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Abs:ract
This exper?ment was a test-of whether infants’ general
dimensional preferences can be used to predict what infants
remember og visdzl recognition memory tasks employing those
dimensipns. Twenty-one-week-old infants were given a
pfeference test with a variable form and a variable color
pattern. Each baby y subsequently given two recognition
mnnorirproblems. one emplbyihg a novel color and the other a
novel form on the test trials. On both problems, length of
familiarization wqf’either 20 or 30 sec. Infants preferred
te look at the variable form pattern. Infants also looked
longer at a novel form than at a npvel color. Tw;ﬁty sec of
stedy was sufficient for form recognition: 30 sec was
sufficient.for formland color recognition. Possible process

explanations for the exaerimental findings are discussed.



I. Introduction

The early months of infancy are marked by rapid development&
in visual behavior especially visual selectivity The types
of stimulus features attended by the infant chanqe
'systematically in the first year.of- 1ife. A pattern which
elicits little looking by 2-month-ol18 gnfants may be
preferentially iixated by 6-month-olds. Dyring these eafly
months vtsuaP recognition behaviéf also develops. lnfants'
improve in their ability to_remegggr subtle feaiuﬁes:pf
patterns. Of theoretical interest, therefore, is the ’
‘relationship between visual preferences and visual memory in
infants. The present‘study in;estigates this relationshtp
with Eespect to the preference and retention of two
well-studied dimensions of information, color and fofm.
Development and Meaning of Visual Preferences

_ The visual behavior of human infants is selective--they
Jook more at some aspects of their environment than at
others. A basic goal -of early research on infant visual
percebfnon has peen to identify stimulus characteristics
that underlie fhis seiectiviiy: One fundamental tdel has
been the visual preference paradigm. In this procedure;” two
pictures or patt;rns are pfesented simultaneously for a

af trial Left-right positions of the two ‘are

rbalanced across tria]s A re]iable differential
“fixati response indicates a "visual preference in

to discnimination.getween the two patterns. For

‘/
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red pattern when paired with a green one. 1f the patterns
(ffer only afchg one stfmulus-dimension _hue, we can infi
thal the fant perceives the two colors.
Jor theoretical issue has been the nature of
processes under lying visual'preferences (Fantz, Fagan, &
| Mirlnda, 1975, p.296). Are such processes reflective of
sensory or cognitive capacities of the infant? To'Qiew'
visual preferences'as determined by sensory capecities is to
;?nk perceptual development to neurological meturat1on To
view visual preferences as involved in early cognition-is to .
stress the less automatic and more_voluntsry aspect of ,
infant perception. These are alternative (byt not N~ S
necessarily competing) theoretical orientations. A major
difference between these two perspectives might be the
degree to which they can incorporate and predict other
phenomena in early'perception. The present study is an
attempt to demonstrate how a cognitive interprétation'cf

visual preferences might be used to predict whai,an infant

’ . ]
remembers. °
.

+
.

The early promise of the visual prefererice technique
was that it providied a means to assess individual
differences in selective attention, which was characterized
as a cognitive function. Fﬁntz and Nevis (1967) compared
visqal preference development in institution-reared and
home-reared infants. Group differences were found primarfly
for attention to configurational :Zz1ations. the home-reared

‘group showing earlier or more mar changes. Another
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. comparison of infants expected to differ in cognitive .
abilities involved Down’'s Syndrome (DS) and norma) infants
(summarized in Fantz et al., 1975). Fantz et al. cenclud;
that differences between norma 1 and Down’'s Syndrome infants
tend to occur for stimulus variations that are ,important in
adaptive 1ntell;gence (., form). Howaver, fhe study of
individual differences provides only weak support fd;\the
view that age-related changes in visual preferences are
related, to cognition. The lags in preference behavior shown
by the f.nstitution-rtared and the Down's Syndrome infants
may not reflect attentional on‘cogn1tive !:fieiencies but
rather differences in sensory or neurologicll function“fng

; retlevan? to visual development :
( Greenberg (1971) nrovidef another cognitive
interpfetation for visual prefere development. lHe
suggesis that changes in prefereng:ee reflect ‘the inc.:reasingl/
conblexity of information processing by the infant. This
11nk between cognition and visual complexity was derived by
Greenberg from. Berlyne s (1960} theory. Berlyne suggested’
that attentional Qfeferences for stimuli depend on relations
between the mfoﬁ/mtional conplexity of the stimulus and the
'processirﬁyca;‘:;:iiities of the organism. According to this
2 “tHe infant is likely to prefer a level of

t beyond, his present processing capabilities

) atteupts to manipulate this variable have confouqded
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physica) parameters of patterns (Haith 1978). For example,
Fantz and Fagan (1975) 1ndependontly manipulated size and
number of squares;-two dimensions-often oonlounded in’ !
compliexity research--and'fognd both variables to influence
attention in the. first six months of life. Fubthermope. not
all definititms of couplexity. have yielded attentional .
preferences that agree with those obtained by Greenberg | v
(Haith, Kessen, &°Collins, 1969). Thus, neither the (
contrasting of grcup differences fn cognitive potentfal nor
the hypothedis of- age-related 1ncreases in processing
complexity provide a strong case that visual preferences
reflect cognitivé processes such as selective attention.

