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Abstract
The first years of life are witness to rapid changes in long-term recall ability. In the present
research, we contributed to explanation of the changes by testing the absolute and relative
contributions to long-term recall of encoding and post-encoding processes. Using elicited
imitation, we sampled the status of 16-, 20-, and 24-month-old infants’ memory representations at
various time points after experience of events. In Experiment 1, infants were tested immediately, 1
week after encoding, and again after 1 month. The measure of 1-week trace status was a unique
predictor of 1-month delayed recall. In Experiment 2, infants were tested immediately, 15 minutes,
48 hours, and 2 weeks after encoding, and again 1 month later. The measures of 15-minute and
48-hour trace strength contributed unique variance in 1-month delayed recall. The findings
highlight the need to consider post-encoding processes in explanations of variability in long-term
memory in infancy.
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The ability to recall past events is a basic human capacity on which we depend. It allows us
to remember the names and faces of people we have met, places we have gone, and in
essence is a central part of what makes us who we are. Memory for events from the past
begins to develop early in life and undergoes pronounced changes throughout infancy and
beyond (for reviews see Bauer, 2007; Hayne, 2004; Howe & Courage, 1993; Rose, Feldman
& Janowski, 2004). For example, there are well documented developmental changes in the
amount and how long children remember (see Bauer, 2007; in press; for reviews). However,
the memory processes that contribute to these patterns of remembering and forgetting are
less well explicated, especially in infancy. The mnemonic processes themselves are known:
encoding, consolidation, and retrieval. Less well understood are the absolute and relative
contributions that each of these processes make to the robustness of a memory
representation over a delay. The objective of the present investigation was to examine the
variance in long-term recall in the second year of life explained by measures of the encoding
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and post-encoding status of memory traces with the goal of informing the determinants of
remembering and forgetting in infancy.

For a memory to be available for retrieval, it first must be encoded (initial registration of
information) and then consolidated (stabilized and integrated into long-term stores).
Substantial research has made clear that there are age-related and individual differences in
encoding. For example, in infant preferential looking paradigms, the number of seconds of
familiarization required for a stimulus to be encoded (as evidenced by a novelty response)
changes with age, with younger infants requiring more encoding time to produce a novelty
response, relative to older infants (Rose, Gottfried, Melloy-Carminar, & Bridger, 1982). In
addition, younger infants require more trials to learn multi-step event sequences to a
criterion (learning to a criterion indicates that the material was fully encoded) compared to
older infants (Howe & Courage, 1997). Indeed, across development, older children show
evidence of more rapid encoding relative to younger children (Howe & Brainerd, 1989).

The second phase in the life of a memory, consolidation, has been relatively neglected in the
infant memory literature. Originally hypothesized by Müller and Pilzecker (1900),
consolidation is a post-encoding process by which initially labile memory traces are
stabilized and integrated into long-term storage (see McGaugh, 2000; and Wixted, 2004; for
reviews). It is thought to be subserved by medial-temporal structures (the hippocampus) in
concert with cortex (e.g., Zola & Squire, 2000). Experimental evidence that memory traces
undergo changes post encoding come from studies with animal models in which
consolidation processes have been deliberately disrupted (e.g., see Eichenbaum & Cohen,
2001; Squire & Alvarez, 1995; for reviews). For example, animals are trained to encode a
new association such as between a tone and an electrical shock, after which they experience
a lesion of the hippocampus. When animals are lesioned shortly after learning (e.g., 7 days),
their memory for the association is severely impaired, suggesting that the recently-formed
memory trace was still undergoing hippocampally-dependent post-encoding processing. In
contrast, when animals are lesioned after longer intervals post encoding (e.g., 28 days),
memory is unimpaired, suggesting that post-encoding processes were complete (e.g., Kim &
Fanselow, 1992; Takehara, Kawahara, & Kirino, 2003). These and other similar
observations imply that for new memories to be effectively stored, they must undergo
additional processing after encoding.

Though there is strong evidence that memory traces undergo additional processing post
encoding, there are few studies in which the implications of the processing for long-term
recall have been investigated in humans (see Wixted, 2004, for a review). In a study with
adults, Bosshardt and colleagues (2005) measured retrieval-related brain activity (with
BOLD fMRI) 10 minutes and 24 hours after encoding of word pairs. They found differences
in hippocampal activity 24 hours relative to 10 minutes post encoding. As noted by the
authors, the finding is consistent with animal models which suggest changes in hippocampal
synaptic connections within 24 hours after encoding (e.g, Dudai & Morris, 2000). Moreover,
the change in memory trace status had implications for recall, as indicated by correlations
between hippocampal activation and retrieval success: the correlation was stronger after 24
hours than after 10 minutes. Bosshardt et al. (2005) thus provides evidence of post-encoding
changes in memory that have implications for long-term recall. It also suggests a potentially
productive means of examining the contributions of post-encoding processing to long-term
recall in infants, namely, probing the status of the memory trace at different points in time
post encoding and determining the variance in long-term recall explained by each test.

In the infant literature there are relatively few studies that allow examination of post-
encoding processes as a potential source of age-related or individual variability in long-term
recall. A test of the question requires a measure of the newly encoded trace and a measure of
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the strength of the memory trace thereafter, during the period in which consolidation
processes are thought to occur. Many studies of infant memory lack both of these features
(e.g., Barr, Dowden, & Hayne, 1996). The few studies in the infant literature that permit a
test of the variance in long-term recall explained by post-encoding processing indicate that it
is an important source of variance. The evidence comes from studies using elicited imitation.
In elicited imitation, props are used to produce an action or a sequence of action that the
infant then is invited to imitate. As reviewed in detail elsewhere (e.g., Bauer, 2004, 2006, in
press), there is substantial evidence that this type of imitation-based paradigm serves as a
non-verbal analogue to verbal report, including evidence that it is supported by medial-
temporal lobe structures (Adlam, Vargha-Khadem, Mishkin, & de Haan, 2005; McDonough,
Mandler, McKee, & Squire, 1995). Using an imitation-based paradigm, Bauer, Wiebe,
Carver, Waters, and Nelson (2003) exposed 9-month-old infants to event sequences and then
tested for immediate and 1-week delayed recognition of the props used to produce the
sequences. The immediate recognition test served as the measure of encoding trace status;
the 1-week delayed recognition test served as the assessment of the status of the memory
trace post encoding. One month later, the infants were tested for recall of the sequences. The
variance in long-term recall associated with immediate recognition was nonsignificant,
whereas the 1-week delayed recognition test explained 28% of the variance in long-term
recall.

