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Abstract

Over the first decade of life there are marked improvements in mnemonic abilities. An important
question from both a theoretical and applied perspective is the extent of continuity in the nature of
memory over this period. The present longitudinal investigation examined declarative memory
during the transition from toddlerhood to school-age using both experimental and standardized
assessments. Results indicate significant associations between immediate nonverbal recall at 20
months (measured by elicited imitation) and immediate verbal and nonverbal memory (measured
by standardized and laboratory-based tasks) at 6 years in typically developing children. Regression
models revealed this association was specific, as measures of language abilities and temperament
were not predictive of later memory performance. These findings suggest both continuity and
specificity within the declarative memory system over the first years of life. Theoretical and
applied implications of these findings are discussed.

Since the 1980s, researchers have utilized nonverbal imitation-based paradigms to
characterize the development of memory processes during infancy and toddlerhood. In these
paradigms, an adult researcher demonstrates a sequence of novel actions using props, and
the participant is invited to imitate the actions modeled by the researcher either immediately
(elicited imitation), after a prescribed delay (deferred imitation), or both. Successful
imitation is taken as behavioral evidence of memory for the action sequence. This technique
is generally accepted as a nonverbal analogue to declarative memory report (Bauer, 2006;
Bauer, DeBoer, & Lukowski, 2007; Carver & Bauer, 2001; McDonough, Mandler, McKee,
& Squire, 1995). However, to date, longitudinal relations between elicited imitation
performance and memory abilities at school age have not been documented. Thus, it remains
unknown whether performance on behavioral imitation tasks early in life is related to
memory abilities later in life. The present study was designed to address this question.

The relation between early and later memory performance is important for at least two
reasons. First, issues of continuity/discontinuity are core in developmental science. In the
domain of memory it has been suggested that because of phenomena such as infantile
amnesia (i.e., the lack of personally-relevant episodic memories from the first two years of
life), memory early in life is qualitatively different from memory later in life (e.g., K.
Nelson, 1992; Neisser, 1962; Pillemer, 1998; Pillemer & White, 1989; Wheeler, 2000, see
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Nelson, 1995 for elaboration). However, empirical research has produced compelling data
that young children are able to verbally report on events they experienced prior to the onset
of language (Bauer & Wewerka, 1995; 1997; Bauer Kroupina, Schwade, Dropik, &
Wewerka, 1998; Morris & Baker-Ward, 2007). Importantly, this subsequent verbal recall
has been shown to be unrelated to the child’s language abilities at the time of the event,
which suggests that a memory encoded without the benefit of language can be accessible to
verbal report later in life (Cheatham & Bauer, 2005, but see Cleveland & Reese, 2008, and
Simcock & Hayne, 2002; 2003, for evidence that language at encoding does play a role in
young children’s verbal memory). Although the transition to verbal memory is fragile and
evidence from other studies suggests this process is easily disrupted (Morris & Baker-Ward,
2007), these findings imply some continuity between early and later memory processes
(Bauer, 2005; Howe & Courage, 1997; C. Nelson, 1995).

Second, children’s memory abilities are related to their school success and general cognitive
development. For example, memory abilities are associated with reading abilities in children
(Schneider & Néslund, 1993) and adolescents with and without learning difficulties
(Mirandola, Del Prete, Ghetti, & Cornoldi, 2011). Thus, from an applied perspective,
understanding of relations between early and later memory abilities is important, particularly
since research consistently shows that the key to altering the course of development lies in
implementing intervention strategies as early as possible (Ramey & Ramey, 1998). If early
and later memory processes are unrelated, a lower limit would exist as to how early deficits
could be identified and interventions initiated in children at risk for memory impairment.
Conversely, continuity between early nonverbal mnemonic abilities and later abilities would
motivate earlier intervention.