A more physiolobical viewpoint sugdbsts that changes in
visual preferences reflect maturation of the visual system
(Bornstein, 1978; Bronson, 1974:; Fantz &'Fagan.11975; Karme ]
& Maisel, 1975). Here, selective attention to stimulus
features is characterized as reflexive or sutomatic--the
infant is ‘captured’ by the stimulus. Changes in visual -
respdnsiveness result_from either-qualitat{ve or
quantitative developments inineurophysiologica] activity
within the visual system. .

In one controversial theoretical paper, Pronson (1974) "
regards shifts in visual preferences'as litative,
reflect the ;merggnce of what he ca!l:qske primary visual

system. Hig characterization emphasizes nédrological

develbpment.:During the first month of infanéy. visual -

responsiveness is ¢ohtrollgd by the secondary visual system

)



which mediates the au,t::mltic Tooking toward a perlphere'l.
stimilus. Foveal input, which ig/Anvolved in feature
detection and encoding of~cougplex visual events, is ! \I
undeve loped. According to Bronson, the emeFGean ir\ the
second and ttﬂrd months, of foveal’ vision and the
functioning of more corticeil primary visual system allow
the infant to vgz\:ntjarily direct attention and orgenize
patterning. N
J related erpirical work, Karmel & Maisel (1975) hevp
dealt specif‘ically with the changes in nedral activity that
under 1y vieuel prefererce shiés They found that- infants
show pesak preferences for increasing levels of contour ‘
density with increasing age. This is expleined by positing a |
decrease with age in receptive-field size of ‘
contour-detecting cells (Karmel & Maisel, 1975). Karmel's
position has been'undermined by the observetion‘that '
contour-density is not s unitary diglnneion. .amount of
contour }s confounded with number ar@l size of *‘?t'tern
. elements (Bornstein, 1878; Fantz et al., 1975).
| Bornstein (1978) has -also presented an explanetion of 'J*
_visual preferences Based on underlying neural activity. '
| “Within the. dimensions of hue and oriehta.tion. tb&e “cues |
| eliciting more looking are those producing greater u‘plitude
eyoked potentials. Thm preferenoes are the automettc
- product of net neural activity This predicts infanté' . -
preferences for saturated versus unsaturated hues, and '

orthogonel versus oblique drientetions Bornst




sbecifically refers to attention as a ‘'taxic mechanism’,
although one with relevance Sfor later cognitive behaviors.
Néhetheless.‘there are difficulties with this, as with any

| attempt to explain bghavior in terTs of Jhantitative

~ measures‘df gross neural events. As Bornstein (1§}8) notes,
the problems include inadequate understanding of the meaning
of components of the evoked potential, and inadequate
definiiions ?jiglleanQ? itself.

The deeﬁte as to the sentience involved in early visual
selectivity focuses on the first two months of life. While
h-our Know ledge- of development of the eye, visual pathways,
and cortex during this time period remains incomplete, both
physiological and behavioral_evidence indicate that, by the
fourth and fifth months of life, the visual system is
relatively mature (Bronson, 1974; Kessen,‘Haith, & N
Salapatek, 1970, p. 348). The theoretical-issﬁe as to th& _
relation#hip between visual preferences and cogniti%ﬁ may be
more readily addressed at this time, when questions as to
- more fundamental determinants of selectivity, suéh as «
acuity, arevsecoﬁdaqu”It is also at this point that,the
infant segﬁs more capable of robust recognition memory, és
ingicated in a variety of.paradigms and with a variety of

complex stimuli (Cohen. 1976; Olson, 1976).
| Empirically, it is cleaf thaf a different set of
stimulus attributes gain impor tance after the neonatal’
period. Whereas in the early months preferences occur for

promiﬁent and visible patterns (large sizes with high
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contrasts), by 2-4 months of age looking is directed towaﬁd
patterns varying in form, color, texture, or configuration
(Fantz et al., 1875, p. 330-332). These preferences do not
necessarily indjéate th? emergence of new discriminative
capacities. For example, Fantz and his associates have
investigated the developmentai changes in preference curves
for stimuli contrasting such diménsions as size and form,
brightness and hue. At 55 weeks Eonceptional age, a pattern
of six varied geometric figures was preferred to a pattern
of six larger gquares equated for amount of .contour. At this
same age, howevér,_infants’ preferences were equal for a
pattern of ten circles of various bright colors paired with
a pattern of ten black circles on white grouhd. Thus, at 4
months, variation in the jorm dimension seems to affect what
the baby prefers to look at; variation in chroma does not.v
Yet several studies indicate that the 4-month-old infant can
discriminate a variety of forms and colors.

At this juncture, the relevance of visual preferences
to early cognition can be addressed. Attention is a
prerequisite for further processing. Information which is'
not readily attendes may not be readily remembered. With
reference to the preceding review, it §;ems possible that,
since form variability is readily preferred, 4-5-month-oid
infants are more likely to remember forms than colors. Such
a result would be consistent with the hypothesis that visual
preferences are directly related to perceptual learning and

retention. If, on the other hand, infants were to show



equivalent learning and retention of color and form
information, then the visual preference for form might be .
better interpret-d as reflecting a tropism of no consequence

’

to memory.