A similar pattern was obtained with infants in the second year of life. Bauer, Cheatham,
Cary, and Van Abbema (2002, Experiment 4), assessed 20-month-olds’ recall of multi-step
event sequences immediately after seeing the sequences modeled (assessment of encoding
trace status), again after 48 hours (assessment of memory trace status post encoding), and 1
month (measure of long-term recall). The measure of encoding trace status explained a
nonsignificant amount of variance in long-term recall. In contrast, the measure of the status
of the memory trace after 48 hours explained 25% of the variance in recall after 1 month.
Other studies in the infancy literature also implicate post-encoding processes in the
explanation for patterns of long-term recall: In the face of equal encoding, over a delay,
infants evidence differences in memory as a function of different stimulus types (Bauer,
Güler, Starr, & Pathman, 2011), and age (Bauer, 2005; Howe & Courage, 1997), that are not
explained by differences in retrieval processes. In summary, the few studies that allow test
of the implications of post-encoding processes suggest that they occur and are a significant
source of variance in long-term recall.

The present research is a complement to and extension of the small literature that considers
the role of post-encoding processes in explaining long-term recall in infancy. In two
experiments, we tested the unique and combined variance in 1-month delayed recall
explained by measures of the success of encoding and of post-encoding processes. In both
experiments, participants were infants 16, 20, and 24 months of age. We focused on 16- to
24-month-old infants for two primary reasons. First, within the 16- to 24-month age range
there is substantial age-related variability in memory behavior to be explained. In this brief
period there is rapid developmental change in the amount of information infants remember
(e.g., Burch, Schwade, & Bauer, 2010) and the length of time over which memory is
apparent (e.g., Bauer, Wenner, Dropik, & Wewerka, 2000). Second, there is reason to expect
that post-encoding changes in memory traces may play an important role in explaining the
observed age-related variability. We make this conjecture in recognition of evidence that in
this age range, the neural structures implicated in long-term recall are substantially immature
(see Bauer, 2004, 2007, 2009, for discussions). That is, both the medial-temporal lobes and
the association cortices involved in consolidation undergo post-natal developmental change
throughout infancy and well beyond (e.g., Bauer, 2006, in press; Nelson, de Haan, &
Thomas, 2006). It is logical to expect that as a result of the relative immaturity of the neural
structures and network on which they depend, the processes of stabilization and integration
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of memory traces will be relatively ineffective and thus a source of substantial variance. As
a result, post-encoding processes are an especially attractive potential determinant of long-
term recall in infancy (Bauer, 2006, 2007, 2008, 2009; Bauer et al., 2011); evidence
consistent with this suggestion was provided in Bauer et al. (2002). Thus the period of 16 to
24 months is well suited to investigation of the variance in long-term recall explained by
encoding and post-encoding processes.

In each of two experiments, we exposed 16- to 24-month-olds to multistep event sequences
and then probed their memory for the sequences immediately after modeling, as a measure
of encoding trace status. Also common to both experiments was a final test of long-term
recall after 1 month. We chose this time frame because research with animal models
suggests that by 28 days post encoding, memories are relatively stable (i.e., they are no
longer dependent on the hippocampus, suggesting that at least a functional level of systems-
level consolidation has occurred by that time: Kim & Fanselow, 1992; Takehara et al.,
2003). As well, 1-month delays have been used in prior related studies (Bauer et al., 2002,
2003), thereby ensuring a direct point of comparison.

In between the measures of encoding and 1-month delayed recall were one (Experiment 1)
and three (Experiment 2) measures of the status of memory traces in the post-encoding
consolidation period. In Experiment 1, we probed memory trace status 1 week after
encoding. To assess the absolute amount of variance in long-term recall explained by the 1-
week measure of post-encoding trace status, for half of the event sequences, we brought the
infants to a criterion level of learning, thus effectively eliminating variability in encoding as
a source of variance in long-term recall. For the other half of the sequences, learning levels
were free to vary. This manipulation permitted evaluation of the individual and combined
contributions to long-term recall explained by the measure of the encoded trace and the
measure of the status of the trace post encoding. In Experiment 2, we extended the approach
by measuring the status of the memory trace at multiple times post encoding. Specifically, in
addition to the immediate test of the encoded trace, we tested memory 15 minutes, 48 hours,
and 2 weeks post encoding. Each test provided an independent assessment of the status of
the memory trace at a point during the period of consolidation, thereby informing the course
of functionally relevant post-encoding changes in trace status. The memory tests all were
timed to occur during the period of active hippocampally-dependent post-encoding
processing, as indicated by research with animal models (Kim & Fanselow, 1992; Takehara
et al., 2003), which is virtually the only source of relevant data.

In summary, in the present research we examined 16-, 20-, and 24-month-old infants’ recall
of multi-step event sequences immediately after seeing them modeled, as a measure of what
was encoded; at various times after encoding, as an assessment of post-encoding memory
trace status; and 1 month later, as an assessment of long-term recall. The experiments
provide strong tests of the absolute and relative contributions of measures of encoding and
post-encoding processes for long-term recall in infants, and contribute to the relatively
limited literature on the sources of variability in long-term recall in infancy.

Experiment 1
Method

Participants—Fifty-one infants participated: 17 16-month-olds (8 girls; mean age: 16.2
months; range: 15.6–16.5 months), 17 20-month-olds (8 girls; mean age: 20.0 months;
range: 19.3–20.5 months), and 17 24-month-olds (9 girls; mean age: 24.1 months; range:
23.6–24.5 months). Infants were recruited from a departmental subject pool, comprised of
names of parents whose infants were born in local hospitals and volunteered to participate in
research. Three participants were African American and the remaining participants were
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Caucasian. Infants received a small toy after each session, and parents received a $10 gift
certificate to a local merchant after the last session. A university Institutional Review Board
approved the protocol and procedures. All parents gave written informed consent for their
infants’ participation. An additional 6 infants participated but were excluded because they
(a) did not return for their last visit (n=4), (b) did not return for their last visit within the
specified delay (n=1), or (c) were born prior to 38 weeks gestation (n=1).

