Inspection
of the data suggested differential fixation of the CF and CG
§timuli. In order to examine dishabituation to the CF and CG
stymﬁli from a baseline of fixation to the generalization
stimuli, the log fixation score for the GS stimuli was
subtracted from both the CF and CG log scores for each infant.
Thus the dgga analyzed for CF and CG were change scores. The
mean changeiﬁéores and their standard deviations for infaﬁts'
at both ages are shown in Table 8. Data were analyzed
separately for each age group because of the Age x Trial lock
interaction obtaiﬁed in the previou§'ana1ysis. ®

The analysis of the change scores took the form of a
2 x 2 analysis of var}ahée, with Trial Block (Cl vs. C2) as a
within-subjects factoﬁ, an6—Stimu1ué'Group (one group whoﬁgaw
the CF stimuli first a%d the CG stimuli second vs. another
group who saw CG first ;ﬁd CF secoﬁd) as a between-subjects
facté?. If the CF and CG stimuli were responded to
differently, we would expecé to find -a significant Stimulus

. ' 3

-The source table for the 8-week data is presented in

Group x Trial Block interaction.

—

Table 9. At 8 weeks, qnly the Trial Block main effect was

-

i
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Table 8

» -

Mean'C.hange Séores From GS Log Fixation 'I‘ix'ne ‘for CF and CG

Stimuli LY ’ .
’ Ll
B} X
SR e CE
cL c2 e« c2
8 weeks ‘ ’ ] ‘
M' 020 —.14 —-04 . ,--11
\ © sD . .39 .38 B3 | .39
12 weeks ‘ ' “ -
: M .20 .13 12 . .27,

' 8D .37 . .33 .44 T3l

4
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Table’b

'

' ' Analysis of Variance of CF and CG Change Scores as a Function

,of Stimulus Group and Trial Block for 8-Week Data
v

-

a

Source Ss af Ms F
P ’
Stimulus Group: CF first vs. ¥ .
CG first (SG) .202 1 .202 .95
Error . 3.816 18 .212
" Trial Block: C1 vs. C2 (T) .416 © 1 416 + 6991*
SG x T K ... .108 1 .108  1.80
* Error - a 1.084\\ 18 .060
. .
*p< .05
-0
\ >
13 .&ﬂ“'
. Y
. W
, /
J
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marginally significant, F (1,18) = 6.91, p< .05. It reflected
the fact that ‘the infants showed signifiéantly greater
dishabituation to the first configuration-change stimulus

(M change score = 0.08 log s) than to the second (M chénge <\\/

n

score -0.13 log s). Neither the Stimulus Group-effect, nor

the Stimulus Group x Trial Block interaction was significant.

\
The source table for the 12-week data is presented in Table

o . 10. Analysis of the 12-week data revealed honsigniqgééﬁt«main
™ effects'of Stimulus Group and Trial Block as well as a
\“"“’“""\Mqonsignificant Stimﬁlus Group x Trial Block intefactioni Thé

. lack of signific;nt interactions indicates that the infants
at 8 and 12.weeks did not respond differently to the CF and

.CG stimuli,

Since it was exéected that more of the infants at 12
weeks would show.evidence"of form perception than at 8 weeks,:
and _since group means do not always reflect individual
4;:;:rmance, it was necessar& to assess the resbonses of
individual infants. The data of each infant were examined
for evidence of habituation, generalization, and
dishabituation to tﬁe first configufation-change stimulus. T
The performance criteria for evidence of form perception were:

'Habituation -- at least a 25% decrement in log fixation time

from the first ¢c the last familiarization trial block (see

Appendix B for the percent decrement in habjituation for,

individual infants); Generalization -- a fikation time to the

generalization trial block which was shortef, or no morc than

‘r

5% longer than to the last familiaFization trial block; and



Table 10
>

s .
Analysis of variance of CF and CG Change Scores as a Function

-

of Stimulus Group and Trial Block for 12-Week Data

- . . :
§$irce s af Ms E
Stimulus Group: CF first vs. .