The elicited/deferred imitation paradigm has been used extensively to characterize the
course of typical memory development from infancy through toddlerhood. Beginning as
early as the 61 month of life, infants are able to recall individual actions for 24 hours (Barr,
Dowden, & Hayne, 1996; Collie & Hayne, 1999), albeit only after six exposures. By 9
months of age, infants can recall actions for up to 5 weeks (Carver & Bauer, 1999, 2001).
Ten-month-olds recall after delays of 3 months (Carver & Bauer, 2001; Mandler &
McDonough, 1995), 14-month-olds recall after delays of 4 months (Meltzoff, 1995), and 16-
month-olds recall after delays of 6 months (Bauer, Wenner, Dropik, & Wewerka, 2000).
Ordered recall is exhibited more reliably after 13 months of age, although individual
differences in ordered recall are dependent on both the length of delay and degree of
cognitive challenge (Bauer et al., 2000). The number of exposures necessary for successful
ordered recall drops to one by 14 months of age (Meltzoff, 1995). Together these studies
map the development of a memory system that early on requires repeated exposures and
shorter delays for successful recall. As development progresses, the system becomes more
established and ordered recall becomes less challenging. Thus, the declarative memory
system begins to be evidenced at 6 months of age, and by 20 months, recall abilities as
tested by this paradigm are robust and reliable (see Bauer, 2007, for a review).

The elicited/deferred imitation paradigm has also been used to identify differences in
memory abilities in infants and toddlers at —risk for impairment due to a variety of
conditions (each with their own distinct underlying mechanisms/pathophysiology), including
preterm birth, prenatal iron deficiency, maltreatment, and institutional rearing (see Bauer,
2010 for recent review). These studies suggest that, compared to standardized measures
(e.g., Bayley Scales of Infant Development; Bayley, 1993), behavioral imitation paradigms
provide increased specificity regarding the nature of cognitive impairments early in life
(e.g., DeBoer, Wewerka, Bauer, Georgieff, & Nelson, 2005), and can identify at-risk
children when standardized assessments fail to do so (e.g., Cheatham, Bauer, & Georgieff,
2006). Such specific, early identification is an essential first step toward early intervention
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when chances are better that developmental trajectories can be altered (Ramey & Ramey,
1998). Although these findings from applied settings are promising, their impact remains
limited because these samples have not been followed longitudinally into the school-age
years and thus, long-term outcomes remain unknown.

One previous study has examined associations between deferred imitation at 9 months and
general cognitive abilities at 4 years in a typically developing sample (Strid, Tius, Smith,
Meltzoff, & Heimann, 2006). This study reported a marginal correlation between 10-minute
deferred imitation of single actions and overall performance on the McCarthy Scales of
Children’s Abilities (collapsed across verbal, perceptual, quantitative, motor, and memory
subscales). This finding suggests early memory abilities may be related to later global
cognitive ability, but no relation was observed for the memory subscale alone (which
measured immediate recall of words, numbers, pictures, and tonal sequences). The memory
subscale on the McCarthy Scales differs substantially from the deferred imitation paradigm
administered, which required infants to behaviorally recall single actions performed on
objects (e.g., pressing a button on a box to produce a beeping sound). Thus, although it is
possible that early memory abilities were not related to later memory abilities (despite being
related to global cognitive ability), it is also possible that the lack of association between
imitation performance and later memory measures was due to differences in the 1) format of
the assessments (behavioral versus verbal recall); 2) content of the to-be-remembered
information (visual/motor versus verbal/auditory); 3) the delay over which the information
needed to be retained (10 minutes versus immediate); 4) the young age of infants when the
imitation task was administered (i.e., at 9 months there is very high variability in infants’
elicited imitation performance, see Bauer, 2006; 2007), or a combination of these and other
factors.

In the current study, we examined associations between imitation of action sequences at 20
months (when performance is reliable and robust) and a battery of memory measures at 6
years of age in typically developing children. Specifically, the follow-up memory measures
included a task that is very similar to the imitation paradigm (referred to as a “non-
standardized/laboratory-based imitation sequencing task”) as well as a commercially
available and standardized memory assessment (Children’s Memory Scale; Cohen, 1997),
which provides indices of immediate and delayed recall for both verbal and visual stimuli.
We hypothesized that imitation performance at 20 months of age would predict performance
on both laboratory-based and standardized memory measures at 6 years of age. An
exploratory question was whether imitation performance (i.e., a behavioral measure of
memory for action sequences) would predict memory for verbal, visual, or both types of
stimuli.