Development and Meaning of Recognition Memory

The development of infant visual memory has been
.stuglied primarily within two patadigns, habituation and
paired-comparison preference for noveldty. Both involve the
idea  that differential responding to novelty and fahiliarity
implies memory.

The study of infant habituation had its historical
antecedents 1n.€he animal learning literature. The satiation e
of the reinforcing effects of novélty was one predecessor.
An even closer link was with Sokolov's work on the orienting
reflex, which occurts to the initial presentation of a novel
stimulus. Sokolov’'s neuronal model of the orienting reflex
was important in that it specified the association between
habituation and memory: Early work on infant habituation was
largely demonstrative (Cohen et al., 1979). It indicated
that by 2-3 monthé of age looking time decreased across
repeated presentations of*a single visual stimulus.
Furthermore, 3-month-old infants showed an increase in
looking to a.novel stimulus presented at the end of \
habituation (Cohen, 1976). This recovery indicated that the
response decrement was not due to fatigue and that the baby
can discriminate/thg novel and the habituated stimuli; Early

efforts, however, failed to demonstrate habituation in
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infants prior to 10-12 weeks of age. More recently, Friedman
(1975) has tested neonates with long exposure trials and a
relative criterion for defining decreménts. Results |
indicated that some alert newborns decrease visual fixation
to repeated exposures of a checkerboard, and increase visual
fixatiqn with the introﬁuction of a new pattern. In summary,
the habituation paradigm proviqes a sensitive technique for
assessing basic information-processing capacities of even
very young infants.

An alternative to the habituation paradigm is the
paired-comparison procedure. It differs from the former
primarily in that the retention test presents the familiar
and the novel stimuli siﬁultaneously. Thus, it is a
variation of the preference technique. Preference is induced
by previous exposure. or familiarization, of one of the
pair. Relatively longer looking to the novel stimulus
implies recognition of the familiarized stimulus. The
paired-comparison procedure also differs in that it does not
require a deérément in looKing to signal the end of
familiarization, i.e., the storage of‘the stimulus in
memory Therefore, it is possible to use paired- comparlson
in brief procedures which test recognition by allowing the
infant to choose what to look at. This technique has been'
particularly sensitive in the study of delayed recognition
rmemory (Fagan,»1973). Despite its m;thodological
flexibility, the paired-comparison procedure dQeS'hot appear

useful with very young infants. Prior to 10-12 weeks of age,

~
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preference for the novel member of paired patterns apbears(
to be weak. At this age, habituation to a single pattern
appears to be a more sensitive index of visual recognition
memory .

’*Qf study of habituation and novelty preferences
indicates that recognition memory is’present in the young
infant. During the first three months, however, recognition
memory is difficult to demonstrate and easy to gisrupt
(Friedman: 1975). By 5-6 months of age, the picture is a
much different one. That which the infaéf has seen is not
easily forgotten. The robustness of visual recognition at
this poidt is indicated by several findings. The infant
requires only very brief study in order to discriminate
between a novel and familiar'pattefn; as little'as 10 gec of
study suffices for immediate recognition of multidiqensional

"stimuli (Cornell, 1979). Further, the infant shows long-term
retention of information. Photographs of faces, for example,
are recogniied after a two-week delay (Fagan, 1873). Even
when‘the‘;nfant fails to recognize a pattern, he is able to
.utilize his earlier experience to facilitate releafning of
 that stimulus (Cornell, 1879). Finally, infant visual
recognition memory is not highly subject to interference%’
Forgetting due to inferférence opcurs only in select, highly
const%ained~conditionS\(Fagan, 1877). In summary, by 5-6
months of age, the inteﬁesting thing about the infant is not
that he ¥dggets. but that\h;\remembers.

Theoretically, the infant’s capacities for visual
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memory have been regarded as an interface between perception
and cognition (Cohen, DelLoache, & Strauss, 1979; Fagan,
1975).ﬂ1n the analysis of underlying processes, theories of
infant recognition memory have especially sought to
characterize the encoding and retention of visﬁalhv#
information (Jeffrey, 1976; Olson, 1976). For ex;ﬁple;“
Jeffrey’'s serial habituation hypothesis proposes that |
processing of a stimulus configuration is governed by the
salience of its features. Salience, as operationaliy
defined, is the probability of an observing response
occurring to the featuﬁe. Féatures whicﬁ are highly salient
will be processed before less salient cues and will'‘be
processed more thoroughly (deffrey, 1976). Thus, Jeffrey
makes éxplicit thé hypothetical relationship between
perception and memory:’

If the organism has had sufficient exper ience with

the stimulus complex in the past he wilf spend

little time with it, if he has not, or if there is a

salient novel element, additional processing will.

automatically occur. (deffrey, 1876, p. 294)
As Fagan (1977a) gas noted, the empirical concerns der1ved
f@om Jeffrey's 1deas--what it is about a st“lus that the
infant processes, and how th1s process1ng occurs--are
subJect to test by vfsual recognition paradIQms Already we
have some ideas as to the dimensions that are remembered
"(Strauss &“Cohen, 1980). However, very few investigators

"have considered the dimensional preferences that may occur
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interesting*hypotheses regarding memory for form and color.