CG first (SG) .128 1 +128 .65

Error 3.54? 18 .197
Trial Block: ,Cl vs., C2 (T) .014 1 .014 .20
“SG x T ] - .012 1 . . .012 .16

Error 1.285 18 .07l

, _
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dishabituation from the gene?alization to the first
configuration-change trial blocks (any increage in fixation
of moré than 5%). Examination of the data revealed that 10

of the infants at 8 weeks habituated according to the
‘criterion, Only 2 infants ﬂboth female) of tﬁese 10
generalized their response to the generalization stimuli and -
dishabituated tolthé first configuration-change spimulus
(Dishabituation M = 142%, range = 128% - 156% increase in
response), thus abéa;éntly showing évidence of form perception.
The other 8 infahﬂngho habituated to the familiarization
stimuli dishabituated to Fhe generalization stimuli
(Dishabituation M = 54%, range = 10% - 500%)ﬁ At 12 weeks of ,
age, 12 infants habituated according to the criterion. Five
of these infants genéralized their response to the
generalization stimuli, and all 5 (4 female, 1 male)
dishabituated éb the first configufatiqp-change trial block
(Dishabituation M = 395.8%, range = 17% - 1250%), thus
/apparehtly showing evidence of form perception. ”A?LZ test of
association between gende; and number of infants demonstratfng
form percéptionvat 12 weeks was not significant, x? (1, N=20)
= 3.29, p» .05 (xz = 3.84 required for significance at the .05

level when df = 1). The other 7 of the infants who habituated

at 12 weeks dishabituated to 1{;&jeneralization stimuli ?3

~(Dishabituvation M = 105.43%, range - 16% - 433%). Thus 10% of
the infants at 8 weeks, and 25% of the infants at 12 weeks
showed the pattern of’responée suggesting form berception.

There did not appear to be any difference in age between the

3
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infants who showed evidence of form perception at &igiven aéé

and those who did not. At 8 weeks, the mean,chronologicallage
of the two infants showing evidence of form percept%on was 63
days, and their mean corrected age. (age from expected date of
birth) was 58 days. The 18 infants not showing evidence of
form perception had a mean chronological age of 59.9 days, and
a mean corrected agel]of 59.8 days. At 12 weeks, the 5 infants
showing form percepﬂion had a mean chronoioéical age of 90.4
day;, and a mean corrected age of 89 days. The remaining 15
infants had a mean ehronologidal age of 89.6 days, and a mean
corrected age of 89.3 days.

) Discussion .

The results indicated that‘et both 8 ana,lz weeks of age
infants ehoweﬂ eignificantly less fixation of the stimuli on
the final than on the initial familiarization trial block,
thus showing evidence of h?Pltuatlon. At both ages, infants
did not show a significant increase in fixation to the
generalization stimuli, indicating that changes in vertical
size of' the stlmulz.were not sallent to them. When the
conflgurat10n4of the stimuli changed on trial blocks Cl and
C2, 'however, the infants only dlshabituated at the age of 12
weeks. This pattern of response confirms the prediction that
12-week-0lds, as a group, would abstract configufation from
the task. At 8 weeks of age, the infants responded differently
to the configuration-change stlmull. Eight-week-01lds showed

similar and signlflcantly decreased flxatlon to trial blocks

Cl and C2, respectively, relative to the generalization

7%
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stimuli. This pattern of response seems to show that
configuration is not salient to infants at 8 weeks, .and
confirms the prediction that 8-week-olds, as a group, would
now show eviéénce of form perception. These results support
the Maurer and lLewis (1979) suggestion that rudimentary form
. perception is possible soon after 2 months of age, and are

T

consistent with theiF theory of neural maturation. The

7

findings of the brgsent study could also be accounted for by
maturation of cortical-subcortical pathways after 2 moenths ;f
age (Atkinson, 1984). '

One methodological issue in the current study was that ¢
there were no controls for either random fluctuation f;om
trial block to trial bloc%, or for continued habituation on a
hypothetical Fl11l triél block. A lagged control procedure'in'
which half the infants at each age received two additional
familiarization trials before receiving generalization and |
_ subsequent test trials might provide more sensitive bases of
comparison for both the test of generalization and the tests
for detection of a_change in configuration. The only drawback
to such a procedure is that because of the great inter~-subject
variabflity, it would necessitate incréésing sample size. An
alternafive procedure might be a statistical control in which
the habituation trend is projected for two additional trials
to provide albasis of comparison for the gegéralizatioh test
trials.

A second methodological issue in the study was that there

was no evidence from the group data of the infant's ability to

¢
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discriminate between the familiarization and generalization

stimuli, which differed in both vertical siée and contour
density (see Tables‘l and 2). There is evidence in the
literature, however, that young infants can discriminate
very small changes in vertical size and contour density.