Finally, to address the specificity of these associations, we also examined whether other
cognitive abilities (i.e., language) and social factors (i.e., temperament) as measured at 20
months would predict later memory abilities. We hypothesized they would not.

Seventy-five participants were initially recruited from a list of families who indicated
interest in participating in research; 36 (17 female, 19 male) were available for the follow-up
assessment 5 years later.1 The sample was recruited from middle to upper-middle class

1To determine if there were differences in memory performance between the toddlers who were available for follow-up and those who
were not, 1-way ANOVAs were conducted on variables indicative of memory performance. No significant differences in memory
performance were identified (all ps >.54).
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suburbs surrounding a large Midwestern University in the United States and reported the
following race/ethnicity 86% Caucasian, 5% Asian/Caucasian, 3% African American/
Caucasian, 3% American Indian/Alaskan Native & Caucasian, and 3% undisclosed. Data
from one male were not included due to a diagnosis of autism spectrum disorder. Mean age
of the children at Wave 1 was 20 months, (SD = 27 days) and at Wave 2 was 6 years, 7
months (SD = 2 months, 3 weeks). In accordance with the American Psychological
Association’s guidelines for ethical treatment of human participants, parents provided
written informed consent for their children to participate, and all procedures were approved
prior to the start of the investigation by the University’s Institutional Review Board.

Twenty-month assessment—At 20 months of age, children were tested on eight 4-step
sequences, the temporal orders of which were constrained by enabling relations. Enabling
relations exist when certain actions must be completed sequentially for the desired end state
to be realized (e.g., Bauer, 1992; Bauer & Mandler, 1989; Wenner & Bauer, 1999). To
increase the generalizability of the findings, half of the sequences were demonstrated 3
times and half were demonstrated only once (exposure sessions were 1 week apart). In order
to assess abilities in another cognitive domain (i.e., language), parents completed the
MacArthur-Bates Communicative Development Inventory for Toddlers (CDI; Fenson et al.,
1994) by indicating the words their children produced. Responses to these questionnaires
yielded a total score that was converted to a standardized percentile score based on age and
gender. In order to assess other social characteristics of the child (i.e., temperament), parents
completed the Toddler Behavior Assessment Questionnaire (TBAQ); Goldsmith, 1996), by
indicating how often their child behaved in certain ways during the past month in a variety
of situations (using a 7-point scale ranging from 1 = never to 4 = about half thetimeto 7 =
always, with the opportunity to indicate that the situation did not apply). Responses to these
items result in five independent dimensions of temperament: 1) Activity Level, 2) tendency
to express Pleasure, 3) Social Fearfulness, 4) Anger Proneness, and 5) Interest/Persistence.

Six-year assessment—At age 6 years, a hon-standardized laboratory-based imitation
sequencing task was administered. This provided a behavioral measure of memory abilities
using a modified version (no learning trials) of the 9-item picture sequencing task (see
Weintraub, Dikmen, Heaton, Tulsky, Zelazo, Bauer, P. J., et al., in press for similar
paradigm) that was designed to be as similar as possible to the traditional elicited imitation
paradigm used with toddlers, yet age-appropriate for school-aged children. In short, 9
pictures of objects associated with a common theme (e.g., playing at the park) were laid out
on a table one at a time with verbal narration (e.g., “catch the butterfly,” “throw the
Frisbee,” “feed the duck™). Each sequence was shown only once. Relations between items in
the sequence were arbitrary. Following presentation of the pictures, the experimenter
collected, shuffled, and re-presented them to the children in a 3 x 3 grid. Children were
asked to reconstruct the sequence.