In one of the pioneering studies, Saayman, Ames, :;d
Moffett (1964) investigated fixation of familiarized and
novel stimulj dfffering in fbrm. pblor. or both. They found
high novelty responses when both.fprm and color of a novel
pattern differed from that of a familiarized pattern. This
was not the case when the novel and familiarized stimuli
differed on only one of these dimensions. A similar pattern
of results was_ob}ained in a more recent study by Welch ‘
(1974). Four-month-old infants were shown stimuli which
could differ in one, two, or three dipensions (form, color,
and pattern arrangement).ﬁlncreased fixation of the novel
.‘stimuli resulted when two or three dimensions, rather than a
single dimension, were changed. Specific dimensions or
combinations of dimensions did not differentially affect
;esponding. The habituation paradigm has produced similar
resﬁlts. Cohen, Gelber, and Lazar (1971) habituated
4-month-old infants to a red circle. On test trials, malé‘
infants’ looking times recovered less to stimuli changed on
one dimension than to those changed on two dimensions.
However, significant recovery was obtained for a change in
color or form alone when data frcm?a number of test trials
were collapsed. An-analysis of the collapsed data indicated
significant recovery to form, but not to color. Stronger
evidence of infants’ di;j;imination of change involving a
single dimension has been obtained by Fagan (1977). Infants
of 22 weeks of age were familiarized with a red diamond.
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the present study avoid problems inherent in Miller's
technique (Lasky, 1979), the present use of differing

6? stimuli has its own risks. For example, it is possible that
the preference for a dimension is highly dependent upon the
particular éues along that dimension. Certainly, if red was
fhe most potent color cue, and a triangle was the least
potent form cue, then a preference based on only these cues
might indicate that the infant selectively processes the
color dimension. This hypothesis might not be borne out if
weak yellow cues and strong circular cues were‘;ovel oﬁ the
subsequent recognition test. In the present study, this \
problem was minimized by assessing dimensional selectivity
on the preference test when multiple cues were present
within each dimension. The rationale is that‘general
dimensional salience cén be estimated by preferencé for
Yariability trather than for specific cues) along that
dimension. (Fantz et al. 1875, p. 304-305).

Memory for Form and Color

Multidimensional stimuli have typically served in
studies of early recognition memory. Simple'closed }igures
or geometric elements differing in form, color, battern
arréhgement, or ofientation have been familiarized, then
altered, to asseés the featural changes that infants detect
as novel. Differences in methodology, and varying ages of
subjects in stUd%es to date make it difficult to

" characterize the pattern dimensions that infants remember

/’/;est. Nonetheless, a review of the literature points to some
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regression conditions produced the same pattern of results
as the serial conditions._Therefore, it appears that an
experimental design employing the same stamuli ior tests of -
salience as well as habituation enCOUntens problems of
interretation Viﬁ g ‘_

The present study is a futher test of deffrey (3
hypotheses. That is, it is proposed that the infant is
selective in what he proceSses. that such selectivity is
guided (in‘paft) by feature salience, and that there exist
boundary conditioﬂg,'HQer which selecfivity affects memory.

The present study, however, differed from earlier tests of

Jeffrey's hypothesgs in sevefal respects. In the present
study, in order t® avofd problems’due to the use of the same

stimuli to assess'sa ence and memory, different stimuli

l

(forms ‘and colors&g ere’ used for the {wo types of tests A

.

secpnd dyfferencé s the paradigm used. Although Jeffrey’s

‘hypothesis h%smus ally been tested within the habituation

paradigm the' pair' -compar ison method was used here due to
its greaier sen51tiv1ty under conditions of brief study
There is a third difference. Within the context of Jeffrey's

theory,,processing of salient features is indicated by the

- recovery of looking to a novel exampld™of the salient

- feature. In the present study, sali te was related to the

speed or efficiency of encoding as indicated by the amount
Of'expOSUne necessary to yield immediate recognition.
The choice of stimuli is crucial for any study of early

visual processing. Although the stimuli that were used in
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- with or affect selective memoéy. | ' ;;\
The most extensive work festing.deffrey’s serial -
habituation hypothesis has been done by Miller (1972;
Miller, Ryan, Sinnott, & Wilson, 1976). Fgur-month-old male
infants were presented with the following seqdence of
stimuli, each for 20 sec: NNPPPNNSSSSSSSSPPPSN (Miller.
1972) N refers to a colored slide,‘P to a $lide of a part
of the stimulus, and S to the intact stimulus. Total
preexposure f1xation tﬂle to each of the parts defined
salience order for thé parts. Comparison of pre, and
post- habituat1on looking showed reduced f1xatlon of .the most
' salient feature (part), and increased'looking to the least
salient fepture. In a later study (Miller et al., 1976)
employing this same pcocedure with 2-, 3;. and 4-month-old
infants in a more complex design, similar evidence of serial
habituation to stimulus features was obtained.