For example, 2-month-old infants have been shown té be able
to discriminate between a grating of 2-3 cycles/degree and a
homoge neous background (Bank & Salapatek, 1983). This means
that they are able to discriminate changes as small as 0.5°
visual angle, and thus should easily be able to detect the 6°
change in visual angle between the vertiégl ;ize of the
familiari;ation and genegalization stimuli, 1In addition,
Karmel (1969) has shown that 11- to l14-week-old infants
respond differentially to stimuli with differences in contour
density similar to those betweenlthe familiarization and
generalization stimuli in the present stgdy. As well,
Milewski (1979) found that 3-month-olds were capable pf even
smaller size and contour density discriminations than those
used in the present study, although his subjects may also

have been responding to changes in the position of the

stimulus on the screen. Finally an examination of the

{

individual responses of our subjects at 8 weeks, revealed
that 8 bf the 10 who ﬁabituated to the familiarization
stimuli, dishabituated to the generaliZation stimuli, and

thus apparently perceived the generalization stimuli as

A
a N e

different. H

The findigg of the ability to abstract configuratioqpl
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invariance in the 12-week-old infants in the present study
replicates Milewski's (1979) results. He also found E&:t
3-month=o0lds couid abstract configurational invariance from
visual stimuli very siﬁilar to §he stimuli of this study.
Mile%sk& used three groups of infants Eo demonstrate this
effect: one shown a configuration-change stimulus in the
test trials, another shown a stimulus of the same
configuration but in a different size and position (similar
to the generalization stimuli in the present study), and a
third group shown no change in the test trials."ﬁ On average,
infants shown the configuration-change stimulus dishabituated
their sucking responsé, while those shown the size- and
positionfchange or no change generalized thei} response.
Milewski concluded that these findings Sho@ed that 5-month-
old infants could abstract éonfiguration. Milewski's
subjects, however; were not required to show the full
response suggesting form perceptiqn, that is, both
generalization to the same configurat;on, and dishabituation
to a configuration change. This more str;ngent respose
criterion ensures that the infant has abstracted
configuration, For example, had the criterion for form
perception in the presené study been only dishabituation

(a 54 or more increase in fixation) to a configufation-
change stimulué, 3 more infantg at 8 weeks, and 3 more at

12 weeks of age would have shown evidence of form perception.

?
These infants, however, also dishabituated to the

. ] ‘
generalization stimuli, suggesting that they had not

-

Y

Y
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ed‘éénfiguratlon. gpus a problem with Milewski's
(1979) between-groups demonstration of form perception is
that some of the infants may not have been fespondiné te‘
configuration aione. |

Examination of individual data also suppofted
predietiOns.‘ Ten percent of the infants at 8 weeks showeé
the pattern ef response sugfesting form perception, while at
13 weeks, 25% of the sample did so. Thus the prediction ehat
more infantshat 12 weeks of age would show evidence of form
perception than at 8 weeks was conflrmed. . The infants _

9

show1ng form perception were not older in terms of
chronologlcal‘or postconceptional age than those infants noiqhv
showing fotrm perqepeion. There was a tendepcy for more J
females to show evidénce pf form perceptien than males. ‘An

éqamination of group data for 8 males and 8 females matched . \\

v <

for stimuli seen suggested thaﬁ)malee‘tended to show

essentially_an equivalent response aeross test trials, while

females tended to generalize to tbe generalizatien stimuli,..

then dishabituate to‘the first ;onfiguration-change trial *\\\\\\\\\
block, which/IE evidence of formuperception. This tendency

towards a gender difference in the form perception task is

consistent with evidence that females are more neurologically
" mature ﬁhan males of the same biological age. Tanner (1974) .
reported that at birth, females are 1 week to 10 daye more

.mature than males, as measured by evoked potentials and

conduction velocity of the peripheral nerves. Caron, Caron

and Myers (1982) also found that ‘18-, 24-, and 30-week-o0ld
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' block might suggest a loss of attention to the task. The

- 48
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femaleslwere superior to males in their task of abstracting
facial expression. , '

Although the task of the'presept sfud& showed definité
age differeﬁces in group response to the configuration-change
stimuli, ghe age diff%rénces did not occur in ail the areas
that they were expectedqto. Specifically, the 8-week-olds

were not expected to generalize their response to the

S —

"“‘%Tgeﬂeraiiiiﬁfﬁﬁfggzﬁhli because they differed in size and

'conﬁou{ density from the familiarization stimuli. Since the
"infants at 8 weeks did not dishabituate to either
configuration-éhange trial block, their geqeraliéatidh
responsé does not appear to reflecg abstractiop of .,
configurat;onal inva;iance. If the- 8-wegk-0lds were
responding . to changes in-either size or contour density, they
would have dishabituated to the generalization stimuli, and
to the CG,or CF stimuli, respectively (see Tablés 1 aga 2),
which they d}d not. The sighificant decrease in fixation
time that was shown to the secoga configuration-change  trial