In addition, the Children’s Memory Scale (CMS; Cohen, 1997) was used as a standardized
measure of memory abilities. The CMS is an individually administered, comprehensive
assessment instrument designed to evaluate learning and memory functioning in children
ages 5 through 16 years. It assesses functioning across three domains: auditory/verbal
learning and memory (i.e., stories and word pairs), visual/nonverbal learning and memory
(i.e., dot locations and faces), and attention/concentration (i.e., digit span, speed and
accuracy of familiar sequences). From these subtests, the following index scores are derived:
1) General Memory Score; 2) Immediate and Delayed Verbal Memory Score; 3) Immediate
and Delayed Visual Memory Score; 4) Delayed Recognition Memory Score; 5)
Concentration Score; and 6) Learning Score. Children were also tested on two tests from the
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Woodcock Johnson I11 (WJ-111; Woodcock, McGrew, & Mather, 2001) to assess processing
abilities: Pair Cancellation and Visual Matching, both of which require children to search for
certain items in an array emphasizing both speed and accuracy but do not involve memory
per se. Because our focus was on predicting memory, language and temperament were not
assessed at 6 years.

Children were tested individually in a laboratory setting at both 20 months and 6 years of
age. At Wave 1, all children participated in the elicited imitation paradigm (for similar
protocol, see Bauer et al., 2000). Consistent with previous research, each of the 8 test
sequences consisted of 1) a baseline measure (to control for general problem solving skills
and fortuitous production of the actions), 2) demonstration (i.e., modeling) of the event
sequences with verbal labeling by the experimenter, and 3) immediate imitation with a
verbal prompt. Following established procedures (Bauer et al., 2000) two dependent
measures indicative of memory were derived: 1) production of individual target actions
(max = 4), and 2) production of pairs of target actions in the correct temporal order (max =
3). Sessions were videotaped for later coding.

At Wave 2, children returned to the laboratory and completed the modified 9-item picture-
sequencing paradigm (Weintraub et al., in press), the CMS (Cohen, 1997), and the two WJ-
111 tests (Woodcock et al., 2001). Administration of the 9-item picture-sequencing task was
as similar as possible to that of the elicited imitation paradigm at Wave 1. That is, the
experimenter first modeled the event sequence for the child with verbal labeling, and the
child was subsequently given the opportunity to reproduce the sequence immediately or
after a 10-minute delay. Production of two adjacent items in consecutive order served as the
dependent measure of memory. Administration of the standardized assessments followed
published guidelines, and dependent measures consisted of scaled scores.

Data coding and reduction—Videotapes of imitation sessions were coded by
experienced coders who were unaware of the design and hypotheses of the study. Before
coding study tapes, coders were required to achieve over 90% reliability with master codes
on three training tapes. Frequent reliability checks were made to ensure that any coder drift
was detected and remedied immediately. Reliability was assessed on 25% of the sample
with an average inter-rater reliability of 89.36% (range 81.82% to 97.30%).

Prior to analyses, all data were checked for inconsistencies, extreme values, and violation of
assumptions. Data were normally distributed and values were within the range expected.

Twenty-Month Assessment

No differences were found between scores on events to which the toddlers were exposed
once and those to which the toddlers were exposed three times. Thus, data were collapsed,
and all analyses were performed on scores averaged across the entire session. At 20 months
of age, children’s immediate recall of individual target actions was significantly greater than
baseline performance, t(34) = 22.89, p <.001, as was their production of pairs of actions in
the correct temporal order, t(34) = 18.49, p <.001, indicating robust recall for the sequences
(Table 1). Scores on the MacArthur-Bates VVocabulary Scales and TBAQ were typical for
this age group (Table 1). At the 20-month assessment, both the number of actions and pairs
of actions produced in the correct temporal order, but not the number of actions produced at
baseline, were correlated with ratings of Activity Level from the TBAQ r(33) = .40, p < .05,
r(33) = .41, p <.05, respectively. This is consistent with previous research indicating that
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characteristically high activity levels may be beneficial in behavioral imitation tasks (see
Bauer, Burch, & Kleinknecht, 2002). No other temperament measures or language measures
were correlated with performance on the elicited imitation task at 20 months (rs ranged
between .05 —.30).

