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ABSTRACT: Adults’ memory performance on recognition (explicit memory) tests is sensitive
to stimulus size, but their performance on priming (implicit memory) tests is not. This memory
dissociation is taken as evidence for two, functionally distinct memory systems. Young infants,
however, are thought to possess only a single representational system that supports implicit
memory; the system that supports explicit memory is thought not to mature before 8—9 months
of age. In two experiments with 54 infants, we asked if 3-month-olds exhibit a memory disso-
ciation for stimulus size on recognition and priming tests. All infants learned to move a mobile
displaying +s of a given size. In Experiment 1, infants recognizedin the original size but

not 33% smaller or larger. In Experiment ;s were effective memory primes in a reactivation
task, irrespective of size. The finding that young infants exhibit a memory dissociation for
stimulus size adds to growing evidence that two memory systems are functional from early in
development. © 2000 John Wiley & Sons, In@ev Psychobiol 36: 123—135, 2000

Keywords: infant size perception; reactivation; memory development; visual perception

Objects in the physical world cannot be perceived in- and asked them to identify the objects. Adults who
dependent of their size, and information about object performed a same/different recognition task following
size is apparently encoded as a separable attribute intheir first exposure were slower to recognize previ-
the memory representation. Whether that information ously viewed objects that were larger or smaller than
is retrieved and used on a subsequent occasion, how-previously viewed objects whose size was unchanged.
ever, depends on the task at hand (Biederman & E. On a repetition priming task, however, adults’ naming
Cooper, 1992; L. Cooper, Schacter, Ballesteros, & latencies were faster whether the size of the previously
Moore, 1992; Ungerleider & Mishkin, 1982). Bied- viewed objects was the same or different. Biederman
erman and E. Cooper (1992), for example, presentedand E. Cooper interpreted these findings as evidence
adults with a set of line drawings of common objects that separate memory systems—one size-sensitive
and one size-insensitive—were tapped by the two dif-
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ing line drawings of unfamiliar objects, some of which

could actually exist in three-dimensional space (“pos-
sible objects”) and some of which could not (“impos-

sible objects”). Adults judged the direction that each
object faced on its first exposure and, following a de-
lay, received either a recognition test (old/new judg-
ment) or a priming (possible/impossible object deci-

cause this result was part of a control manipulation in
the service of another experimental question, however,
the control groups necessary to confirm this conclu-
sion were not tested, nor were the groups necessary to
resolve whether 3-month-olds also possess a func-
tional, size-insensitive representational system.

In the present study, we asked whether 3-month-

sion) test. The size of the objects was manipulated olds, like adults, possess two memory systems—one
between the first and second exposures. They foundthat is size-sensitive and one that is not. Following the
that adults’ latency to recognize old objects at a new experimental approach previously used with adults,
size was substantially slower than their latency to rec- we assessed infants’ sensitivity to a size change using
ognize old objects at their original size. Adults’ per- the same stimuli in a delayed recognition task (Exper-
formance on the object decision task, however, was iment 1) and in a priming task (Experiment 2). If both
not sensitive to a change in size. They exhibited equal memory systems are functional by 3 months of age,
priming whether the size of the possible objects was then infants should exhibit a task-specific dissociation,
changed or not, although impossible objects showed detecting a size change in the recognition task but not

no priming effect. Like Biederman and E. Cooper, L.
Cooper et al. attributed this dissociation in adults’
memory performance on the recognition and object
decision (priming) tasks to two, functionally distinct
memory systems, one that supports explicit memory

(the size-sensitive system) and one that supports im-

plicit memory (the size-insensitive system).

A number of researchers have examined infants’
ability to perceive size (Bower, 1966; Day & Mc-
Kenzie, 1981; Fantz & Fagan, 1975; Granrud, Haake,
& Yonas, 1985; McKenzie, Tootell, & Day, 1980;
Skouteris, McKenzie, & Day, 1992). Using a habitu-
ation/discrimination task, for example, McKenzie and
colleagues (Day & McKenzie, 1981; McKenzie et al.,
1980) found that infants could perceive an object’s
true size byd¥2 months of age. Using a reaching task,
Granrud et al. (1985) subsequently found that 7-
month-olds were sensitive to familiar size, but 5-
month-olds were not. They concluded that the repre-
sentation of object size in infancy was not present prior
to the appearance of binocular vision.

Subsequently, however, Slater, Mattock, and
Brown (1990) reported that newborns who were fa-
miliarized with a cube of a single size at different dis-

tances looked longer at a test cube of a different (dis-

in the priming task.

Before proceeding, we should explain the rationale
underlying the mobile procedure. Because prelinguis-
tic infants lack a verbal response to tell us what they
do and do not recognize, we provide them with a mo-
toric one. To this end, we initially train infants to kick
to move a crib mobile that displays the target stimuli.
Later, we test infants with a mobile that displays stim-
uli which are either the same as or different from those
on the training mobile. Infants “tell” us if they perceive
the stimuli on the test mobile as the same or different
by their kicking behavior. If they kick significantly
above baseline, then they are saying “yes” or “same;”
if they do not kick above baseline, then they are saying
“no” or “different.” We have repeatedly found that 3-
month-olds whose test mobile is the same as the train-
ing mobile exhibit near-perfect retention for several
days after training but discriminate if a test mobile
differs from the training mobile over this same period.