Materials—Stimuli were six multi-step sequences the orders of which were constrained by
enabling relations. Enabling relations are said to exist when one step in a sequence is both
temporally prior to and necessary for successful completion of the following step; enabling
relations facilitate recall (e.g., Bauer, 1992; Bauer, et al., 2000). Infants were tested with
different sequence lengths, determined appropriate for each age group based on prior
research (Bauer & Dow, 1994; Bauer & Hertsgaard, 1993; Bauer & Travis, 1993; Burch et
al., 2010). Two-step, three-step and four-step versions of sequences were used for 16-, 20-
and 24-month-olds, respectively. The difference between the versions of the sequences was
the number of steps necessary to reach the end-state or goal of the sequence (which was the
same across step lengths). For example, the final step of each version of the sequence “make
a gong” was to ring a metal plate with a mallet. The 4-step version of “make a gong”
consisted of a base, a bar standing vertically in a cylinder attached to the base, a metal plate
with a curved lip, and a wooden mallet. The steps of the sequence were lifting the vertical
bar out of the cylinder (Step 1), placing the bar horizontally onto the two arms of the base
(Step 2), hanging the plate on the bar (Step 3), and ringing the plate with a mallet (Step 4).
For the 3-step version of this sequence, the first step from the 4-step version was not
necessary, because the bar was hinged to one arm of the base, and thus the sequence
required only folding the hinged bar to create the horizontal support (Step 1), hanging the
plate on the bar (Step 2), and ringing the plate with a mallet (Step 3). In the 2-step version,
the horizontal bar was attached to the base, and thus the only steps were hanging the plate on
the bar (Step 1), and ringing the plate with a mallet (Step 2). All sequences were novel
according to parent report, and had been used in previously published studies (e.g., Bauer et
al., 2000, 2011). A list and description of the sequences is available from the authors.

Procedure—Participants took part in three sessions. Sessions 1 and 2 were separated by 1
week (M = 7.1 days; range 5–10 days); Sessions 2 and 3 were separated by 1 month (M =
28.2 days; range 25–35 days). The sessions took place in a laboratory testing room and were
recorded on DVD. Each infant was tested by one of two experimenters; the experimenters
tested an approximately equal number of infants at each age and gender. Infants were tested
by the same experimenter at all sessions. Experimenters followed a detailed written
protocol. Fidelity to the protocol was ensured by regular reviews of the DVDs of the
sessions by the experimenters. For all sessions, the infant and the experimenter sat at a table
across from each other (the infant sat in a booster seat), and the infant’s parent sat beside the
infant. Each session began with a 2–4 minute warm-up period during which the infant and
experimenter played with commercially available toy beads. This warm-up period helped
infants become comfortable with the experimenter and testing environment, and also helped
infants understand the turn-taking nature of the elicited imitation paradigm.

Encoding session: After the warm-up period, infants were introduced to six sequences in
turn. Half of the sequences were presented in a standard and half in a criterion encoding
condition. In the standard encoding condition (three sequences), as in prior research using
this paradigm (e.g., Bauer, 1992; Bauer et al., 2000), the experimenter provided the props
for each sequence in turn and allowed the infant to interact with them for a baseline period.
Baseline was “infant controlled” and ended when infants pushed away the stimuli, or
engaged in repetitive exploratory behavior. After the baseline period, the experimenter used
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the stimuli to model the actions of the sequence twice in succession. The experimenter
labeled the steps in the sequence as she performed them. For example, for the 3-step “make
a gong” sequence, the experimenter said: “This is how I make a gong. Put on the bar
(putting the bar on the arms of the base). Hang up the bell (hanging the metal plate on the
bar). Ring it (ringing the metal plate with the mallet). This is how I make a gong.” After the
second modeling, infants were given the opportunity to imitate. The experimenter placed the
stimuli in front of the infant and said, “Now it is your turn! Show me how to [name of
sequence], just like I did.”

In the criterion encoding condition (three sequences), infants were given multiple
opportunities to imitate until they showed evidence of maximum learning (i.e., complete
encoding). After the first imitation period, the experimenter modeled the sequence again one
time. The experimenter then returned the stimuli to the infant and encouraged imitation. This
continued until the infant imitated the actions in target temporal order two times in a row (as
in Bauer et al, 2011, and Howe & Courage, 1997), or until the infant was given a total of
four imitation periods, whichever came first. A maximum of four imitation periods was
imposed to avoid taxing or frustrating the infants. Across infants, sequences were used in the
standard and criterion encoding conditions equally often. Within participants, the order of
presentation of sequences alternated between standard and criterion. For half of the infants,
the first sequence was in the standard condition and for half the infants, the first sequence
was in the criterion condition.

Test of post-encoding trace status: One week later, infants returned for their second
session in which they were tested on each of the six sequences in turn. For each sequence,
the experimenter placed the props in front of the infant and said, “Show me what you can do
with this stuff.” The experimenter provided general encouragement (e.g., “Good job!”) but
no verbal labels or reminders of actions to be performed were given. At no point did the
experimenter remodel the sequences. The order of presentation of the sequences was
counterbalanced across infants and was different than at Session 1.

Long-term memory retrieval session: One month later, infants returned to the laboratory
and were tested on all the event sequences. For each sequence in turn, the experimenter
placed the props in front of the infant and said, “Show me what you can do with all this
stuff.” Again, the order of presentation of the sequences was counterbalanced across infants
and was different than at Sessions 1 and 2.

Scoring: Each sequence was scored for the number of individual target actions produced
(max = 2, 3, or 4, for 2-, 3-, and 4-step sequences, respectively), as a measure of item
memory, and the number of pairs of actions produced in the target temporal order (max = 1,
2, or 3, for 2-, 3-, and 4-step sequences, respectively), as a measure of memory organization.
In calculating the number of pairs of actions produced, only the first occurrence of each
target action was considered. For example, in “make a gong,” if an infant produced the
actions 1-2-3, s/he received a score of 3 individual actions and 2 pairs of actions in target
order (Step 1-Step 2, and Step 2-Step 3). However, if the infant produced actions 1, 3, 2, s/
he received credit for 3 individual target actions and 1 pair of actions (Step 1-Step 3). If the
infant produced steps 3, 1, 3, s/he received credit for 2 individual target actions and 0 pairs
of actions (the second occurrence of action 3 was not considered). This scoring procedure
reduces the likelihood of an infant receiving credit for the production of an ordered pair of
actions by chance or trial and error. In addition, infants were given credit for individual
target actions regardless of the order in which they produced them. For example, in “make a
gong,” credit was given for “ring it” regardless of whether the metal plate was hanging on
the bar. Thus ordered production of actions was not dependent on the physical constraints
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imposed by the stimuli. These scoring procedures have been used in several previous studies
(see Bauer et al., 2000, 2011; Burch et al., 2010, for examples).

Prior to beginning testing, the experimenters trained together on an existing corpus of
elicited-imitation data and established reliability at 90% or above on three successive
participants. The experimenters then coded the behavioral performance of the infants online
(i.e., during the session). For purposes of reliability, a third rater independently re-coded
25% of the participants (offline, from DVD). Overall agreement between the rater and
experimenters (i.e., the number of agreed upon target behaviors divided by the total number
of target behaviors recorded) on both occurrence and order of target behaviors was 92.3%
(range = 88–96%).