Six-Year Assessment

Descriptive statistics regarding performance on the tasks at 6 years (CMS, WJ-111, and 9-
item picture sequencing task) are included in Table 2. The sum of scaled scores from the
CMS fell within the typical range for this age group. None of the children’s general memory
index scores suggested memory impairment (Cohen, 1997). Measures of memory and speed
of processing at 6 years were related to each other. Specifically, the General Memory Score
from the CMS was significantly correlated with performance on both pair cancellation,
r(33)=.44, p < .01, and visual matching, r(33)=.57, p <.001, tasks from the WJ-III.
Performance on the 9-item picture sequencing task was not correlated with the CMS or WJ-
Il.

Associations between Memory Performance at 20 Months and 6 Years of Age

Correlational analyses were conducted between the dependent measures of memory
performance at 20 months of age and measures of memory at 6 years. As indicated in Table
3, immediate imitation of individual actions and pairs of actions in the correct temporal
order at 20 months of age were significantly related to the following measures on the CMS:
General Memory Score, Immediate Visual and Verbal Scores, Attention/Concentration
Scores, and Learning Score. Performance on the elicited imitation task was also significantly
related to pair cancellation (WJ-I11), visual matching (WJ-111), and immediate recall of pairs
of actions on the 9-item picture sequencing task.

To address the specificity of these relations, we examined associations between language
and temperament at 20 months, which were hypothesized to be unrelated to memory at 6
years of age. When correlational analyses were conducted between these measures at 20
months and measures at 6 years, the only significant relations to emerge were between 1)
Language and Attention/Concentration, 2) Language and Learning, 3) Social Fearfulness
and Verbal Immediate Memory, 4) Interest/Persistence and Verbal Immediate Memory and
6) Pleasure and Delayed Recognition Memory, see Table 3. Because multiple measures
were related to performance on the CMS (i.e., elicited imitation and temperament), we
sought to address which measure accounted for the most variance in CMS performance. To
this end, we conducted a series of step-wise linear regression analyses using measures of
elicited imitation, language, and temperament at 20 months of age to predict standardized
performance on the CMS. Only target actions were included in the regression models, since
they were highly correlated with pairs of actions in the correct temporal order, r=.96, p<.
001.As summarized in Table 4, only elicited imitation performance entered into the models
and significantly predicted later memory performance on the CMS General Memory Scale
and the CMS subscales: Visual Immediate Memory and Verbal Immediate Memory. Elicited
imitation performance at 20 months of age accounted for 15% of the variance in the General
Memory scores, 18% of the variance in Visual Immediate Memory scores, and 19% of the
variance in Verbal Immediate Memory scores. For the Attention and Concentration
Subscale, both elicited imitation and the temperament scale Activity Level entered into the
model and accounted for 37% and 11%, respectively, of the variance in attention and
concentration. Finally, elicited imitation performance and the temperament scale Anger
Proneness accounted for 19% and 12% of the variance in Learning Scores. In sum, after
controlling for language abilities, performance on elicited imitation explains between 15 and
37% of the variance in later memory.
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Discussion

Findings from this study revealed longitudinal associations between elicited imitation
performance and both immediate verbal and nonverbal memory measures across 5 years of
life. The contribution of this investigation to research on memory development is two-fold.
First, it addresses in a controlled laboratory environment whether early memory
performance is related to later memory performance. It adds to the small, yet influential,
corpus of longitudinal studies in cognitive development that span infancy to school age and
nonverbal to verbal measures (e.g., Harley & Reese, 1999; Rose, Feldman, & Jankowski,
2005; Rose, Feldman, Jankowski, & VVan Rossem, 2005). Second, it establishes the utility of
infant memory assessment via elicited imitation in predicting later school-age memory
abilities.