/

. R .
increase in fixation ghown by both age groups to the posttest)

2 /
slide (in comparison with the pretest slide), however, ‘/

t .
argues against this interpretat . / ’//,,—._,,,//
) Thus the group of infants-at a\gii_' peared to

/
habituate, genkralize their response to the generalization
»
stimuli, fixate the first configuration-change trial block
, ( ) ’
at the same level, and then resume habituation to the

second configuration-change trial.block, despite changes:in
' - {

/

@
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“ | 1

configuration, size, contour density, and position of the
stimuli on the viewer. This type of response suggests that
the infants at B weeks were habituating to the pattern merely
as three white dots, and is consistent with the notion thét‘
_they héd‘ﬁbt abstracted form.

‘A further novel stimufus could be added to the display

to determine more exactly what the infants at 8 weeks had

/

o

abstracted from the task.‘ Suéh a stimulus could be a slide
with a different number of dots. Strong dishabituation to
this stimulus would confirm that é-week—olds, in this task,
abstract numerical invariance. Other authors have shown
that infants are sensitive to num%rical constancy.\ AnFell
and Keating (1983) found that neonates could discriminate
between two- and three~dot stimuli, and Treiber and Wilcox
(1984) found that 4-month-olds could discrinminate between

(—

four- and five-dot stimdli. 3 .
The group data thusl;uggest that th; visual hahituation
task is a good one for yielding infOfmatiop about the
deve lopment of the .ability to abstract céﬁfigurationad
invariancé. The group results show that the- infants at 8
weeks did not abstract configuration from the stimyli, and .
sugggft that they are responding to the stimuli's numerical
invariance. These findings may mean either. that
configuration is not peréeived by infants at 8 wéeks, or
that it 1is perceived but not salient to ;he infants. At'lz

weeks of age, the group results suggegf that thq‘infangs

_have abstracfed configuration, because they habituate,
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generalize their response to the genéfaﬁization stimuli, and
dlsh;bituate to the cbnfiguration-change stimuli.

The visual habituation task used in the present study
also discriminate% 8- from 12-week-olds in length of fixation.

1

The infants at 8 weeks 1doked siqnificantlyrlonger at the”
experimental stimuli than they did at 12 weeks. Other‘authors
investigating visual behaviour have also found similar age
differences. for example, Bomba (1984) found that 2-month-o1ld
infants looked longer at stimuli of various orientations than
3- or 4-month-old infants. 1In an angular relations task, .
Cohen and Yqunéer (1984) found that 6-week~o0ld infants fixated
stimuli significantly longer thén l4~yeek-olds. MeCarvill and
Karmel.(1976) found that 9-week-old infants fixated’;gndom and
redundant checkerboard patterns longer than 13-weekiolds.

Ehis longer lobking time has been sugge§ted’to indicate that
yodnger’infants tak? longer to encode visual stimuli (Werner

& Perlmutter, 1979, p. 23). -

Another finding of the present study was the 1a;k of
correspondence between grouped and individual data. Although
log scores were used to reduce variability, the variance of
the écoreé was still high. (see Table 3 for standard
deyiations). The high varianceysugzssis that‘few infants
reflect the group mean. For examfle, only 25% of the infants

2
at 12 weeks showed the full response suggested by the group

I
mean. This may be ‘due to the fact that infants \had to
demonstrate three specific responses in or?ér to show

evidence of form perception. The low success rate is thus
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centeé&@ in each quadrant. A more central locatioh\for #he’

not unexpected due to these stringent criteria:

As well, 10 infants at 8 weeks, and 8 infants at 12

,

weeks did not habituate according to the criterion, although

the}dﬁ;I;Qis showed that both ege groups habituated

significantly. This lack of habituation on an individual
level may be due to the complexity of the task. Infants were

expected to habituate to stimuli that changed on a number of

. . % ;
levels: 1in size, contour density, and position on the viewer.

?