EXPERIMENT 1: DELAYED RECOGNITION
TASK

Infants’ ability to recognize stimulus size was assessed

tal) size. This result was obtained despite the fact that by training them with a mobile displayings in a

the two test cubes were equated for (proximal) retinal

image size. Slater et al. concluded that newborns pos-
sess the ability to compute size constancy. To dem-

particular size and giving them a delayed recognition
test 24 hr later with a mobile displayings that were
either 33% larger or smaller. Because 3-month-olds

onstrate size constancy, however, newborns must havecontinue to recognize & mobile for at least 1 week
encoded the actual (distal) size of the object, meaning after training (Adler & Rovee-Collier, 1994), testing
that a size-sensitive representational system must bethem with a mobile that displayees in either the

functional early in life. Data consistent with this in-

terpretation were obtained by Adler and Rovee-Collier
(1994), who found that 3-month-olds failed to recog-
nize a test mobile 24 hr after training in an operant
task if it displayed Ls that were 25% smaller than the
Ls that had been displayed on the training mobile. Be-

same or a different size only 1 day after training was
tantamount to asking “Is this mobile the same as your
training mobile or is it different?” Were infants to rec-
ognize the test stimuli in their original size but not
when their size was different, then we would conclude
that they had encoded the size of the original stimuli



Dissociation in Infants’ Memory for Stimulus Size 125

and discriminated a change in size during the delayed an acquisition phasey = 1). This level of attrition is
recognition test. This result, in turn, would be taken typical of multisession studies in which each infant has
as evidence that 3-month-olds possess a functionalseveral opportunities to be lost from the sample (e.g.,
size-sensitive memory system. Greco, Hayne, & Rovee-Collier, 1990).

Method Apparatus and Stimuli.Mobiles were composed of
seven pink disks, each of which displayed a pair of
Participants. Infants were twenty-four 3-month-olds computer-generated black bars arranged as an
(8 males, 16 females) with a mean age of 95.0 days both sides (see Figures 1a and 1b). All disks on a given
(SD = 10.1) on their first day of training. They were mobile were either 3 in. or 4 in. (diameter), and the
recruited from birth announcements published in local dimensions of the crossed bars were either X@25
newspapers and by word-of-mouth and were randomly in. (small+s) or 1.33X 0.33in. (larget+s). When the
assigned to test groups as they became available formobile was suspended 9 in. above the infant’'s upper
study. Infants were Asiam(= 1), Hispanic (i = 2), abdomen, the disks antls subtended a visual angle
Caucasianr( = 20), and Otherr{ = 1). Their parents’ of approximately 18.5 degrees (3-in. disk), 24 degrees
mean socioeconomic index (Nakao & Treas, 1992) (4-in. disk), 6.3 degrees (smalt), and 8.4 degrees
was 63.9 §D = 19.9), and their mean educational (large +). These stimuli were slightly larger than the
attainment was 14.9 yearSIp = 1.8). Additional in- stimuli used by Biederman and E. Cooper (1992) in
fants were dropped from the final sample for either order to compensate for any maturational deficiency
crying longer than 2 consecutive mim+£ 9) or falling in visual acuity.
asleep it = 1) in any of the three sessions, or failing The mobile was hung from one of two L-shaped
to meet the learning criterion (responding 1.5 times metal stands (BCS, South Plainfield, NJ) that were
above operant level in 2 of any 3 consecutive min of clamped to opposite rails of the infant’'s home crib.

FIGURE 1 (a) The experimental arrangement during a delayed recognition test with a 3-month-
old (Experiment 1). Note that the ribbon is connected to the empty stand, preventing the infant from
activating the mobile during the test. (b) The experimental arrangement during priming (reactivation)
with a 3-month-old (Experiment 2). Here, the ribbon is not connected to the infant’s ankle, preventing
the infant from moving the mobile by kicking.
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During reinforcement periods, a white ribbon con- was trained with smalk-s on 3-in. disks and was
nected one of the infant’'s ankles to the same hook astested with largets on 3-in. disks (and vice versa).
the mobile. This arrangement allowed the infant's Thedisk size-changgroup was trained with smatts
kicks to move the mobile in a manner commensurate on 3-in. disks and was tested with smals on 4-in.
with the rate and vigor of kicking (“conjugate rein- disks (and vice versa). This group was included to
forcement”). During nonreinforcement periods, the qualify the basis for the expected size discrimination
ankle ribbon was connected to the empty mobile hook. by the symbol size-change group, that is, whether the
In this arrangement, the infant could see the mobile proportion of figure to ground contributed to the per-
but kicks could not move it. ceived size difference from training to testing. The
both size-changeontrol group was trained with small
Procedure. Infants were trained and tested in their +s on 3-in. disks and was tested with largs on 4-
homes during a typical play period. This time varied in. disks (and vice versa). This group was included to
among infants but remained relatively constant across insure that infants’ expected size discrimination was
sessions for a given infant. All infants received a 15- not based on a perceived differences in the overall
min training session on each of 2 consecutive days and brightness of the training and test disks.
a 3-min delayed recognition test 24 hr later.