Results
Though the same stimuli were used in the standard and criterion encoding conditions, the
procedures were substantially different. For this reason, and because direct comparison of
levels of performance under the different encoding conditions was not the purpose of the
research, we do not report statistical comparisons between conditions. Rather, for the
criterion and standard conditions in turn, we first present results of analyses to determine
whether the infants learned the event sequences as a result of exposure to the model and
remembered them over the delays. Because the infants in the different age groups were
tested on sequences of different lengths, we conducted the analyses for each age group
separately. We next report results of tests of the amount of variance in long-term recall
explained by measures of post-encoding trace status alone (criterion encoding condition) and
in combination with measures of the success of encoding (standard encoding condition). The
analyses were conducted across age groups, to permit sufficient power. Dependent measures
were rendered comparable by using proportion—rather than raw—scores.

Criterion Encoding Condition—FollowingBauer et al. (2011) and Howe and Courage
(1997), the criterion for complete encoding was two successive accurate reproductions of the
event sequences. Only data from participants who reached criterion on at least one sequence
(of three) were included in analyses. Table 1 shows the number of participants in each age
group who reached criterion on zero, one, two, or all three sequences. Across age groups, 11
participants were excluded from the analyses because they did not reach criterion on any of
the sequences. For infants who reached criterion on only one sequence, scores were based
on that event. For infants who reached criterion on two or all three sequences, scores were
the average across the sequences on which the infants reached criterion.

Assessments of retention over 1 week and 1 month: Descriptive statistics for performance
in the baseline phase, and on the 1-week and 1-month delayed recall tests are provided in
Table 2, Panel a. Because, by definition, infants’ performance at immediate imitation was
perfect, scores for the immediate recall phase are not represented in the table. To determine
whether the infants retained memories of the event sequences over 1 week and 1 month, we
conducted repeated measures analyses of variance (ANOVAs) with three levels of test
(baseline, 1-week, 1-month), for each age group and dependent variable separately. For all
three age groups, there were main effects of test, for individual target actions produced (16-
month-olds, F(2,10)=24.7, p<.0001, ηp

2 = .71; 20-month-olds, F(2,14)=59.3, p<.0001, ηp
2

= .81; 24-month-olds, F(2,13)=120.1, p<.0001, ηp
2 = .90) and for pairs of actions produced

in target temporal order (16-month-olds, F(2,10)=8.6, p<.005, ηp
2 = .46; 20-month-olds,

F(2,14)=51.9, p<.0001, ηp
2 = .79; 24-month-olds, F(2,13)=93.5, p<.0001, ηp

2 = .88). For
each age group, pairwise comparisons (Bonferroni corrected, p<.05) revealed that for both
individual target actions and pairs of actions in target order, baseline performance was lower
than both 1-week and 1-month recall; 1-week and 1-month recall did not differ. Thus all

Pathman and Bauer Page 7

J Exp Child Psychol. Author manuscript; available in PMC 2014 February 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



three age groups of infants showed evidence of memory for the sequences in the criterion
encoding condition, and there was no evidence of forgetting between the 1-week and 1-
month recall tests.

Explanation of variance in long-term recall: To determine whether the post-encoding
measure of the status of the memory trace explained variance in long-term recall, we
regressed 1-month recall on performance at 1-week recall. As shown in Table 3, Panel a,
across ages (N=40), separate multiple linear regressions revealed that for the number of
individual target actions produced and the number of pairs of actions produced in target
order, 1-week recall predicted 76% and 61% of the variance in recall after 1-month
(respectively). Thus with the variability associated with encoding experimentally removed,
the post-encoding measure of memory trace strength was a strong predictor of long-term
recall.

Standard Encoding Condition
Assessments of encoding and retention over 1 week and 1 month: Descriptive statistics
for performance in the baseline phase and on the immediate, 1-week, and 1-month delayed
recall tests are provided in Table 2, Panel b. To determine if there was learning and retention
over 1 week and 1 month, we conducted repeated measures ANOVAs with four levels of
test, for each age group and each dependent variable separately. For all three age groups,
there was evidence of learning and retention over both delays, as evidenced by main effects
of test and pairwise comparisons (Bonferroni corrected p<.05).

For 16-month-olds, there were main effects of test, for individual target actions,
F(3,16)=7.6, p<.0001, ηp

2 = .32, and pairs of actions in target order, F(3,16)=8.0, p<.0002,
ηp

2 = .33. Pairwise comparisons revealed that for both dependent variables, baseline
performance was lower than immediate, 1-week, and 1-month recall. The measures of
immediate, 1-week, and 1-month recall did not differ from one another. Thus 16-month-olds
learned the sequences, and they showed no evidence of forgetting even after 1 month. For
20-month-olds, main effects of test were found for individual target actions, F(3,16)=41.8,
p<.0001, ηp

2 = .72, and pairs of actions in target order, F(3,16)=25.9, p<.0001, ηp
2 = .62.

Pairwise comparisons revealed that for both dependent variables, baseline performance was
lower than immediate, 1-week, and 1-month recall. For both dependent variables, immediate
performance was higher than 1-week and 1-month recall which did not differ from one
another. Thus 20-month-olds learned the sequences and they remembered them over the
delays; they experienced some forgetting by 1-week and no additional forgetting over 1
month. For 24-month-olds, main effects of test were found, for individual target actions,
F(3,16)=36.8, p<.0001, ηp

2 = .70, and pairs of actions in target order, F(3,16)=54.2, p<.
0001, ηp

2 = .77. Pairwise comparisons revealed that for both dependent variables, baseline
performance was lower than immediate, 1-week, and 1-month recall. For individual actions,
the immediate, 1-week, and 1-month recall tests did not differ. For pairs of actions in target
order, immediate performance was higher than 1-month recall; 1-week performance did not
differ from either immediate performance or 1-month recall. Thus 24-month-olds learned
the sequences and they showed no evidence of forgetting of the individual actions of the
sequences. Though there was no evidence of forgetting of the temporal order of the
sequences over 1 week, 1-month delayed recall was lower than immediate recall.

Explanation of variance in long-term recall: To determine whether measures of encoding
and post-encoding trace status were predictive of recall after 1 month, we regressed 1-month
recall performance on the linear combination of performance at immediate recall and 1-
week recall (Table 3, Panel b). Specifically, we entered the measure of encoding (immediate
recall) into the model first (Step 1), and then we entered the measure of post-encoding trace
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status (1-week recall) in the model (Step 2) to determine whether the measure of post-
encoding trace status accounted for unique variance in long-term recall, over and above that
explained by the measure of encoding. Within the model, beta weights were evaluated to
determine whether immediate and/or 1-week recall were significant predictors of
performance at 1-month.