These factors also may have contributed to the fact that the

. o . \\

slopes of the habituation curves were not steep. Other

L

studies tht habituated infants to multiple exemplars of a

category Qid not present the stimuli in as varied locat ions

as the present study. Fo; example, in their study of neonatal
perception of numerical invariance, Antell and Keating (1983)
presented the dot stimuli centrally, and showed two lengths of
lines. However, the stime£2 in the present task cannot be

shown in one location, because infants could then use the

] position of the dots as a cue to discriminate a éonfiguration

change. Perhapse#he two locations of the stimuli could be

moved closer to the center of the viewer instead of being

two stimuli would thus allow more infants to keep their
i .-
attention to the task and might allow more infants to ~

., habituate. It was also noted‘gpat some of the in@ants at 12

weeks fixated the stimuli for short periods of time. Perhaps
the stimuli could be presented in a bright colour such as

ye{}ow, instead of white, to capture the infants' attention,
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. . .
and thus encourage longer initial fixations. These
modifications of the task should~make‘the'slopes of the
habituation curves steeper, and would allcw more infants to

show habituation. If nbre infants habituate, the form -
perception task would be more sensitive ;ecause the responses
to the generalization and configuration-change test trials
would be more meaningful.

fhe results indicate that the visual ‘habituation task
used in the study is-useful in discrlminating between 2- and

3-month-pold infants in the abstraction of configurational

invariance. As predicted, infants at 3 months showed the

_pattern of response suggesting form perception, whiie they

did not at 2 months. - The stringent response criteria for

Al

eviéence of form perception (habituation, generaliiatdcn of'

]

response to generalization stimuli, and dishabituation to

. configuration-change stlmull) must remain in the task so that

researchers can be certain that infants have abstracted
configurat;onal invariance. Stimuli should be presented }n
a bright colour and .closer to the center of tne viewer to
encourage more infants to-habituate. In addition, a‘noyel
slide of four dots should be added following the

configuration-change stimuli to determine;whether 8-week-'-

oldsg, who'continue to generalize'their response through the

test trials, have abstﬂacted numerical invariance from the

2R

S

task. . This form perception task should be used in a cross-
sectional study of 2- and 3-month-olds to ensure that the age

differences in response seen in the preeent study are not due

"
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to prier exposure to the stimuli or to the te§t°experience
itéeaf.‘ The cross-sectional study would also allow
investigation of the proposed modifications of the task.

It is suspected that the evidence of form perception
showﬁ by the group of infanﬁs at 12 weeks was not:due to
practice effecfs or experience, but to maturafional factors.
Fantz and Fagan (1975) have shown‘that\changes in infant
visual response.to pattern over the first 6 months of life
occ;r as a' function of biological, rather than experiential
factors. The form perception task thus appears to be usgfuld
in showing a Hevelopmental change that reflects neural
maturation from 2 to 3 months of age. The task could be used
in an examination of the rate of neural maturation of preterm,
as compared to fullterm, infants at these ages. The task
would examine whethéi preterms tested at corrected ages (age
from‘expected date of birth) would show the same responses to.
the stimull as fullterm infants. Further,*the results of each
preterm coUld be examined to determlne whether the proportion
of infants‘showing form perception is equal to‘that'of the
fullterm sample. lAnother study conducted by our laborato;y‘
(Taylor. & Potvin, 1985) showed‘that preterm infahts with no
medical complications differed from fuliﬁgrm infants on a
task reflecting functioning of a sub-cortical mechanism and

development of cortical-sub-cortical connections at 2 months

postconceptional age. The use of the-present task with a ——

. preterm sample would provide additional information about the.

differences between preterm and fullterm infants in cortical

-functioﬁing. -

/‘T\
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Dear Parent, .,

P

-

{

_ I'noticed in the birth announcements of The Gazette that
you have recently had a baby. Congratulations.. As a graduate
student at Concordia Unlver51ty who is d01ng research _with
infants, I would like to kfow if you aré interested in having
your baby take part in a study we are conducting. The
research investigates the dev€lopment of form perceptlonfln
2- and 3-month-old infants, -&hd will constitute my Master's
thesis in Applied Psychology. This study is under the super-
vision of, and supported by a grant to Dr. Nancy Taylor,
Associate Professor of Psychology.

The study will involve showihg babies a series of slides
of 3 white dots. The dots will be arranged to form smalkl and
large lines and triangles. The amount of time babies ‘spend
looking at each slide will be timed.: The information obtained
from the study will tell us the kinds of changes in form that
young infants can discriminate. .

The study will be conducted in your home, rather than in
a lab, to ensure that each baby is comfortable,, and to avoid,
extra work for you. The testing will take no longer than 45

minutes. //’ ] : .

if‘you are interested in participating in the study, or
have any questions, please call me (Nikki Pawliuk) as soon as
possible: . '

N .
.. 484-7944 -- evenings - >
879-4146 -- Congcordia University
‘- ) . (please leave a message)
Your help would be greatly appreciated.
- ‘

/I . L, ’ ' s /

Nikki Pawliuk \
rd N

P.S. 1If this let€e¢t has reached the wrorg address, please \\
excuse the inconvenience.