Each training session began with a 3-min nonre-
inforcement period. In Session 1, this was biaseline
phase when the mean kicks per min defined the in- Retention was assessed in terms of two measures that
fant’'s base rate of unlearned activity (operant level). we have used in all previous studies of infant memory
Next followed a 9-min reinforcement perioddqui- (Rovee-Collier, 1996; Rovee-Collier & Gerhardstein,
sition), when kicks moved the mobile. Finally, each 1997). The primary measure, thaseline ratiaLRT/
session ended with another 3-min nonreinforcement B), reflects the extent to which an infant’s rate of
period. In Session 2, this was tiremediate retention  learned responding during the long-term test (LRT)
test when the infant’s final level of learning and re- exceeded that same infant’s rate of unlearned respond-
tention after zero delay was measured. Twenty-four ing, or operant level, during the baseline phase (B).
hours later, infants receivedang-term retention test ~ Therefore, a mean baseline ratio significantly greater
during another 3-min nonreinforcement period (see than the theoretical population baseline ratio of 1.00
Figure 1a), when the infant’s rate of responding to the indicates that a group continued to respond signifi-
test mobile was measured. Following the long-term cantly above its pretraining rate after a substantial re-
test, reinforcement was reintroduced as a control pro- tention interval (i.e., the group exhibited significant
cedure to insure that any infants who had respondedretention). A mean baseline ratio not significantly
poorly during the test were not ill, fatigued, or un- greater than 1.00, however, indicates that a group’s
motivated on that particular day. None were. rate of learned responding during the long-term test

During all sessions, an experimenter stood out of could not be distinguished from its pretraining rate of
the infant’s direct line of sight and recorded the num- unlearned responding (i.e., the group exhibited no re-
ber of kicks per min of the foot with the attached rib- tention).
bon. Kicks were defined as any upwards or sideways The second measure, thetention ratio (LRT/
excursion of the foot that at least partially retraced its IRT), expresses each infant’s kick rate during the LRT
original path in a smooth and continuous motion as a fraction of that same infant’s kick rate at the very
(Rovee & Rovee, 1969). A naive observer, blind with end of training, during the immediate retention test
respect to the experimental design and hypotheses, in-(IRT). This measure provides information about the
dependently recorded kicks for 171 min during 12 ran- degree of forgetting by groups that exhibited retention
domly selected sessions of 7 infants in Experiments 1 in the first place. It assumes that forgetting takes place
and 2. A Pearson product-moment correlation, com- gradually over the retention interval, such that the
puted over the joint response counts per min, yielded level of learned performance will progressively de-
an interobserver reliability coefficient of 0.93. cline as the time between the end of training and test-

ing increases—an assumption that we have repeatedly
Design. Infants were randomly assigned to four validated (Adler, Gerhardstein, & Rovee-Collier,
groups O = 6). Infants in theno size-changgroup 1998; Hayne, 1990; Sullivan, Rovee-Collier, & Tynes,
were trained and tested with exactly the same disks (3- 1979). A mean retention ratio significantly less than a
in) and+s (half small, half large). Within each of the theoretical population retention ratio of 1.00 indicates
remaining groups, the training and test combinations significant discrimination or forgetting, depending on
were counterbalanced. Tisgmbol size-changgroup whether the delay is short or long, respectively. Con-

Retention Measures
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versely, a mean retention ratio not significantly less fence value, respectively, and ttifor that group was
than 1.00 indicates that the group’s memory perform- adjusted accordingly (Tukey, 1977). As it turned out,
ance after a delay was as strong as it was after nothere were no low-end outliers in the baseline ratios
delay. Because baseline ratios not significantly greater of any group in either experiment, and corrections did
than 1.00 typically are accompanied by retention ratios not alter the outcome of any significance test in either
significantly less than 1.00 (i.e., both ratios indicate no experiment.
retention), conclusions regarding long-term retention  To determine whether any group recognized its test
are always based on theint analysis of these two  mobile, we used directiondltests to compare each
ratios. This practice safeguards against accepting con-group’s mean baseline ratio and retention ratio (see
clusions based on the null hypothesis. Table 1) against the corresponding theoretical popu-
lation values of 1.00. The no size-change group had a
mean baseline ratio significantly above 1.¢®) =
3.68,p < .007, indicating that infants in this group
recognized the original training mobile during the
Separate one-way analyses of variance (ANOVAS) long-term test. The three size-change groups, in con-
over infants’ absolute kick rates during the baseline trast, failed to kick above their original baseline rates,
and immediate retention test phases indicated that theindicating that they discriminated a change in the size
four groups did not differ either before traininig(3, of the +, t(4) < 1, a change in the size of the disk,
20) < 1, or afterwardF(3, 20)= 1.14, n.s. (see Table t(5) < 1, and a change in the size of both theand
1). Thus, any subsequent differences in their retention the diskt(4) = 1.10, n.s. (see Figure 2). Identical tests
could not be attributed to differences in unlearned ac- of the corresponding retention ratios confirmed that
tivity or final level of learning, respectively. these groups discriminated the three altered test mo-
An outlier data correction procedure was applied biles from the original training mobile. All size-change
prior to analyses of all baseline and retention ratios. groups had mean retention ratios significantly less than
Scores falling above or below the 90th percentile for 1.00 whether the size of the, t(5) = 5.19,p < .002,
a given group were replaced with the upper or lower the size of the diski(5) = 3.22,p < .02, or the size