Across ages (N=51), when it was the sole predictor in the model (Step 1), immediate recall
was a significant predictor of performance after 1 month, explaining 52% and 53% of the
variance in long-term recall of the individual actions and pairs of actions in target order,
respectively. However when measures of both immediate recall and performance after 1
week were entered into the models (Step 2), whereas the models were significant, only the
beta weights for 1-week performance were significant. The addition of 1-week performance
into the models explained an additional 16% and 11% of the variance for individual target
actions and pairs of actions in target order, respectively, bringing the total variance
accounted for to 68% and 63%, respectively.

Discussion
The purpose of Experiment 1 was to examine the contributions of encoding and post-
encoding processes to long-term recall of event sequences by infants 16 to 24 months old.
We examined the question under conditions of complete encoding, ensured by requiring
learning to criterion, and when the success of encoding was free to vary. When encoding
was controlled, and thus the only predictor in the model, the measure of the strength of the
memory trace 1 week post encoding predicted significant variance in recall after 1 month.
This aspect of the experiment provided evidence that in the 16 to 24 month age range, post-
encoding changes in the memory trace are a significant source of variance in long-term
recall.

The pattern of findings in the standard encoding condition provided evidence that post-
encoding changes in the memory trace are not only a source of variance in long-term recall,
but that they explain more variance than measures of encoding. That is, when encoding was
the only variable in the model, it predicted significant variance in long-term recall.
However, when the measure of trace status after 1 week was entered into the model, it
explained significant variance above and beyond that explained by the measure of encoding.
Moreover, with the addition of 1-week recall into the model, encoding-related variance no
longer was significant. The findings are consistent with other infant studies (e.g., Bauer et
al., 2002, 2003) in which assessments during the period of consolidation of a memory trace
have proven to be better predictors of long-term recall relative to tests of encoding trace
status. Together, these studies imply that the success of post-encoding processes accounts
for variance in long-term recall in infancy.

Experiment 1 is an important addition to the literature on the determinants of remembering
and forgetting in infancy. Yet it is limited in the information that it can provide about the
course of functionally relevant post-encoding changes in memory traces, because only one
test was included between encoding and long-term retrieval. To more precisely determine
the relevant parameters, in Experiment 2, in addition to the immediate test of the encoded
trace and the 1-month delayed recall test, we tested memory 15 minutes, 48 hours, and 2
weeks post encoding. Each test was conducted on different event sequences, thereby
permitting independent assessments of the memory traces at points during the period in
which consolidation processes are presumed to occur. The 15-minute and 48-hour tests were
included to allow assessments of the status of memory representations during the initial
period of consolidation that is associated with changes in synaptic strength (e.g., Bosshardt
et al., 2005). The 2-week test was included to provide assessment of the functional
significance of later-stage changes in trace status that may be associated with changes in the
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role of the hippocampus in maintaining the memory representation (e.g., Takehara et al.,
2003).

The addition of a 2-week test in Experiment 2 also allowed us to evaluate an alternate
explanation for the results of Experiment 1. Specifically, we suggest that the 1-week test
was a strong predictor of long-term recall because it was sensitive to changes in the memory
representation that take place shortly after encoding. An alternate explanation is that the 1-
week test was simply closer to the 1-month test, relative to the measure of encoding, thereby
rendering it a better approximation of the later memory representation. By this reasoning,
the 2-week test should account for more variance in long-term recall, relative to measures
obtained closer to the time of encoding. By including three post-encoding tests—two early
in the period during which consolidation is thought to occur and one later in the period—we
were able to evaluate these competing explanations for the pattern of findings.

Experiment 2
Method

Participants—Fifty-five infants participated. There were 18 16-month-olds (9 girls; mean
age: 16.1 months; range: 15.6–16.4 months), 18 20-month-olds (9 girls; mean age: 20.1
months; range: 19.7–20.5 months), and 19 24-month-olds (11 girls; mean age: 24.1 months;
range: 23.5–24.5 months). Participants were recruited from a similar population as in
Experiment 1. Six of the infants were African American and the rest were Caucasian. Each
infant received a small toy at the end of each session, and parents received a $10 gift
certificate to a local merchant after the last session. University Institutional Review Boards
approved the protocol and procedures, and all parents gave written informed consent for
their infants’ participation. An additional 7 infants were tested but not included in data
analysis because they did not return for a session (n=6) or audio-visual recording error
(n=1).

Materials—Stimuli were twelve 3-step event sequences, all constrained by enabling
relations. Six sequences had been used in Experiment 1 and the others were drawn from
previously published studies (e.g., Bauer et al., 2000; Wiebe & Bauer, 2005). All infants
were tested with sequences of the same step-length for two reasons. First, it allowed all
infants to be included in the same ANOVAs, and regression analyses could be conducted
without conversion of scores to proportions. Second, we expected use of 3-step sequences to
exploit individual variability within the group, while avoiding both floor and ceiling effects.
Three-step sequences have been used without floor effects with infants 16 months of age
(e.g., Bauer & Dow, 1994), and are sensitive to variation among infants as old as 24 months
(Burch et al., 2010). All sequences were novel, according to parent report. Each infant was
tested on eight of the 12 sequences. The event sequences were counterbalanced such that
across infants, each sequence was used equally often and also was tested equally often in the
different delay conditions.

Procedure—Participants took part in four sessions. Sessions 1 and 2 were separated by 2
days (M=2.0 days); Sessions 2 and 3 were separated by 2 weeks (M=12.8 days; range 10–17
days); Sessions 3 and 4 were separated by 1 month (M=28.7 days; range 24–36 days).
Sessions took place in a laboratory testing room and were recorded on DVD. Each infant
was tested by one of three experimenters. Infants were tested by the same experimenter at all
sessions. As in Experiment 1, fidelity to the protocol was ensured by regular reviews of the
session DVDs among the experimenters. Seating of infants, experimenters and parents, and
procedure during the warm-up periods were similar to those described in Experiment 1.
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Encoding session: After the warm-up, infants were introduced to event sequences. All
sequences were presented in the standard encoding condition described in Experiment 1. As
in Experiment 1, the experimenter modeled each sequence while labeling the event and
narrating the steps involved, twice in succession. Infants then were given an opportunity to
imitate. To minimize participant burden, we introduced two deviations from the procedure
used in the standard encoding condition of Experiment 1. First, we did not include a baseline
phase. Comparisons of baseline levels of performance with performance after modeling
have been featured in numerous studies with infants in the 16 - to 24-month age range and in
every case, performance after exposure to the modeled sequences has been significantly
higher than performance in the baseline phase, indicating successful learning of the event
sequences (e.g., Bauer & Dow, 1994; Bauer & Hertsgaaard, 1993; Bauer & Mandler, 1989;
Bauer et al., 2000). Thus we are confident that infants’ post-modeling performance can be
attributed to their memory for the modeled sequences. Second, introduction of the event
sequences (i.e., modeling and the immediate imitation test) was distributed across Session 1
and 2. As reflected in Table 4, Events A, C, D, E and G were introduced at Session 1, and
events B, F, and H were introduced at Session 2. Although this feature of the design meant
that the delay for the two events in the 2-week test condition differed by 48 hours (i.e., the
delay for event F was 48 hours shorter than the delay for Event E), preliminary analyses (see
below) revealed no difference between performance on the two sequences in this condition.