—

Vi

»*
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- ' \ .
"\\V/////%ﬁ\h —~ Consent Form .

'The purpose of this research is to compare the responses

. of -2- and 3-month-old babies to changes in v¥sual-form. This

- experiment is the first stage of a larger project which will

investigate the performance of preterm and full-term infants.

i It will constitute the Master's thesis of Nikki Pawliuk, a

graddjte student in Clinical Psychology at Concordia University.

The research is under the supervision of, and supported by a

grant to Dr. Nancy Taylor, ,Associate Profsssor of . Psychology.

Infants .will be shown a series of slldes of 3 white dots,
and the amount of time they spend looking at each slide will
be: timed. The dots will be arranged to form smaller and larger
lines and triangles. The information obtained from the study
will tell us the kinds of changes. ‘in form that 1nfants at these
ages can discriminate. . .

The research will be conducted in 2 visits to the infant's

home: one at age 7-8 weeks and the other at age 12-13 weeks.

. At each visit, the.infant will be seated in the mother's lap in

front of a television-like screen. TwoO experimenters will
- stand behind the screen and, through small holes, watch the
infant's eyes so they can.time how long the infant looks at
each slide. A total of 29 slides will be shown. Each glide
will be shown for as long as the infant looks at it. sting
Will be discontinued if the infant cries or fusses ex gssively

e

~ ) (interrupting more than 3 slides). The length of the ssion
should be approximately 45 minutes. , .
I, .have read the‘@bove descriptian of
“ the study of infant's responses to changes in visual form, and
‘ had the study explained to me. I am willing to parti te in
7T T 77— the study with my baby. I am aware that I am free to hdraw
my childsfrom the study at any time.
' \
-, - . Fe
Date ' Mdther's signature
) Witness's signature
" Mother's name . - Te lephone
,Mother s place of employment
" Infant's name
Address
—— T g '
f;sru, . . . _Would you like a summary of results for all subjects

when the study is completed?

Yes if s .




“ .

LI N .
r
- ," foe
- . Lot .
»
' " 3
- ’
A - .
R |
»
Yy,
x® - '
" 4 *
. ,

" 2" . .
S o -
. N

Appendix 38
-
.
>
.
; .
e, ' M
.
. Y.
N B
. ot A
v o

- -
. '
. W
- . LI
a .
. 2

! <

) :

\

X
.
. N
N
5
-
[
.
i
3
"\
o
1.
4

-

]
o
LY
.
-
.
*
L}

3



01°6

£€0°S
8L°81
G1°8
_Gb°9
€2°9
Fczog
8G°L
- £0°6
88°8C
82°9
3 Al
8G° 8.
£G° LT
GZ 0T
89°¢
1°9
898
89° ¢
£5°8
88°L ,

12°6

GG TT -

11 2 4
£€6°6
€L L
SG6°1
S0 €C
89°¢
SL*9
86°9
sv-ee
S0°Ssc
GE*L
£6° LT
£8°6
11 4
S L
1°S
9°1¢
GE°9C
88°9
1°s

|

ve"eo

11°01

Sv°s
£E1°S
§9°§
S9°1
8Z°6
s8°§S
SO0° 11
€V L
SE°0€
€L° ST
GL°T¢
8€°S
8Eg° ¢
SL°9
89°1
S9°¢
ge-° oz
0°¢
S8°S
68 ¢l

e~|

S8°8

XA

81x¥
. 801
£G°8
£€8° 61
£6°6
AN |
EL°T1¢E
£€G°8
8L LT
8G°91
€T €1
8V 61
SE€°91
G°S
8y cc
S*v
S6°0¢t
n°S
€1°9

b og

9

86711
€6° 01

S9°v
SE* VI
€2° 01
€L €
8L°ST
S°L
B9°6
0°ST
SZ° 01
13 Vel A 4
8V el
S0°8T1
S°6¢
(A4
6° V1
GZ 61
R ANAN
Sv°9
S0°L
0°9v

S

iv°6
8Z°G1

88°9
6°LT
G6°8T
222
€°0v
6°¢€C
Gg*el
8G°C2
XA
SE°9T
GG° L
£€8°6
8v°9
89°¢
BT ¥
A ANA

Z2°8.T

SeE" et
89°C
Sb°8¢

<}

€E°6
Iv°8T

SG’ 61
Sv°8
S8°L
6°0¢€
8Z2° Tt
130 S
8E°T¢
8L°81
GZ°91
8¢ 0¢
GG°81
£€2°S
£€9°81

SLeS

v-9¢
SZ°6

1°8¢
8°61
8V ET
2°0¢

hal

6L°8
0€° LT
6G°21
. £8° 9T
. 8881
88° L1
S9°LZ
., 89°9
9°L
81°6
€2 %1
9°61
c1v62
G° €2
8v°9
€L°8
€2°91
‘9°8
G9°p¢e
8€°0€
85°9¢
£9°0T