Results and Discussion

Table 1. Mean Kick Rates During the Baseline (BASE), Immediate Retention Test (IRT), and Long-Term Retention
Test (LRT) Phases, Mean Baseline Ratios (BR) and Retention Ratios (RR) for Delayed Recognition Test Groups
(Experiment 1) and Priming (Reactivation) Test Groups (Experiment 2)

Group BASE IRT LRT BR RR
Experiment 1: Delayed Recognition
No change 6.44 12.38 10.16 1.63* 0.82**
(0.97) (2.00) (1.12) (2.17) (0.05)
Symbol change 7.60 18.99 6.05 0?95 0.42**
(2.78) (4.87) (0.56) (0.22) (0.11)
Disk change 9.88 21.22 11.27 1.19 0.57**
(2.52) (4.57) (3.13) (0.23) (0.13)
Both change control 8.00 16.38 11.16 r23 0.64**a
(0.83) (2.19) (2.15) (0.18) (0.10)
Experiment 2: Priming (Reactivation)
Size change react 4.58 10.67 8.33 2.02* 0.87
(2.24) (3.76) (2.8) (0.27) (0.14)
No change control 8.04 20.04 15.08 2.24* 0.96
(3.40) (10.59) (4.13) (0.47) (0.14)
Forgetting control 6.21 15.17 6.00 1.09 0.41**
(2.42) (9.20) (2.75) (0.25) (0.06)
Reactivation control 8.30 - 6.22 0.69 -
2.77) - (3.32) (0.14) -

Note.Parentheses containl SE

*Significant recognition (i.e., BR significantly 1.00). **Significant discrimination (Experiment 1) or forgetting (Experiment 2) (i.e., RR
significantly<1). 2An outlier correction (Tukey, 1977) was applied prior to calculation of this statistic. Adjusting the value did not affect the
outcome of the significance test.
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thought it prudent to insure that the no size-change
group did not show retention simply because the in-
fants in that group were required to kick at a lower

absolute rate during the long-term test in order to ex-
= B hibit significant retention. As a check against this pos-
sibility, therefore, we conducted a tie-breaking anal-
ysis (Biederman & Tsao, 1979; Campbell, 1969) in
ol | " which the no size-change group was successively
compared with each of the remaining three groups. For

Sasedre RabD

this analysis, we iteratively removed the infant with

the lowest baseline from the no size-change group and

Ao o B o Change with which it was being compared until the mean base-

“ "T_ the infant with the highest baseline from the group
Chage Change: Casngs R .. . . .

line of the remaining infants in the no size-change

Eusliryes! Macogubion Tam Qroi group was higher than that of the remaining infants in

FIGURE 2 The delayed recognition performance of three the comparison group, and then we again performed
size-change groups (symbol, disk, both) and a no size- directionalt tests on the baseline ratios of the adjusted
change group tested 24 hr after training in Experiment 1. groups.
The asterisk indicates that only the no size-change group  These analyses reiterated the original findings: In
recognized the test mobil&/(baseline ratio> 1.00). Ver- each case, the no size-change group still showed sig-
tical bars indicater 1 SE nificant recognition M baseline ratio significantly
1.00) whereas the remaining three groups still showed
none M baseline ratios not significantty 1.00). Ta-
ble 2 presents the mean baseline and baseline ratio of
of both,t(3) = 3.47,p < .02, was different duringthe  each group following the correction as well as the
24-hr test. number of infants removed for each pairing of the no
Of the four groups, the no size-change group had size-change group and the other three groups. Also
the lowest mean baseline rate prior to training. Al- presented are theand p values that were obtained
though group baseline rates had not differed, we following each adjustment.

Table 2. Mean Kick Rates During the Baseline and Comparison of Mean Baseline Ratios After Removal of Infants
Following a Tie-Breaking Analysis for Delayed Recognition Test Groups (Experiment 1) and Priming (Reactivation)
Test Groups (Experiment 2)

Prior After After Infants
M Baseline M Baseline M BR p Removed
Experiment 1 (Delayed Recognition)
No-Change 6.44 (0.97) 6.86 (1.07) 1.56 (0.19) <.03 1
versus
Symbol-Change 7.60 (1.78) 6.13 (1.23) 1.09 (0.21) n.s. 1
No-Change 6.44 (0.97) 7.41 (1.19) 1.39 (0.10) <.02 2
versus
DiskChange 9.88 (2.52) 6.08 (0.96) 1.26 (0.35) n.s. 2
No-Change 6.44 (0.97) 7.41 (1.19) 1.39 (0.10) <.02 2
versus
Both-Change 8.00 (0.83) 7.00 (0.82) 1.16 (0.29) n.s. 2
Experiment 2 (Reactivation)