The current study extends previous research (i.e., Strid, et al., 2006) by examining the utility
of toddlers’ performance on multi-step elicited imitation tasks as a predictor of their memory
abilities after entering formal schooling. In addition, it shows that elicited imitation
performance is predictive of both visual and verbal memory, when similar delays are
imposed. Specifically, our measure of immediate recall at 20 months was related to
immediate recall of both verbal and visual material at 6 years, but was not related to memory
across a 30-45 minute delay (on standardized or laboratory-based measures). The fact that
immediate imitation predicts immediate but not delayed memory measures at 6 years is not
surprising, given that recall immediately and after a delay make different demands on the
individual and especially, on the infant. However, the fact that there are different demands
does not mean that different types of memory are being measured. All imitation (using this
task, at least) is elicited. The field has adopted the convention of saying that immediate
recall is “elicited” imitation and delayed recall is “deferred” but of course, deferred imitation
is also elicited. Thus, the tests simply make different demands on the same memory system.
Future studies should aim to address the predictive utility of deferred imitation in predicting
later delayed recall abilities, when task demands are similar.

Our findings provide important evidence relevant to the theoretical debate regarding the
nature of early memory development. Continuity and specificity within the declarative
memory system are not predicted by developmental theories in general, but by theories that
postulate similar mechanisms for the formation, maintenance, and retrieval of memories
both early and later in life (see C. Nelson, 1995 for elaboration). From a cognitive
neuroscience perspective, performance on the elicited imitation task has been shown to rely
more heavily on memory structures in the medial temporal lobe (i.e., hippocampus) in
comparison to regions in the frontal lobe (e.g., McDonough et al., 1995). These same
structures are argued to underlie declarative memory abilities in infants, children, and adults
(Bachevalier & Vargha-Khadem, 2005; Bauer, 2005; C. Nelson, 1995; Ghetti, DeMaster,
Yonelinas, & Bunge, 2010). Our behavioral results are consistent with neuroimaging studies
that suggest there are not qualitative changes in neural regions underlying successful
memory performance but a refinement of structures and increases in functional connectivity
within these and supporting regions (such as prefrontal cortex, e.g., Casey, Giedd, &
Thomas, 2000; Menon, Boyett-Anderson, & Reiss, 2005; Ofen et al., 2007). Memory at 20
months predicted several measures at 6 years (i.e., verbal memory, visual memory, attention/
concentration and learning); however, these were also predicted by measures of
temperament at 20 months. In contrast, memory at 20 months was the only unique predictor
of later memory, suggesting continuity within the declarative memory system over time.
Regression analyses revealed that, even after controlling for language abilities, variance in
memory abilities at 6 years of age can be explained by memory abilities as a toddler.
Depending on the subscale analyzed, performance on the elicited imitation task explained 15
to 37% of the variance in age 6 memory performance. Interestingly, when the temperament
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scale Activity Level was controlled, the variance in Attention/Concentration scores on the
CMS for which imitation scores accounted jumped to 37%. Attention/Concentration was the
only construct for which Activity Level was a predictor. These regression analyses suggest
that future research is needed to further elucidate these relations.

Measures of memory, language, and temperament at 20 months of age were related to
Attention/Concentration Scores and Learning Scores at 6 years (in both correlation and
regression analyses). These associations suggest that attention, concentration, and learning
are multiply determined and that elicited imitation performance is not the only indicator of
future problems or successes in these domains. For instance, Activity Level at 20 months
was negatively associated with Attention/Concentration Scores suggesting that perhaps
being very physically active (as opposed to sitting still and focusing on a task) early in
development may be detrimental to one‘s similar ability to pay attention and concentrate in
early childhood.