AN

|

-

8 (1 Y4
€ 61
.8 81
L1
1 AR 4 91
/%7 gz SU
G 81 R Al
£Ep-2T €1
€9°zz° 21
EL"¥9 IT
gL*Z 01
8L°2T 6
88 8
S°s . L
S6°ST 9
G6°FT S
£9°6¢ |4
89°vz €
88°v¥Z ¢
15201/ 1
T s

(S uT) sS3o01d TErIl UOT3EezZTIBTITWEJ UO SHI3M

§ 3¢ SoWTL UOTIeXTg

1-8 2qqeL



66

o’

¢0°s
19°¢

Sve

GGG
80°2
80°1
S0° €
£1®s
g8e" 1
0°¢
c°t
8%°9
8T°¢€
8E" ¥
85" b
GT°€
ST°S

82°€  62°¢

6v'y  v6°€
€L°8  GE'C
S0'v  8Z°0T
€1°T  SZ°1
€6°0  £€0°T
€T° ¥ 02
86°8 €E°TT
6°¢  86°1
STy 8b°€
€L°0  £5°¢
89°€  80°T
8°€  £2'9
89°Z  Sp°Z
b9 vz
£6°0 AR
S 1T 82°¢
89°L 6%
gL'z  €0°€
8S°S  EP°T
8Y"ET  6°0T
BE"S 85"
6 8

4

ZL Y
1176
S0° €

9° L1
6°1

- 89P° T

8z°2
SL*6
§G°¢
§9°¢€
88°1
0"zl
Z° 11
86°2
z°2
TAR
0°2

€5°9

Sv*9 ¢

E1°1
£6°01
1°2
YR
S8°82
S6°9
85"
S8° 2T
8Z°S
€8° ¥
€8° 1T
8L°0T
86°€
8Y°T .
€2°2

rz S6° €
sete . Mm.m
L9 <°6

£E6° 11
SL°T

L

€eg°1
S9°1

"3

v

L6°8
TL°L
&

£€9°¢
Sv-o¢
s8-z ’
80°¢
€8°ve
£E8° 1T -
81°¢
8L°C
€8°S
S6°T1
80°0¢
S6° Vv
82°1
9°1
88°1
S8 ¢
£2°9
9°¢
s 12
€8°1

-— N

S

.

1 9Z°¥
TR AR
0°G
02
8v°2
80°2

138 2 30 §

88°0

8L°CT -

88° ¥

L*S
SL°L
€L 9
- TA4
£E0° 1
6°0
S0°¢
£€E°6
81°¢
88° Vv

SS°P1

€v-2
2

Sg°L
v1°8

£0°1
$6°0
€ €1
€9°1
8Z°L
G8°9
86°6S
£0°0T
S0"0T
SL°L
10 G X
S8°L
L0
0" ¢

86°S

SE°ST
£€9°9
€G°01
£EC el
SS°T

€

-

8G°ST
68°0T

L'y
1°6
S¢°¢
ST°1

S8°2T

S6°¢C
86v L
SS° S
€L 1
G8° T
0°61
9G° 2L
S9°0
§9°¢

-G0°€

8L°9T

89°v

£EE" 0T
£E8°6
Z°91

H

SV°IT  ds
8E°2T W
€2°2 0z
0°2Z 61
8¥°T . 8T
ST°1 . L1
88° €€ 9T
16 ST
AR YA 2
ST"TE €T
8T°€ A
€1°8 ., 11
g8°6z 0T
€L 6
8€°1 8
8v°s L
G661 9
8z°L S
€6°6 v
85°1 3
8L°Z z -
g0tz 1
I s

i

»

:

-]