Size-Change 4.58 (0.79) 5.39 (0.32) 1.81 (0.32) .05 2
versus
Forget-Control 6.20 (0.85) 5.00 (0.32) 1.22 (0.32) n.s. 2
Size Change 4.58 (0.79) 5.87 (0.75) 1.92 (0.77) .05 2
versus
React-Control 8.30 (2.77) 4.79 (0.84) 0.74 (0.12) n.s. 2

Note.The No-Change group baseline was the highest of all four groups and was therefore not included. Parentheseslc8htain
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As a final analysis, we performed a planned com- tention on a subsequent test, presumably through re-
parison between the mean baseline and retention ratiosactivating or increasing the accessibility of a prior
of the no size-change group, which was the only group memory representation (Tulving & Schacter, 1990).
that recognized its test mobile, and the critical symbol Infants who are presented with a memory prime during
size-change group. This analysis revealed that the two a reactivation treatment at a time when they no longer
groups differed significantly on both baseline ratio can recognize the priming stimulus also show facili-
measuref(1, 20)= 5.63,p < .03, and retention ratio  tated retention on a subsequent retention test, and such
measuref(1, 20) = 7.25,p < .02, confirming that  facilitation is also thought to result from reactivating
infants’ size sensitivity on the delayed recognition test or increasing the accessibility of a prior memory rep-
was a real phenomenon. resentation (Spear, 1973). In fact, without prior ex-

The results of Experiment 1 reveal that 3-month- posure to a memory prime infants display no retention
old infants encode a memory representation that in- on the ensuing test, but following exposure to a prime
cludes precise information about stimulus size and can they exhibit near-perfect retention on the ensuing test
retrieve that memory representation after a delay of at (Rovee-Collier, Sullivan, Enright, Lucas, & Fagen,
least 24 hr. The failure of the disk size-change group 1980).
to exhibit delayed recognition suggests that a change Amnesics also exhibit excellent memory perform-
in the relative proportion of figure to ground on the ance for previously exposed words on priming test
disks of the test mobile contributed to the size discrim- even though they cannot recognize the same items
ination that was exhibited by the symbol size-change (Warrington & Weiskrantz, 1970). Their memory dis-
group. Because the size of the symbols was the samesociation on recognition and priming tests has been
on the training mobile and the test mobile, the disk taken as evidence that priming involves a memory sys-
size-change group would otherwise have recognized tem different from the memory system that mediates
its test mobile instead of discriminating it. Finally, the explicit memory. Priming in adults is also very long-
failure of the both size-change control group to exhibit lasting. Although adults’ recognition declines gradu-
delayed recognition confirms that the discrimination ally over delay, they still respond successfully in a
exhibited by the symbol and the disk size-change repetition priming task after a 48-week delay (Cave,
groups was not based on a perceived difference in 1997). Similarly, infants also exhibit long-lasting
overall brightness. Had these groups responded on thepriming. Although 3-month-olds gradually forget
basis of a change in brightness rather than a change inmost stimuli within 1 week, their retention following
size, then the both-change group would have recog- exposure to a prime after a 4-week delay is near-per-
nized the test mobile instead of discriminating it be- fect (Rovee-Collier et al., 1980; Spear, 1973).
cause the training and test mobiles contained the same Biederman and E. Cooper (1992) and L. Cooper et
proportion of light/dark. al. (1992) demonstrated that adults’ memory perform-

These results replicate the prior observation of Ad- ance on a repetition priming task is not affected by
ler and Rovee-Collier (1994) and provide compelling size changes whereas their memory performance on a
evidence that 3-month-old infants possess a functional recognition task is. They attributed adults’ lack of size
memory system that is sensitive to stimulus size. sensitivity on the repetition priming task to the oper-

ation of a different representational system. Recently,

evidence has begun to appear that a number of other
EXPERIMENT 2: PRIMING fundamental perceptual changes, including changes in
(REACTIVATION) TASK position, reflection, and some changes in viewpoint,

do not affect repetition priming in adults as well (Bied-
Experiment 1 revealed that 3-month-olds, like adults, erman & E. Cooper, 1991a, 1991b; Biederman & Ger-
are sensitive to a change in stimulus size when testedhardstein, 1993; E. Cooper, Biederman, & Hummel,
in a delayed recognition task. In Experiment 2, we 1992; L. Cooper et al., 1992). This evidence seems to
asked if infants would also exhibit an insensitivity to  contradict our previous findings from studies with in-
size in a priming task. If so, then this would be taken fants that only a prime which strikes a fairly veridical
as evidence that they also possess a functional memorymatch with the stimulus attributes in the original mem-
system that is insensitive to stimulus size. Repetition ory representation can reactivate it—a generalized
priming is described as a perceptual phenomenon in memory prime cannot (Rovee-Collier & Hayne,
which the initial perceptual processing of a stimulus 1987). In fact, we have never previously encountered
makes future processing of the same or a highly sim- an instance in which a stimulus that infants discrimi-
ilar stimulus more rapid (Cave, 1997). Adults who are nated during a 24-hr recognition test was an effective
presented with a memory prime exhibit facilitated re- memory prime. For example, 3-month-olds discrimi-
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nate a test mobile that contains more than a single parents’ mean socioeconomic index (Nakao & Treas,
object that was not on the training mobile during a 24- 1992) was 60.3§D = 19.0) and their mean educa-
hr recognition test (Hayne, Greco, Earley, Griesler, & tional attainment was 14.7 yearS[} = 1.6). Addi-
Rovee-Collier, 1986), and that same altered mobile is tional infants were dropped from the final sample for