Tests of post-encoding trace status: Events A and B were tested 15 minutes after modeling
(i.e., in the same session that they were modeled by the experimenter). Events C and D were
tested 48 hours after modeling (at Session 2). Events E and F were tested 2 weeks after
modeling (Session 3). The procedure was the same as followed in Experiment 1. That is, for
each sequence in turn, the experimenter placed the props in front of the infant and said,
“Show me what you can do with this stuff.” The experimenter provided general
encouragement but no verbal labels or reminders of actions to be performed were given. At
no point were the sequences remodeled.

Long-term memory retrieval session: Events A, C, E, and G were tested at Session 4, 1
month after Session 3 (approximately 6 weeks after initial encoding). For each sequence, in
turn, the experimenter placed the sequence props in front of the infant and said, “Show me
what you can do with all this stuff.”

Scoring: Each event sequence was scored for the number of individual target actions
produced (max = 3) and the number of pairs of actions produced in the target temporal order
(max = 2). The scoring procedure was the same as that used in Experiment 1. As in
Experiment 1, experimenters coded the behavioral performance of the infants online. Prior
to testing, experimenters were trained on scoring procedures using an existing corpus of data
and established reliability at 90% or above on three successive participants. For purposes of
reliability, two of the experimenters independently re-coded 25% of the third experimenter’s
participants (offline, from DVD). Overall agreement between the raters on both occurrence
and order of target behaviors was 92.7% (range=85–97%). The third experimenter in
Experiment 2 had served as the reliability coder for Experiment 1.

Results
Preliminary Analyses—We performed three sets of preliminary analyses to ensure the
validity of the main analyses. First, we used individual t-tests to compare performance on
the two events used in each test phase. Specifically, we tested for possible differences
between events (a) G and H immediately after encoding, (b) A and B at the 15-minute delay,
(c) C and D at the 48-hour delay, and (d) E and F at the 2-week delay. There were no
statistically significant differences, for either dependent variable: all ts<.45, ps>.50. For the
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main analyses, we used the means of performance on the two event sequences in each test
phase.

Second, we tested for differences in encoding of the sequences that would be tested in the
different phases. That is, we used ANOVAs to compare immediate recall performance on
the means of event sequences AB, CD, EF, and GH. The analyses revealed no difference in
immediate recall performance, either in terms of the number of individual target actions
produced, F(3,150)=2.0, p=.12, ηp

2 = .04, or in terms of the number of pairs of actions
produced in target order, F(3,150)=1.3, p=.29, ηp

2 = .02. We also compared immediate
recall performance on the specific sequences that would be tested after 1 month (i.e., event
sequences A, C, E and G). No significant differences emerged, for either the number of
individual target actions produced, F(3,153)=1.4, p=.24, ηp

2 = .03, or the number of pairs of
actions produced in target order, F(3,153)=1.5, p=.23, ηp

2 = .03. These analyses confirm
that, as expected, there were no differences across sequences at immediate recall.

Third, we tested for differences among events A, C, E, and G at long-term recall, to
determine whether the tests administered at 15 minutes, 48 hours, and 2 weeks (events A, C,
E, respectively) systematically affected retrieval after the 1-month delay. The analyses
revealed no difference in long-term recall, either for the number of individual target actions
produced, F(3,159)=1.5, p=.23, ηp

2 = .03, or for the number of pairs of actions produced in
target order, Fs(3,159)=1.6, p=.19, ηp

2 = .03. Thus the intervening tests for post-encoding
memory trace status did not systematically affect retrieval performance at long-term recall.

Assessments of Encoding and Retention—Descriptive statistics for infants’
performance at immediate recall (encoding), at each of the post-encoding tests (15 minutes,
48 hours, 2 weeks), and at long-term recall are provided in Table 5 (Panel a shows scores
across age groups; Panel b shows scores for each age group separately). To determine
whether infants retained memories of the event sequences over the delays, we conducted
Test (encoding, 15 minutes, 48 hours, 2 weeks, 1 month) × Age (16-, 20-, 24-month-old)
mixed measures ANOVAs, with repeated measures on Test, for the number of individual
target actions and pairs of actions produced in target temporal order.

Across age groups there was no significant forgetting across delays. For the number of
individual target actions produced, F(4,192)=1.5, p=.20, ηp

2 = .03, the nonsignificant main
effect of Test indicated that performance did not differ reliably at encoding (events GH), 15-
minutes after encoding (events AB), 48 hours after encoding (events CD), 2 weeks after
encoding (events EF) and 6 weeks after encoding (events ACEG). For the number of pairs
of actions produced in target temporal order, the main effect of test approached significance,
F(4,192)=2.4, p=.054, ηp

2 = .05. As suggested by inspection of Table 5, Panel a, across age
groups, there was a gradually decreasing level of performance from encoding to the long-
term recall test. Main effects of Age indicated lower levels of performance for 16-month-
olds relative to 20- and 24-month-olds, which did not differ from one another, both in terms
of the number of individual target actions produced, F(2,48)=18.2, p<.001, and in terms of
production of ordered pairs of actions, F(2,48)=14.1 p<.001. Neither interaction of Test ×
Age was significant.

Explanation of Variance in Long-term Recall—To determine the variance in long-
term recall accounted for by encoding and by each post-encoding measure of the memory
trace, we conducted multiple regression analyses. As in Experiment 1, we entered the
measure of encoding trace status (immediate recall) into the model first (Step 1), and then
entered the subsequent tests in a step-wise fashion. Within each model, beta weights were
evaluated to determine which tests were significant predictors of performance at 1-month.
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As can be seen in Table 6, across ages (N=51), when it was the sole predictor in the model
(Step 1), the measure of encoding accounted for significant variance in both the number of
individual target actions and pairs of actions produced in target order. Entry of 15-minute
performance into the model as Step 2 increased the variance accounted for from 11% to 38%
for individual target actions, and from 11% to 22% for production of ordered pairs of
actions. The addition of the 15-minute test also rendered the measure of encoding
nonsignificant as a predictor (i.e., only the beta weights for 15-minute performance were
significant).

