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Abstract:

Improved memory after prompted retrieval, also known as the testing effect, is
evidenced in adults to support long term memory, but rarely examined in children in pre-
school or with intellectual disabilities, such as Down syndrome (DS). This study examined
episodic memory across one-month, manipulating the presentation of episodic information to
compare testing versus restudy of arbitrary event sequences, and the effect of sleep variables.
Retrieval rates were compared at 5-minute and one-month delays in 52 children with DS
(aged 6-18, 27 male, 24 White) compared to 59 children with typical development (aged 3-7,
23 male, 35 White). A single test improved recall in the DS group over long term delays, this

is a novel finding and relevant to real-life and classroom experiences.
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Children with typical development or Down syndrome benefit from testing vs. repetition of

arbitrary event sequences across long-term delays and in the face of sleep disturbance

Memory and Learning — the effect of testing and restudying

The creation of memories and their storage over time is a key developmental process.
Various learning strategies have been studied in adults with typical development (TD), with
two of the most used strategies being retrieval practice/testing and restudying. Retrieval
practice, referred to throughout as testing, requires the participant to recall and produce
information, either immediately after encoding or following a delay; real world examples
include exams or class tests. Restudying provides multiple opportunities to encode
information; real world examples include flashcard learning. Recent research has suggested
that retrieval practice may serve to strengthen and integrate cortically based neural
representations, suggesting a structural basis for a functional change (Guran et al., 2022;
Zhuang etal., 2022).

Compared to restudying, retrieval results in significantly better long-term recall of the
nformation in individuals with TD, a benefit referred to as the “testing effect” (Bartlett &
Tulving, 1974; Carrier & Pashler, 1992). Roediger and Karpicke (2006) found that
participants who studied a prose passage and were tested after, opposed to restudying the
passage for a second time, recalled more prose after a two-day delay. This benefit was also
present when participants were assessed again after a 1-week interval. Moreover, testing
effects across the long-term seem to be present even when the initial recollection is
unsuccessful, and when no explicit feedback is provided (Smith etal., 2016).

Although less is known about the testing effect in young children, there have been a
few studies that have found a benefit of testing when preschool-age children learn novel

object labels (Fritz et al., 2007), and when 9-year-olds learn novel words and definitions
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(Goossens et al., 2014). Little is known about the testing effect, however, in individuals with
Down syndrome (DS), caused by a third copy of some or all of chromosome 21. As
individuals with DS have uneven memory development across the lifespan (Hughes, KMO,
2018; Silverman, 2007), understanding memory strengths and weaknesses, and methods to

improve memory function in this population is the focus of the present study.

Memory and sleep — hippocampal consolidation pathways

Despite increasing awareness in the field of the importance of sleep in both health and
disease, the influence of sleep on the testing effect has not been adequately investigated. One
study by Bauml, Holterman, and Abel (2014) found for adult participants who either had
testing or restudy prior to a period of sleep vs wake, sleep improved the performance in the
restudy condition, so that memory performance for both conditions was comparable after a
night of sleep and significantly better than the restudy wake group (but see Racsmany,
Conway, & Demeter, 2010; Tucker & Fishbein, 2008). Interestingly, this was caused by the
restudy condition leading to better performance after sleep, rather than the testing group
performing less well, so that memory performance for both conditions was comparable after a
night of sleep and significantly better than the restudy wake group. This finding suggests that
the benefit of sleep overpowers the benefit of testing and is consistent with the sleep-
dependent learning literature that also demonstrates a memory benefit of sleep vs wake
(Ellenbogen, et al., 2006; Gais, Lucas, & Born, 2006; Gomez, Bootzin, & Nadel, 2006;
Wilhelm, Diekelmann, & Born, 2008).