not an effective memory prime 2 weeks later (Rovee-
Collier, Hankins, & Bhatt, 1992). Likewise, when 3-

month-olds are trained with a mobile displaying Ls,
they discriminate a mobile displaying Ts during a 1-
hr recognition test (Adler & Rovee-Collier, 1994); that
same T mobile is not an effective memory prime 2
weeks later (Rovee-Collier et al., 1992). In studies

crying longer than 2 consecutive min in any of the four
sessionsi( = 5), failing to meet the learning criterion
(n = 3), and failing to maintain a supine position in
any sessionn(= 1).

Apparatus and Stimuli. The apparatus and stimuli
were the same as in Experiment 1. To minimize leg

with adults, changing aspects of the physical appear- movement during priming, infants were strapped into
ance of an item other than its size, reflectance, and soa sling-type infant seat that was placed inside their
forth (e.g., from handwritten to typed words) between crib. Also during priming, the ribbon was not attached
study and test similarly reduces the amount of priming to the infant’s ankle but was held by the experimenter,
(for review, see Richardson-Klavehn & Bjork, 1988). who drew and released it to move the mobile.

This fact has lent support to suggestions that the in-

voluntary, automatic processing that characterizes vi- Procedure. The training and testing procedures were
sual repetition priming is related to brain mechanisms the same as in Experiment 1 except that the long-term
that analyze perceptual information (Grossberg, Min- retention test with the original mobile was adminis-
golla, & Ross, 1997; Jacoby & Dallas, 1981; Musen tered 2 weeks after the end of training, 1 day after the

& Treisman, 1990; Richardson-Klavehn, Gardiner, &
Java, 1994; Tulving & Schacter, 1990).

3-min priming (reactivation) procedure. During prim-
ing, infants were exposed to a mobile (the prime) that

Because infants had discriminated a change in the was being moved noncontingently by the experi-

size of the test symbol in the 24-hr delayed recognition
test in Experiment 1, therefore, we thought it unlikely
that a stimulus altered in size would be an effective
memory prime. The results of priming studies with
adults (Biederman & E. Cooper, 1992; L. Cooper et
al., 1992), however, predicted that infants would show
a size-insensitivity in the priming (reactivation) task if
both implicit and explicit memory systems were func-
tional. Experiment 2 was designed to resolve this is-
sue. To this end, we primed infants with a mobile con-
taining +s that were 33% larger or smaller than the
+s on the training mobile—the same stimuli that in-
fants in the symbol size-change group had discrimi-
nated in Experiment 1. If the different-sized prime
were to successfully reactivate the training memory,
then infants would exhibit excellent retention during
the ensuing memory test. This result, in turn, would

menter at the same rate that each infant had kicked to
move it during the final 3 min of acquisition (see Fig-
ure 1b). Whether the memory prime was effective was
assessed 1 day later in terms of whether infants exhib-
ited renewed retention when tested with the original
training mobile.

Design. Four independent groups of infants were
trained for 2 days with either small or larges on 3-

in. disks; the size of the-s used during training was
counterbalanced within groups. Infants in ganbol
size-changgroup f = 8) were primed with a mobile
that displayedts of the other (nonstudied) size 24 hr
before the 2-week retention test with the original train-
ing mobile. Theforgetting controlgroup f = 8) was
not exposed to a memory prime prior to testing 2
weeks later with the original training mobile, and the

be taken as evidence that 3-month-olds possess a funcreactivation controlgroup fi = 6) was primed and

tional size-insensitive representational system.

Method

Participants. Infants in this experiment were thirty 3-

tested 1 day later but was not originally trained. The
baseline rates of infants in the reactivation control
group were measured in Session 1, and the rate at
which the experimenter moved the mobile prime for
each infant was yoked to the rate that the prime was

month-olds (15 males, 15 females) with a mean age moved for a corresponding infant in the experimental

of 93.3 days $D = 8.9) on the first day of training.

group. These are the standard control groups that are

They were recruited as before and assigned to threeused in all reactivation studies to insure that subjects
groups as they became available for study. Infants who are not primed display no retention and that prim-

were African Americanr{ = 1), Hispanic ( = 2),
Caucasianr( = 25), and Not Reportech(= 2). Their

ing, per se, does not induce new learning, respectively
(Campbell & Jaynes, 1966). Finallyn@-change con-



trol group fi = 8) in which infants were trained,

Dissociation in Infants’ Memory for Stimulus Size 131

Thus, even though the memory prime displayeslin

primed, and tested with the same mobile was included a size different from the size of thes on the training

to provide a baseline for assessing the degree of prim-

ing in the symbol size-change group.