Lasky (1979) has pointed out that Miller’'s results do
not provide unequivocal support for thé seriel habituatio?
hypothesis. In fact, the same results would be predicted by
regression to the mean. Lasky replicated Miller's
experimentel conditions. Two other grodbs receivedlthe same
sequence of trials-as did the experimental groups (i.e.,
NNPPPNNSSSSSSSSPPPSN) . However, for these droUps the P
trials involved the features from one intactystimulus;>while
the & trials used a different stimulus Thaf is, the infants

were hab1tuated to a d1fferent pattern than that for which

they had viewed the component features. The latter

~



Stimuli novel in either §orm or color resulted in
significantly longer fixation times in the recognition test.
Strauss and Cohen (1980) also report immediate recognition
by 5-month-old infants based on discriminatioﬁ of a
single-dimensional change (form, color, size, or
orientation). \\\

It appears, therefore, that between 3 and 6 months of
age infants become increasingly able to discriminate between
familiar and new visual patterns. Early in this period (3
months), the number of dimensions that differentiate the
novel and previously exposed stimulus seems to be an
important determinant of recognition performance. By about
five months, recogmition occurs wheﬁ any single dimension
has been changed"At four months, the nature of the changed
dimension may be particularly important; the data of Cohen
and his associates (Cohen, 1976) suggest that a novel form-
may be more likely detected than color. Thus, past 4Amonths
of age, there may be differences in memor} for form and
color dimensions. It may be possible to amplify these
 differences and relate preferences for dimensions to memory
for dimensions.

For this purpose, it can be noted that study time’
affects the subsequent recognition of particular dimensions
(Fagan 1974, 1877). ‘A relatively long study enabled ‘
5-month-pld infants to respond to a change in color or form
alone; biven a shorter study time (30 sec), infants

responded only to a change in color. It is questionable,
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however, whether Fagan's stcdy utilized‘an unamb{guous form
discrimination. AR examination of the stimuli shows them to
be differentiated by another feature--gr;enta;ion. |
To assess ‘the speed of encoding of. form and color.

~-dimensions, the ictual time spent ldoking‘at the

to-be- remembered stimuli can be more, 1nformat1ve than the
total exposure time. Fagan s subjects looked about 17 sec
‘and 30 spe in the low and high study time groups
respectively, Other studies with younger infants have
usually obta1ned somewhat longer fixation times. Welch
(1974) reported an average fixat1on time of 25 sec; these
4-month-old infants did not discriminate a single
dimemsional change, regardless of dimension. Cohen et al.
(195%).reporfed that male infants had an average total
fixat1on time of 35 sec. These 4-month- old infants responded
to a change of either form or color.

&’

In summary. for 20- week cld infants a relatively brief
study time of about 20 secimay result in recognition of ‘
changes in form but not color; a relatively Tong study time
(30 sec) should allow recognition based on either dimension.

- A second variable affecting recogn1ticn penformance is
Bthe length of the retention 1ntervﬁl.\fagan (18973) has shown
that 5-month-old infants retain information about a
photograph of a face up to 2 weeks if the initial exposure
is in the order of minutes. However, if the initial étudy
time is quite brief, infants at this same age may fail to

recognize a face after a delay.o ohly 40 sec (Cornell,

e

1 -~



¢

18
. ’

1979). Regarding more abstract multidimensional gtimuli,
there, is no clear generdlization about delayed retention of
stimulus dimensions. Olson (1976) found that 4-month-old
infants recognized s?imulf varying in form after a S.min
'1nterv51._Pancratz and then (1970).\howev;32,fodnd
4-month-old infants did not show‘recovery to novel .
focm-color stimuli after a 5 min delay._Reé;;TT?T~Strauss
;nd Coheh (1980) tested 22-week-old infants in dél;yed
regognftiqn memory for. §gvgrhl different dimensions:'gzth
separate tests for the?étimulusldimgnéiéns of form, color,
orientation, and size, thé& found onl;'tﬁé first two io be
remembe&éd after a 15 min.delay._lffer a fongen délay of 24
hr..only\fofm cﬁanges were discriminated. In a subsequent
study{ infants were given two‘digqrimiﬁﬁtions--ohe of color;
the other of form-jWhich:resulfed in equivalent hovélty
scores”on an. immediate-.test. Following a 24 hr delay, only
form information was remembered. |  ' o

' .in”summary. highly familiar and meaningfu] classes of

pttterné are‘well-remembered by young infants if initially

well-studied’ Delayed recognition may be poof™if

familiarization is brief (Olson, 1976), if the
adiscriminationfbetween the, familiar and novel tafget is
subtle (Fagan, 1975) or, as suggested by Jeffrey (1976), the
discrimination is on a nonpreferred'diménsjon;
Summary and Rationale
The research on’récognition memory for multidimensional

stimuli indicates that infants do not initially encode or -
& . R
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remember all dimensions equally, especially if study ti::i_; is
brief and the retention interval is long. Research on visual
selectivity during this same period 1ndicates thaf«changes
take place in the pattern dimgﬁsions which attract and
maintain infants’' looking. In both types of visugl behavior,

indtpatiqg preference o; memory, it appears that there is
Iselective processing of form and color.«ln line with Jeffrey
(1976), 1 suggest that the hierarchy of g{gferences is'
reflected in the infant's ability to respond to novelty.
That -is, the rélationship between memﬁry agd perceptual
proceéées at an early age can Be explored by testing the
hypdthesis that the initial, prefamiliar‘izati'of;
probabilities af attending to specific stimulus dv:ngansiohs
influence -both the encoding and retention of cues on those -
. dimensions. ‘

In order to test the abovg’hypdthesis$ 2;-week-ofd
infants were assessed individually for prfffﬁenéés along the
dimensions of form and color. Immediately following this
visual preference pretdst, the baby was familiarized,w{ih ’
patterns containing both dimensions. Infants were‘givén |
either a short or a long study period.\?f preferences
intluence speed or amount of encoding, then a Eecognition
test after brief study should show high novelty responses

only when the prefefred dimension is changed.