As the third step, we added the measure of performance 48 hours after encoding (Step 3 in
Table 6). With the addition, the measure of performance after 15 minutes remained a
significant predictor whereas the measure of encoding remained nonsignificant. The addition
of 48-hour test performance increased the proportion of variance accounted for from 38% to
55% for individual target actions, and from 22% to 42% for production of ordered pairs of
actions. In the final step, we included all four predictors in the models (Step 4). For the
number of individual target actions produced, neither immediate nor 2-week recall were
significant predictors of long-term recall. In contrast, the measures of memory trace status
after 15 minutes and 48 hours remained significant predictors; the total variance accounted
for was 56%. For the production of pairs of actions in target order, neither immediate nor 2-
week recall were significant predictors of long-term recall. In addition, the contribution of
15-minute recall fell below the level of statistical significance. The measure of memory
trace status after 48 hours remained a significant predictor; the total variance accounted for
was 43%.

Discussion
The purpose of Experiment 2 was to inform the course of functionally relevant post-
encoding changes in trace status. We included tests 15 minutes and 48 hours after encoding,
to allow assessment of the memory representation during the initial period of consolidation,
and tests 2 weeks after encoding, to provide assessment of the functional significance of the
later-stage status of the trace. The 2-week test also allowed us to evaluate an alternate
explanation for the results of Experiment 1, namely, that the measure of trace status obtained
1 week after encoding was a stronger predictor of long-term recall, relative to the measure of
encoding, because the observations were closer together in time.

Contrary to the alternative hypothesis, the 2-week assessment of trace status was not the
strongest predictor of long-term recall, even though it was closer in time to the final
assessment. Rather, measures of performance 15 minutes and 48 hours after encoding each
accounted for unique variance over and above the variance explained by encoding; the
addition of the 2-week assessment did not add significant additional explained variance. For
prediction of long-term recall of the individual target actions of the sequences, the 15-
minute assessment explained the greatest amount of variance, with additional contribution
by the 48-hour assessment. For prediction of long-term recall of the temporal order of the
sequences, the 48-hour assessment explained the greatest amount of variance, and in the full
model, was the only significant unique predictor. This pattern suggests that item memory
(i.e., information about the individual actions of sequences) may stabilize more quickly than
order memory (i.e., information about the temporal order of sequences). This suggestion is
speculative and requires additional test. At the same time, it is consistent with findings that
measures of memory for temporal order are more sensitive to developmental differences in
long-term recall, relative to measures of memory for the individual target actions of
sequences (e.g., Bauer et al., 2000). Memory for temporal order also is vulnerable to
hippocampal compromise (e.g., DeBoer, Wewerka, Bauer, Gerogieff & Nelson, 2005), and
is especially reliant on a region of the hippocampus that undergoes a protracted course of
development, namely, the dentate gyrus (e.g., Lisman, 1999).
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General Discussion
Since the dawn of the 20th century, it has been apparent that memory traces undergo
additional processing post encoding. Yet the possibility of post-encoding processes as a
source of variance in long-term recall in infancy is just beginning to be explored. The
processes have been relatively neglected in spite of evidence of immaturity of the neural
structures and network that support post-encoding processes, and thus the distinct possibility
that the processes may be a significant source of age-related variance in long-term recall.

The present research extended the small literature on the implications of post-encoding
memory processes for long-term recall in infants 16, 20, and 24 months of age. The results
of the investigation were clear. When measures of encoding trace status (as measured by
immediate recall) were the sole predictors of long-term recall, they explained significant
variance. Critically, once measures of post-encoding trace status were entered into the
regression models, measures of encoding trace status no longer explained significant
variance. Instead, measures of performance 15 minutes (Experiment 2), 48 hours
(Experiment 2), and 1 week (Experiment 1) post encoding explained variance in long-term
recall. In Experiment 1, total variance in long-term recall explained by trace status 1 week
post encoding was 68% and 63% for individual target actions and pairs of actions in
temporal order, respectively. In Experiment 2, total variance in long-term recall explained
by the combination of 15-minute and 48-hour post-encoding trace status was 56% and 43%
for actions and temporal order, respectively. Whether the differences in variance explained
in the two experiments are due to the number of predictors (one versus two in Experiments 1
and 2, respectively), to the timing of the post-encoding probes (1 week versus 15 minutes
and 48 hours in Experiments 1 and 2, respectively), or to differences in the degree of
independence of the observations (measures were wholly and partially dependent in
Experiments 1 and 2, respectively), cannot be determined by this research alone. What can
be determined is that measures of the status of memory traces minutes to days after encoding
predicted significant and unique variance in long-term recall among 16- to 24-month-olds.

One possible alternative explanation for the results of both prior research that has examined
post-encoding trace status as a predictor of long-term recall and Experiment 1 was that
relative to the measures of encoding trace status, the post-encoding measures were obtained
closer to the time of the long-term recall test. More proximate measures would be expected
to be better predictors. The results of analyses featuring test of 2-week post-encoding trace
status in Experiment 2 speak against this alternative interpretation. That is, though the
measure of 2-week post-encoding trace status was obtained closer to the measure of long-
term recall, relative to the measures of 15-minute and 48-hour post-encoding trace status, the
2-week delayed recall test was not a unique predictor of long-term recall, whereas the
measures obtained closer to the time of encoding predicted substantial variance. In
summary, for the tasks used in the present research, and for the age groups represented, tests
of memory representations hours to days after encoding were more diagnostic of memory
representations 1 month later, compared to test immediately after or weeks after encoding.

The results of the present investigation are consistent with the small body of literature that
emphasizes the importance of post-encoding processes for long-term recall in infancy. In
some cases, evidence of post-encoding changes in trace status comes in the form of findings
of age-related differences in long-term recall in spite of age invariance in encoding (e.g.,
Bauer, 2005; Howe & Courage, 1997). In other cases, evidence comes in the form of
differential changes in memory trace strength over days and weeks as a function of stimulus
type, in spite of comparable levels of original encoding (Bauer et al., 2011). Yet other
evidence comes from studies such as the present research, in which the absolute and relative
contributions of memory trace status at different points in the life of a memory are
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differentially predictive of long-term recall (Bauer et al., 2002, 2003). Together, the studies
indicate that post-encoding processes play a prominent role in explanation of patterns of
remembering and forgetting in infancy.