Results and Discussion

As before, separate one-way ANOVAs over the
absolute number of kicks yielded no significant

differences among the four groups during the base-

line phaseF(3, 26) = 1.50, n.s., or among the three
trained groups during the immediate retention test,
F(2, 21) = 2.50, n.s., indicating that groups did not
differ either before or after training, respectively (see

mobile, it successfully reactivated the original mem-
ory.

In contrast, the forgetting control group and the re-
activation control group exhibited no retention what-
soever. Neither group had a mean baseline ratio sig-
nificantly greater than 1.00, botts < 1, and the
forgetting control group had a mean retention ratio
significantly less than 1.0Q(7) = 9.36,p < .0001.
(Because the reactivation control group was not orig-
inally trained, it had no retention ratio.) Campbell and
Jaynes (1966) and Spear and Parsons (1976) estab-
lished that both prior training and priming are neces-

Table 1). Thus, any subsequent differences in retention sary control conditions in order for the consequence

could not be attributed to differences in unlearned ac-

tivity or the final level of learning, respectively.
Directionalt tests were again used to compare the

of priming to be interpreted in terms of memory re-
trieval. Here, the absence of retention in the two con-
trol groups was evidence that these preconditions were

mean baseline and retention ratios against the corre-satisfied.

sponding theoretical ratios of 1.00 (see Table 1). As

Recall that retention ratios are sensitive to the de-

in Experiment 1, the results were straightforward (see gree of retention whereas baseline ratios are not. Be-
Figure 3). As expected, the no-change control group cause the relative priming performance of the different
exhibited excellent retention, with a mean baseline ra- groups in Experiment 2 was of interest so that the

tio significantly above 1.0G(7) = 2.65,p < .02, and
a mean retention ratio not significantly less than 1.00,
t(7) < 1. Surprisingly, however, the symbol size-

change reactivation group also displayed excellent re-

tention 1 day after being exposed to the memory
prime. Its mean baseline ratio was significantly above
1.00,t(7) = 3.73,p < .004, and its mean retention
ratio was not significantly less than 1.0@7) < 1.

present results could be directly compared with those
of Biederman and E. Cooper (1992), we also con-
ducted a one-way ANOVA over the retention ratios of
the size change reactivation group, the no-change re-
activation group, and the forgetting control group.
This analysis yielded a significant effect of gro&2,

21) = 6.34,p < .007. Comparisons between individ-
ual groups indicated that the effect was due to the per-
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FIGURE 3 Memory performance of the symbol size-change reactivation group 24 hr after priming
and three control groups in Experiment 2. Asterisks indicate that the symbol size-change and the
no-change groups exhibited significant retention 1 day after primihddseline ratic> 1.00).