Y, | g



I1. Method
Sub jects
Forty full-term infants were tested in their homes. A1l
families of the infants tésted reside in the Edmonton area.
Parents volunteered their infahts in response to u letter
Qqésc}ibing the research program; appointments were then made
to see the infants at a suitable time. The data gathered
ﬁwmleight babies were discarded, five due to excessive
fussiness during testing, and three as a result of failing
- to mee: the criterion of at least one second of lookihg
during any pairing of test patterns. The data from these
infants were not included, leaving data from 32 infants for
the purposes of analysis. All infants tesfed were between 20
and 23 weeks old (Mean=21.2 weeks). Equal numbers of girls
and boys were assigned to each subgroup within the study.

Apparatus and Materials
A1l infants included in the study were tested using a

portable visual preference apparatus which has been
.described by Fagan (1970). The major features include (1)
two peepholes centered such that observers can clearly
monitor the baby’'s . eyes, (2) a rotating stage at the inside
rear of the aﬁbaratus to present the targets at a distance
of 30-35 cm from the infant’'s eyes, and (3) an interior ;
chamber with a homogenous 1light-diffusing surface enclosing
the visual field of the infant. The apparatus also includes
a 4-track Rustrak event recorder wired to finger switches
and electronic timers. |

»
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Stimulus materials consisted of two sets of plaques,
one set for assessing preferences, the other tor assessing
memory. The former consisted of two plaques similar to those
of Figure 4.17 in Fantz ;f al. (1975). In the present
experiment, the preference stimii contained colored forms,
as illustrated in Figure 1a. The variable color pattern used
highly saturated hues from well-separated afeas of the
spectrum. These values should optimize neural activity
(Bornstein, 1978). The variable form pattern used elements
of the same color; this hue was of equal saturation but
different wavelength than the hueé of the variable color
stimulus. Pattern elements on both plaques were equated for
total amount of contour and thus (by one definition) for
complexity (Karmel, 1969). The mbmory stimuli varied single
complex geometric elements aloﬁg both form and color, as
illustrated in Figure 1b. Note that there are two subsets of
memory stimuli, and that each subset includes two forms and
two colors in different compounds. Stimuli from one subset
were arranged to constitute a form recognition test, and
stimuli from the other were ar?unged to constitute a color
recognition test. Both SUbsetsg;ére presented to each infant
with order counterbalanced across subjects.

Test Procedure

A1l infants were tested in their hémes at a time when
they were awake and attentive. Each was fested while seated
on the parent’'s lap. |

The criterion for looking was defined by
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superimposition of 75% of the pattern reflection over the
‘pupil of the infant’'s eye (Fantz, 1966). Recording began
with the infant's first look at either of the stimulus
plaques,.and continued until a click by the event recorder
signalled the end of the exposure period. The plaques were
then rotated out of the infant’'s view.

The general procedure included three phases: an initial
preference test followed by two separate recognition
problems. Buring the preference test the infant was
presented with stimulus plaques paired as illustrated in
Figure 1a. The pairAwas presented for two 10-second trials,
plaque positions being reversed on the second trial. Order
of presentation was counterbalancedvacross infants. After a
1-min delay, during which time the infant was out of the
testing chamber, the first recognition problem was
presented. The infagﬁfyas familiarized with identical
stimulus plaques placed side-by-side on the presentation
stage. Look1ng was recorded until the infant had accumulated
the appropr1ate amount of time. At this point the
familiarization period ended and the stimuli were removed.
The recogn1t15§‘test immediately began by pairing one of the
previously exposed plaques with a novel plaque that
contained a changé in either form or color. The test pair of
stimuli were exposed for two 10-second periods, position of
tbe plaques belpg reversed on the second presentation.
Across infants, all stimuli served equally oftenJas familiar

and novel in order to counteract possible stimulus
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preferences that might occur regardless of the
familiarization procedures. After the first recognition
problem, the infant again spent one minute out of the
apparatus. Following this, the baby was given a second
recognition problem in'the same manner as the first.
However, this secondbproblem differed in two aspects. It
used the set of stimuli not used in the first problem, and
it changed (on the recognition test) the dimension unchanged
in the first problem. Thus, each infant received a form
recognition problem and a color recognition problem.

Design | _
‘ Of particular concern in this experiment'was whether
21-weék-old infants remembered information from a salient
dimension (e.g., form) and a nonsalient dimension (e.g.,
color) given only a very brigf study time. Salience ﬁaé
defined by preferential looking in a pretést. For any one
infant, his salient dimension was-the variable paft%rn‘with
the longest total fixation time.