(S uT) sYJ0Td 1eTIf UOTIezrIer{Twed UO SYooM 1 I¢ SaUTJ UOTIEXTd

Z-€9 A1qel _



67
Table B-3
Fixation Times at 8 Weeks 0;1 Pre and Posttest Trials, and
Initial and Final Familiarization, Generalization, and
Configuration-Change Trial Bloc};s (in s)
S Sex . Pre F1 F10  GS c1 c2 Post
1 F a7 45.43  10.05 12.8 15.05 8.25 3.6
2 M 3.45 24.88  21.78 6.28 13.43  10.73  41.95
3 F 5.25  24.687779.0 3.58  25.95 3.95  29.3
4 M 1.3 39.63 6.95 8.43 11.8 23.15  20.9
5 M é.4 14.95 '8.05 10.3 19.1 3.95  20.6
6 F 0.45 15.95 7.98 2.95 11i;£‘€7 2.48  12.4
7, 0M 3.7 5.5 2.83 6.53 3.08 3.83 3.8
8 F 8.0 8. 4f 4.93  14.23° 11.9 5.9  .22.6
9 M 32.95 12.78 20.53 10.78 19.9 6.78 8.4
10 F 2.0 2.78 19.88 9.8  22.8, 6.7  16.4
11 M 72.5  64.73  11.83 23.18 30,1  22.08 48.75
12 F 15.6 ., 22.63  30.25 5.0 6.93 17.8 33.3
13 M 83.95 12.43  4.33  14.45 12.1 7.4 13.3
14 M 37.3 . 18.25 - 18.05 15.53 .33  11.38  21.7.
15 M 2.75  23.25 6.7 46.63 9.5 8.43 6.5
16 M 9.2  45.23  26.78 18.1 - 23.53 5.1 3.75
17 M- 5.3 1.2 10.43  15.9 8.03 4.3 3.15
18 F 4.3 3.78 12,08 5.48  14.73 ,2017 15.95
19 F 4.15  3.43 4.48  6.45 6.3 10.33 1.6
20 F 5.55  2.98 1.5  12.13  5.03 3.18 7.7
M 15.24  19.97  11.92. 12.43 13.97  9.32  16.78
SD . 23.75 17.08 8.20 9.62 7.43 6.52 13.36
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Table B-4

Fixation Times at 12 Weeks on Pre and Posttest Trials, and

Initial and Final Familiarization, Generalization, and

Configuration-Change TPrial Blocks (in s)

e Y
s sSex ' Pre F1 F10 Gs c1 .v c2 Post
1 2.7 27.05 1.98 1.13  1.98 ~ 3.98 23,35
2 0.9 2.78° 2.6 8.78  6.75 6.38  2.1°
. E
3 0.7 1.58 2.0 1.8 7.48  9.53  12.85

.35 9.93 3.58 1.05 1.88 0.98 3.75

-9

= ™M 2 2 m 2 w9
[
N

5 3.15 7.28 8.05 2.7877 4.8 3.63  .5.3
6 12.1 19.55 5.15 3.15  21.6 4.63  23.55
7 2.1° 5.48 3.15 3.83 3.53 653 9.8
8 F 0.9 1.38  24.58 4.55 33.13  7.05 9.15
9 M 111.25 7.3 4.38 5.58 19.55  11.18 6.6
10 F 1.9 29.8 3.18.  3.18 5.33 8.13 3.0
11 M 3.3 8.13 . 6.48 11.38 8.25  6.68 4.4
12 F 2.2 3.18 3.2 7.05 9.65 8.55 5.1
13 M 12.4 31.15 3.08  15.0 12.05  25.0  12.0
p 14 M 5.6 23.25 1.38 1.68 3.15 4.53 - 3.85
w 15 M 1.7 9.1 5.13  6.75  2.65  5.98  10.25
] 16 M 6.25 33.63 3.05 5.23  16.5 7.83  14.25
17 M 1.5 1.15 1.08 1.35 0.8 1.23 3.85
) " 18 F 2.0 1.48 2.08 1.15 2.13 2.68  12.6
C 19 F 3.5 22,0 5.55  1.15  1.18  9.68 3.8
. . 20 F 5.2 2.23 2.45  13.78 2.6 5.33 8.75
} M 9.59  12.38 4.61 5.02 8.25 | 7.00  8.92

* 8D 24.23 11.45 5.02 4.27 8.45 5.05 6.20



Table B-5

Percent Change in Log Fixation Scores From First to Last

Familiarization Trial Block

Y

s Sex 8 Weeks
1 F -40°
2 M -4
3 F -32
4 M . =47
5 "M -22
6 F > -25
7 M- -39
8 F ’-27
9. M +18
10 F +196
11 M -41
12 F +10
13 M. -41
14 M : T+l
15 M N -39
16 .M. g
17 M +1175
18 F +9
19 F' . +20
20 F -62

12 Weeks

-79

+50
-45
+ 6‘
-45
-32
+893
~26
-66

=11