The present investigation is the first to suggest that memory variability identified using the
elicited imitation paradigm early in life is predictive of individual differences in memory
years later. This predictive utility suggests the use of the elicited imitation paradigm is a
viable option for early identification of memory difficulties in at-risk populations (e.g.,
DeBoer et al., 2005; de Haan, Bauer, Georgeiff, & Nelson, 1999; Cheatham et al., 2006;
Kroupina, Bauer, Gunnar, & Johnson, 2010; Riggins, Miller, Bauer, Georgieff, & Nelson;
Rose et al., 2005). Early identification of impairment is important because problems
identified later in development are more difficult to remediate, with the likely result that the
child will continue to fail and perhaps withdraw from school. The earlier an intervention is
begun, the higher the likelihood of success (Ramey & Ramey, 1998). Moreover, assessment
of memory functions is an important component of neuropsychological, psychological, and
psychoeducational evaluations as deficits in memory functioning have been associated with
a number of acquired and developmental disorders of childhood (Drozdick, Holdnack,
Rolfhus, & Weiss 2008). It is critical that practitioners are able to make distinctions between
global versus specific cognitive impairments. Thus, the implications of this work are far-
reaching. There are a few notable limitations of the current study. First, these results are
based on a limited sample, both in terms of size and diversity. Related, attrition rates were
high due to the length of the delay between assessments; only 48% of the original sample
was available for follow up. Second, there was a limit to the variables that were obtained at
the 20-month assessment that may be predictive of later memory performance. Future
studies should examine additional variables of interest, such as deferred imitation and/or
speed of processing. Third, although memory abilities in school-age children can be
statistically explained by memory abilities as a toddler, we report correlations across time,
not causal relations. There are numerous causal mechanisms that could lead to this
correlation. This is certainly a question that deserves more attention in future research.

In closing, this report establishes elicited imitation methodology as a predictor of school-age
abilities when utilized at 20 months of age. These results not only speak to the domain
specificity of relations between early measures and later measures of abilities but also lend
credibility to recent studies using elicited imitation to identify early children at-risk for
memory impairment.
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Table 1

Descriptive statistics for measures at 20 months of age.

Assessment Mean (SD) Minimum Maximum

Memory (Elicited imitation)

Baseline
Target actions 0.78 0.29 0.13 15
Pairs of target actions ~ 0.12 0.12 0 0.5
Imitation
Target actions 3.05 0.65 1.38 4
Pairs of target actions ~ 1.79 0.55 0.5 2.63

Language (MacArthur-Bates CDI)

Standardized percentile ~ 55.03  34.19 5 100
Temperament (TBAQ)

Activity Level 4.04 0.58 3 5

Pleasure 5.30 0.62 4 7

Social Fearfulness 3.93 0.88 2 5

Interest/Persistence 4.20 0.80 3 6

Anger Proneness 3.78 0.75 2 5
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Descriptive statistics for cognitive measures at 6 years of age.

Table 2

Task Mean (SD) Minimum Maximum
Children’s Memory Scale
Sum of Scaled Scores
General Memory 97.31 16.09 55 134
Visual Memory - immediate 22.69 452 13 32
Visual Memory - delayed 2331 347 13 30
Verbal Memory - immediate 25.83 5.6 13 38
Verbal Memory - delayed 2549 599 10 36
Delayed Recognition Memory  24.23  3.90 16 31
Attention/Concentration 2229 455 14 30
Learning 2411 485 14 34
Woodcock-Johnson 111
Pair Cancellation 3209 933 19 53
Visual Matching 2194 584 9 33
9-Item Picture Sequencing
Adjacent pairs - immediate 4.17 222 1 8
Adjacent pairs - delay 3.11 1.91 0 8
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Stepwise regressions were conducted on the dependent variables from the CMS, in turn. Potential predictors

were the following measures from 20 months: elicited imitation (target actions), language (standardized

percentile on the MacArthur-Bates CDI), and temperament (TBAQ Scales of Activity Level, Pleasure, Social
Fear, Interest/Persistence, Anger Proneness).

*

*

Dependent Variable B SE (B) B R2
General Memory
Step 1
Elicited Imitation ~ 9.61 3.96 039  g15*
Visual Immediate Memory
Step 1
Elicited Imitation ~ 3.04 1.09 044  g19**
Verbal Immediate Memory
Step 1
Elicited Imitation ~ 3.49 1.33 042 17"
Attention/Concentration
Step 1
Elicited Imitation ~ 3.38 1.01 048  o3**
Step 2
Elicited Imitation ~ 4.28 111 061 33"
Activity Level -2.57 1.23 -0.33
Learning
Step 1
Elicited Imitation ~ 3.16 117 043 18"
Step 2
Elicited Imitation 33 111 044  gog**
Anger Proneness  -2.18  0.97 -0.34

p<.05,

p<.01
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