The study times used to fa@iliarize the babigé with the
patterns to be remembered werevestimatedqfrom fhe literature
reviewed above; 26 sec is probably short,endugh to allow’
encoding of only one dimension, and 30 sec may be long
enough for two. |

Two groups of 16 infants were tested. Both groups were
given the visual preference teéts ;s outliﬁed.in the

previous section. - One group accdmulated 20 sec of study time

during the familiarization phase of the recognition



problems. The second group accumulated 30 sec.
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Figure 1. A, , Preference stimuli: Same Form--Variable
Color; Same Cofl.or--Variable Form. B. Recognition /
stimuli: One set consisted of stars or crosses; the
other set consisted of bowties or I's. ‘
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II1. Results‘

As outlined above, the visual preference pretests brovided
an operational.definition of dimensional salience. For each
infant, ;he amount of looking to the multiple fofm was
divided by the amount of looking to both patterns, and
expressed as a»percentage.-This perceniage constituted the |
basis for defining whether afrecognition test assessed
memory fof a 'salient or nonsalient dimension. For exémple.
an infant sﬁowihg more than 50 percenf looking to multiple
form would have the form recognition prob1e6 assigned as
saTient dimension changed. The color problem would then
constitute a nonsalient change. For 30 of the 32 infants
tested, the above pattern of preferences was found--that is,
the form problem was assigned as salient. For the infants
tested the mean percentage of looking time to the hultiple
form pattern was 72.1. u

The percentage of total fixation to the novel test
stimulus constituted the dependent measure on the
‘recognition problems. Prior to examining group differences,
preliminary analyses were done to determine whether the
factors of sex of subject'and‘test’order produced reliable ,
differ?nces in test performance: As they did not, data were
‘collapsed across these factors.  Thus, the two remaining
factors of interest were Study.timé (20 and 30 sec), and
dimension (salient and nonsalient). The latter was within
sub jects. A repeated-measures ANOVA of the nove]ty‘scdiés

ihdicated that study time had ﬁo‘significant effect on

26
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response to novelty either on its own or in interaction with
dimension, Fs (1,30} < 1. However, a significant main effect
due to the latter factor (dimension) was found: Change of
the salient dimension (form) resulted in a greater novelty
response, F (1,30) = 4.41, p < .05.

The failure to obtain an interaction between study time
and dimension on the ANOVA contradicts the initial
prediction that the two dimensions should show differential
speed or efficiency of encading. However, the between-groups
analyses are not the results of major interest since they
are less sensitive than within-groups tests to the
difference between recognition and non-recognition.

The ma jor ihterest'of the study was thé level of
recognition performance for the four conditions defined as
"to whethéf study time was 20 or 30 sec, and whether
dfmension was.salient or nonsalient. Accordingly, novelty
scores were averaged for infanté within each of the above
treatment conditions. The resqlting means are listed in
Table 1 along with the ! value for each. These values |
represent tests ofvwhether the mean percentage of fixation
‘time to novelty departéd reliably from a chance value of 50
percent. A reliable discriminative response to novelty thus
is the basis for inferring récognitidn.vReliable recognition
was found in all instances exceptVWhen the baby was given a-
brief study period (20 sec) énd was subsequently tested for
recognition along a nonsalient dimension. It should be noted

that the probability levels listed in Table 1 are for

\
\
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one-tailed t tests as the infants are expected at this age

to look relatively more at a novel stimulus.



N

Table 1

Percentage of Fixation Time to the Novel

Stimulus During Recognition Tests

Dimension Length of Novel

Familiarization Fixation t
(sec) (%)
| 20 63.6 3. 13%xx%

- Nonsalient 20 ‘ 53.1 0.80
Salient 30 1 65.4 1 2.74%x
Nonsalient 30 _ 59.3 2.06*

Note. Each entry represénts the mean value for 16

J jﬁfants. |
* < .05 “a
*»p < .01 |

xxxp° <, 005



! IV. Discussion

In summary, 21-week-old infants looked longer at a pattern
_of variable shapes than at a pattern of variable'bright,
saturated hﬁes. when given an opnortunity to view both. in’
addition, these -infants looked\londer at a novel stimulus
that involved a ehange.alﬁng this salient dimension (form).
This was true regardless of the length of the study “
opportunity initially given to the infants. An‘increase in
the amcunt of study time did not lead to a significant
~increase in the amnunt of. looking to a-novel salient cue.
The interpretation of group differences in recogn1t1on
performance is best done with reference to the t- tests since
these values indicate a sagnifwcant response to novelty. The
:L values indicate that infants did not show reliable
recognition in one condition only. When infentg had -only 26
sec’to sfhdy a pattern,.they were subsequently unable to

discriminafe a novel nonsalient cue. That is, they looked °

about equally’at the previously exposed and changed pattern..

On the othef hand, when recognition required the'infants to
discriminate a change along a salient dimension, again given
only 20 sec of study, they looked at tne novel pattern at a
level signifieantly higher than chance. Those’infnntS'given
30 sec ef shﬂdy showed reliable recognition ‘of either a
salientvo;*% nonsalient cue.