The present research complements and extends the existing literature that features post-
encoding processes as an element in the explanation of variance in long-term recall in
infancy. Most importantly in this regard is the information gained regarding the course of
functionally relevant post-encoding changes in trace status. Because systematic
investigations of the time course of memory trace consolidation have been confined almost
exclusively to the animal literature (e.g., Kim & Fanselow, 1992; Takehara et al., 2003; see
Bosshardt et al., 2005, for an exception with adult humans), prior to the present research,
there was little information upon which to base predictions regarding the most important
times at which to interrogate memory traces for their value in predicting long-term recall
(see Meeter & Murre, 2004, for discussion of this and related points). The findings of the
present research imply that at least under the conditions tested, measurement sooner—rather
than later—after encoding, is most predictive. Moreover, there was suggestion in
Experiment 2 that item memory may stabilize more rapidly than order memory. What we
could not explore in the present research was the possibility of age-related differences in the
course of functionally relevant post-encoding changes in trace status. Though the
investigation involved three age groups of infants, we did not have sufficient power in the
design to examine the patterns of predictive relations separately for each group. Give that
the neural structures and network responsible for consolidation processes undergo a
protracted course of development (see Seress & Abraham, 2008; Bauer, 2007, 2009, for
discussion), it would not be surprising to find that the time course of functionally relevant
post-encoding changes in trace status differs across development (see Meeter & Murre,
2004, for similar arguments for differences in the time course of consolidation across
species).

We also may expect developmental changes in the amount of age-related variance in long-
term recall explained by post-encoding processes. As argued in Bauer (2006), early in
development, early-stage processes (encoding and consolidation) account for a large portion
of the variance in long-term recall. With development, we may see later-stage processes
(retrieval) emerge as the primary determinant of age-related differences in long-term recall.
This hypothesis rests on the assumption that with development of the neural substrate
implicated in early-stage processes, they will become less susceptible to failure. Though
aspects of the hippocampus mature by 6 months (Seress, 2001), the dentate gyrus, frontal
cortex, and temporal-cortical connections implicated in consolidation of memory traces
develop later. For example, in the dentate gyrus the rise to a maximum level of synapses
occurs between 8 and 20 months, and adult levels of synapses are reached at 4–5 years of
age (Seress, 2001). For the prefrontal cortex, adult levels of synapses occur in late
adolescence, or even early adulthood (Huttenlocher & Dabholkar, 1997). Changes in
myelination and in hippocampal and cortical volume also occur up to adolescence (e.g.,
Giedd et al., 1999; Pfluger et al., 1999). Given that structure and function are related, it is
reasonable to expect that as the neural structures that underlie the processes of memory
develop, the relative contributions of the processes also will change. Additional research on
both behavioral and brain development will be necessary to adequately test this hypothesis.

Though we invoke consolidation processes in the explanation of the patterns of findings in
the present research, we acknowledge that we did not measure these processes directly. In
healthy human infants, we cannot observe post-encoding processes “at work.” We did not
examine the synaptic changes implicated in cellular consolidation or the changes in
hippocampal dependence associated with systems consolidation. Further, we did not
examine the possibility of reconsolidation processes (i.e., processes by which long-term
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memories return to a state of lability as a result of reactivation: e.g., see McKenzie &
Eichenbaum, 2011; Bauer, 2009, for discussion). Instead, we used time to make assumptions
about the underlying processes. Although we cannot be sure exactly what processes were
involved, the results of the present research, coupled with previous studies using
neuroimaging (e.g., Bosshardt et al., 2005) and animal models (e.g., Takehara et al., 2003),
implicate consolidation processes.

In conclusion, in the present experiments we determined the absolute and relative
contributions of encoding and post-encoding processes to explanations of variability in long-
term recall in infants in the second year of life. Measures of encoding trace status and
measures of post-encoding trace status each contributed significant variance when
considered alone. Importantly, in combination, only measures of post-encoding trace status
predicted significant unique variance in long-term recall. The amount of variance explained
was maximized when assessments of trace status were 15 minutes to 1 week post encoding.
The findings have implications for explanations of the causes of age-related and individual
variability in long-term recall in infancy. They also compel future research involving
multiple age groups of infants and children, and finer grained assessments of the time course
of functionally relevant changes in post-encoding trace status. Such research will help to
further chart the development of memory, as well as further elaborate our explanations of it.
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Highlights

- We tested the contribution of encoding and post-encoding processes to recall
in infancy

- The status of 16–24-mo-olds’ memory representations were tested at several
time points

- Alone, measures of encoding and post-encoding trace status predicted long-
term recall

- In combination, only measures of post-encoding trace status predicted long-
term recall

- Implications for explanations of causes of variability in long-term recall
discussed
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Table 1

Experiment 1: The Number of Participants who Reached Criterion on 0, 1, 2, or All 3 Event Sequences in the
Criterion Encoding Condition

Number of Sequences on which Participant
Reached Criterion at Encoding

Age Group

16-month-olds 20-month-olds 24-month-olds

0 (infant excluded from analyses) 6 2 3

1 (1 sequence included in analyses) 6 3 10

2 (M of 2 sequences included in analyses) 4 10 2

3 (M of 3 sequences included in analyses) 1 2 2
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Table 2

Experiment 1: Mean Number (and Standard Deviation) of Actions and Pairs of Actions in Target Temporal
Order for Each Age Group and Test for the Criterion (Panel a) and Standard (Panel b) Encoding Conditions

Age/
Dependent
Measure

Test

Baseline Immediate 1 Week 1 Month

M (SD) M (SD) M (SD) M (SD)

Panel a: Criterion Encoding Condition

16-month-olds

Actions (max=2) .61 (.47) NA 1.70 (.51) 1.55 (.65)

Pairs (max=1) .03 (.10) NA .62 (.46) .55 (.47)

20-month-olds

Actions (max=3) .98 (.39) NA 2.70 (.47) 2.53 (.62)

Pairs (max=2) .11 (.21) NA 1.54 (.49) 1.32 (.66)

24-month-olds

Actions (max=4) 2.06 (.48) NA 3.80 (.37) 3.81 (.31)

Pairs (max=3) .55 (.41) NA 2.67 (.45) 2.49 (.67)

Panel b: Standard Encoding Condition

16-month-olds

Actions (max=2) .80 (.49) 1.37 (.48) 1.35 (.46) 1.37 (.42)

Pairs (max=1) .14 (.21) .53 (.31) .47 (.31) .45 (.31)

20-month-olds

Actions (max=3) 1.29 (.44) 2.55 (.41) 2.08 (.70) 1.92 (.69)

Pairs (max=2) .29 (.35) 1.41 (.36) .98 (.61) .90 (.62)

24-month-olds

Actions (max=4) 1.45 (.68) 3.39 (.54) 3.27 (.60) 2.96 (.90)

Pairs (max=3) .41 (.45) 2.20 (.46) 1.96 (.47) 1.65 (.70)
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