Vertical bars indicate: 1 SE
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formance of the forgetting control group, whose reten- transformations on recognition (L. Cooper et al., 1992;
tion ratio was significantly less than those of the size Schacter et al., 1993). In amnesia, implicit memory is
change reactivation grout{14) = 3.05,p < .008, and spared but explicit memory is not (Graf & Schacter,
the no-change reactivation groufl4) = 3.26,p < 1985; Graf, Squire, & Mandler, 1984; Warrington &
.005, which did not differ{(14) < 1. Thus, a stimulus ~ Weiskrantz, 1970, 1982). For almost a decade and a
displaying size-altered stimuli was as effective amem- half, however, researchers have generally assumed
ory prime as one displaying stimuli whose size was that infants possess only the capacity for implicit
not altered. The same pattern emerged when the Tukeymemory until late in the first postnatal year, when the
WSD post hoc test was used. Finally, we again con- system that supports explicit memory was thought to
ducted a tie-breaking analysis in which we succes- become functionally mature (Bachevalier & Mishkin,
sively compared the baseline ratio of the experimental 1984; Kagan & Hamburg, 1981; Nadel, 1992, 1994,
group with that of the other groups (Biederman & Nadel, Willner, & Kurz, 1985; Naito, 1990; Naito &
Tsao, 1979; Campbell, 1969). As before, these anal- Komatsu, 1993; Nelson, 1995; Parkin, 1989; Schacter
yses reiterated the original findings (see Table 2). & Moscovitch, 1984; Tulving & Schacter, 1990). Re-
We were surprised by the results of Experiment 2 cently, however, operant studies using mobiles (Adler
given our previous studies of priming with infants. The et al.,, 1998; Bhatt & Rovee-Collier, 1997; Gulya,
present results revealed for the first time that 3-month- Rovee-Collier, Galluccio, & Wilk, 1998; Hartshorn et
olds’ memory for stimuli of a particular size could be al., 1998; Hildreth & Rovee-Collier, in press) and
primed by a stimulus that infants had discriminated in studies of deferred imitation (Barr, Dowden, & Hayne,
the delayed recognition test in Experiment 1. The find- 1996; Hayne & Campbell, 1997; Meltzoff & Moore,
ing that infants’ memory was effectively primed by a 1994) with infants aged 6 months and younger have
stimulus differing in size from the size of the training found evidence that both memory systems are func-
stimulus demonstrated that 3-month-olds, like adults tional early in infancy (for review, see Rovee-Collier,
(Biederman & E. Cooper, 1992; Ungerleider & Mish- 1997). The present finding that 3-month-olds, like
kin, 1982), possess a size-insensitive memory systemadults, encode both size-sensitive and size-insensitive
in addition to a size-sensitive memory system. memory representations and exhibit a memory disso-
ciation in response to a change in stimulus size on
priming and recognition tasks adds to the growing ev-
GENERAL DISCUSSION idence that the two memory systems develop in par-
allel rather than hierarchically during the first year of
The combined results of Experiments 1 and 2 docu- life.
ment a task-specific dissociation in 3-month-olds’ Despite evidence that young infants exhibit mem-
memory for stimulus size. In Experiment 1, infants’ ory dissociations on priming and recognition tasks that
memory performance in a delayed recognition task are functionally identical to the memory dissociations
was size-sensitive whereas in Experiment 2 infants’ that are exhibited by adults—and do so in response
memory performance in a priming task was size-in- to manipulations of the same independent variables
sensitive. This dissociation is identical to the dissoci- (Rovee-Collier, 1997), developmental and cognitive
ation that researchers have recently found in adults’ psychologists have resisted conclusions that infants
memory for size in recognition and priming tasks. If possess two functionally distinct memory systems.
memory dissociations are to be taken as the diagnosticlronically, those who hold that very young infants pos-
for two separate and functionally distinct memory sys- sessonly the system that supports implicit memory
tems (Biederman & E. Cooper, 1992; Schacter, 1987; have not challenged whether the recognition task used
Shimamura, 1986; Squire, 1986; Tulving & Schacter, with infants as a measure of explicit memory is anal-
1990), then we conclude that two memory systems are ogous to the recognition task that is used with adults
functional by 3 months of age—one that is size-sen- but, rather, whether the priming task (reactivation) that
sitive and supports explicit memory and one that is has been used with infants as a measurenglicit
size-insensitive and supports implicit memory. memoryis equivalent to priming tasks that have been
The suggestion that size-sensitive and size-insen-used with adults. The basis for this challenge has been
sitive memory performance on recognition and prim- the fact that the time required by very young infants
ing tests are mediated by different underlying memory to respond to a memory prime in a reactivation task is
systems has been supported by evidence that both normuch longer than the time required by adults to re-
mal adults and amnesics display preserved priming spond to a memory prime in, for example, a word-
across size transformations (Schacter, L. Cooper, & stem completion task. Recently, however, Hildreth
Treadwell, 1993), but only normal adults detect size and Rovee-Collier (in press) have reported that the la-



tency of infants’ response to a memory prime in a

reactivation task decreases linearly over the first year

of life until, by 1 year of age, they respond to a mem-
ory prime instantaneously, as do adults. This finding
has provided additional evidence that priming in re-
activation tasks with infants is the same automatic,

perceptual identification phenomenon as repetition g;

priming in studies with adults.
Apart from its implications for the early develop-
ment of explicit memory, the finding that 3-month-
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Biederman, I., & Cooper, E. E. (1992). Scale invariance in
visual object priming. Journal of Experimental Psychol-
ogy: Human Perception and Performance, 18, 121-133.

Biederman, |., & Gerhardstein, P. (1993). Recognizing

depth-rotated objects: Evidence for 3D viewpoint invari-

ance. Journal of Experimental Psychology: Human Per-

ception and Performance, 19, 1162—-1182.

ederman, I., & Tsao, Y. (1979). On processing Chinese

ideographs and English words: Some implications from

Stroop-test results. Cognitive Psychology, 11, 125-132.

Bower, T. G. R. (1966). The visual world of infants. Sci-

olds can represent an object at a specific size and can entific American, 215, 80—92.

discriminate that particular size from other sizes 24 hr
later is interesting in its own right. The present finding

Campbell, B. A, & Jaynes, J. (1966). Reinstatement. Psy-
chological Review, 73, 478—480.

confirms that the reported appearance of relative size Campbell, D. T. (1969). Reforms as experiments. American

judgments at 7 months (Granrud et al., 1985) does not

reflect the sudden “switching on” of a size-sensitive

representational system but the task used to assess it
When infants are tested in a task that does not require
reaching, even newborns demonstrate the ability to

Psychologist, 24, 409-429.

Cave, C. B. (1997). Very long-lasting priming in picture
naming. Psychological Science, 8, 322—-325.

Cooper, E. E., Biederman, I., & Hummel, J. E. (1992). Shape
invariance: A review and further evidence. Canadian Jour-
nal of Psychology, 46, 191-214.

perceive and encode precise information about object cooper, L. A., Schacter, D. L., Ballesteros, S., & Moore, C.

size (Slater et al., 1990).
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