The res&ats of the recognition analyses can be
_summarized as following. Overall amount of looking to a

novel salient cue is likely to be greater than to a novel

- 30
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nonsalient cJe.fregardless of length of f;miliarization.
When look{ng to novelt¥ is compared to a chance value of 50
percent, length of remiliarization is important in
predicting which cue(s) will be recoénized In particular,

20 sec of study is more likely to produce significant
looking to a novel form cue than to a hovel color cue. Bg
4-5 menths of age then. infants’ tendency is'to prefer form.
and to remember form better than color. This suggests that
infants’ visual preferences may be related to a further
aspect of early development--visual recognition Memory.

The pattern of preﬁerences obtained in this studx;
agrees with the earlier findings of Fantz et al. (1975), in
that variatfons in form attracted infants’ looking to a
greater degree than did variations in coior The obtained

pattern of preferences is also an 1nd1cat1on that factors

- such as saturation and amount of contour, while adequately

account1ng for preferences between simple‘visual st1mu11
seem to be less clearly pred1ct1ve of infants’ preferences
for more complex aspects of gattern1ng (Haith, 1978).

In most theories of perceptbal learning a preference
for form variation Seems to have high ecoloq1cal val1dity.
shape d1fferences prov1de ‘the infant with information about
classes of obJects,'whereas other stimulus :Friations such
as color, size, and orientation vary across exemplars
(Straﬁss & Cohen, 1980). Rosch’s investigations (1978) have

indicated that form information is highly important in
determfning.the basic level of object classification. -

-
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Simiarity judgments and recognition of form seem to be
critical in identifying basic objects (e.g., chair, car) as
opposed to superordinate classes (e.g.,.furniture) or
subordinate class objects (e.g.., stock caf). In ‘infant '
perceptual developmeht, visual sélectivities such as that
for form have been suggested to promote learning the‘
invariant properties of objects. Ruff (1980) notes that
variations such as color, which change across instances of
objects, may not be attended by the baby and may help to
focuslﬁttention on the object’'s relatively more inyariant
structure, such as its form.

These conceptualizations are related to the adaptive ’
role of yisuaf preferences. However, the same arguments

could be extended‘to explain why form is better remembered.

Within a serial processing model of infant recognition

memory, processing form before color would be based on
general propensities to extract the most useful information
first. One possible operationalization of usefulness of

information would be the categorization measures used by

. Rosch {1978). High-order information about objects such as

their form is usefﬁl in that it can direct processing .
towérds low-ordér, more detailed properties of those
objects. Furthermore, such higﬁ-order information abbears to
be‘availa very early in visual processing (Rosch, 1978).
Within th2‘:resent context, temporally ordered proceé;ing of

- stimulus attributes implies that brief presentations should

more - 1ikely result in memory for the more useful
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information--form. _

.An alternate explanation for the bigh percentage of
time spent looking at the variable forms considers the
processing requirements of different stimulus attbibutes.
Simply put, encoding of form may require a series ot o
fixations; encoding of color may not require extensive
scanning. This would point to an unequal distributiog of
processing effort. In the present context, the amount of
time processing form and color dimensions may not have been
the crucial variable; processing effort may have been
important. It may be that the infants encoded the form
variants with more effort. On the recognition tests, jt is
assumed that the features requiring active processing would
have representation in working memory (Crowder, 1976:
Uagner 1978). Specificelly, if an initial stiﬁulus
presentation resulted in more effort in the encod1ng of form
than color, subsequent discriminations between the fam1l1ar
and a nove! stimulus more likely would be made on the basis
of form. Neither of the above models is ungquivocally‘
suppor ted by the present data. Rather, thehdata.serve to’
indicate that concepts such as. serial processing and
processtng effort may be useful in developing a more
complete theoretical account &f infant recognition memory.

| An important point in- this regard is that

distinguishing between such alternative accounts may be -
possible, if difficult, with adults; with infants it may be
much more dffficult As has been noted, the possibility of

r
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obtaining shall. but stable differences on a particular
measure (e.g., reaction time) is importart if distinctions
such as the above are to be made. Infant pehavior such as
amount of looking to a novel stimulus usqa]ly does not meet
these specifications. A finer analysis of the infant’'s
visual behavior (e.g., eye movements) during recognition
memory tasks may reveal reliable differences of importance
for distinguishing between alternative accounts of

under lying processes.

The present findings are an indication that speed of
encoding has a weak but suggestive correlation with
salience. Another promising index of the relationship
between salience and memory is duration of retention, as
indicated by Strauss and Cohen (1980). Although they
discounted differsnces in cue salience as accounting for
differences in retention of form and color information, it
is unclear whether their operationalization of salience was
adequate. That is, equating one form and one colof cue for
salience may not be}the same as equating general dimen#ional
salience. The latter, as defined by the proce&ures used in
the present study, may predict which cues will be retained
longer. Again, should such results be obtained in future
research, process explanations should be sought.

In conclusion, the present findings contribute to the
| small body of evidence that infants, like adults, do not
remémber all things equally well. In particular, general

visual preferences for a dimension seem to indicate what is
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likely to be remembered. The processes that underlie this
differential encoding can be interpreted either within a
model of a serial processor or a model in which memory is a
function of encoding effort. In conclusion, it appears
necessary that future research on infant recognition memory
attempt to understand the bases and processes that underlie

selectivity in early memory.
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