Further evidence that sleep processes are involved in the consolidation of memory
comes from studies showing that information learned during waking is reactivated during
sleep as a form of internal retrieval practice (Born & Wilhelm, 2012). Both retrieval and

sleep independently reduce forgetting over time, as information becomes consolidated into
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long-term storage and less dependent on the hippocampus. The results from the
aforementioned study by Bauml, Holterman, and Abel (2014) demonstrate how testing and
retrieval practice could allow information to be consolidated into long-term storage
immediately, bypassing the need for consolidation during sleep. This also suggests that the
consolidation method associated with testing may not require the hippocampus, as sleep
consolidation appears to involve hippocampus-cortex- hippocampus loops and reactivation
patterns.

If consolidation via retrieval practice is less reliant on the hippocampus, this route of
learning may be particularly beneficial for individuals with DS. Given the impaired
hippocampal function in this population, it is unclear whether the same patterns of
performance in the testing effect and restudying would occur, although recent work has
suggested that retrieval practice also facilitates learning in adults with DS (Starling, Moreira,

& Jaeger, 2019).

The development of episodic memory

Episodic memory is the autobiographical memory of sequences of events. One
method used to measure episodic memory is the deferred imitation (DI) task, which requires
participants to reproduce action sequences in the same temporal order as the sequences were
observed immediately and/or after a delay. The DI task is considered a gold standard task for
episodic memory measurement over long term delays (Milojevich & Lukowski, 2016).

Typical development

Evidence for memory function derived from DI assessments has been seen as young
as 6 months of age, with infants with TD able to recall a single action over a delay of 24
hours (Barr, Dowden & Hayne, 1996; Collie & Hayne, 1999). By the age of 29 months,

children with TD can recall multiple actions in temporal order for delays as long as 8 months
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(Bauer, Hertsgaard, & Dow, 1994). Some studies have compared the effect of restudying in
individuals with TD across early childhood. For example, infants aged 16 to 20 months recall
over a 3-month delay significantly more information from sequences modelled two or three
times compared to a single exposure, showing the benefit of repetition (Bauer & Levonton,
2013).

The development of language over the first few years of life results in a vast increase
in the possible memory assessments available to researchers, which is likely why most
research using DI has been conducted in verbal children. However, the importance of these
findings is limited by the lack of longitudinal or cross-sectional studies into late childhood
and adolescence to provide long-term correlations in performance.

Down syndrome

The few studies using DI show that individuals with DS between the ages of 20 to 43
months who were demonstrated a single target action with an object, show retention of this
action over a delay of 5 minutes (Rast & Meltzoff, 1995). Children with DS aged 22 to 49
months demonstrated better recall of actions in a three-step sequence if tested compared to no
test, over a 1-month delay, supporting the presence of the testing effect in the DS population
by this age (Milojevich & Lukowski, 2016). After a one month delay all participants were
then presented with the same items from the learned sequences, as well as novel items from
previously unseen sequences. However, atthe 1-month delay, the DS group in that study did
not recall more pairs of actions on familiar sequences relative to novel sequences, suggesting
that either episodic memory loss occurred, or that the sequences lack a significant degree of
arbitrariness.

Individuals with DS aged 3 to 5 years have been found to recall significantly more
actions of a three-step sequence than mental age (MA) matched controls with TD over a 24-

hour delay (Roberts & Richmond, 2015). A limitation of this study is that the sequence was
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not truly arbitrary- it was creating a toy rattle where the three actions were: putting a ball in a
container, the attaching a handle, shaking the rattle. It is likely that the DS group
outperformed as they benefitted from the social cues present in the non-arbitrary event
sequence performance. Furthermore, the dependent variable in this study is actions- not pairs
in sequence, suggesting it is less episodic memory as it misses the order component. These
results provide insights into the initial emergence of episodic memory in the DS population,
but its development has yet to be adequately explored.

As people with DS develop, their memory profile diverges from those with TD, often
impacting their educational development, therefore understanding of this, and methods to
support learning, would be highly valuable. Furthermore, no studies have examined the effect
of sleep on hippocampal-dependent learning tasks such as DI in the DS population across

childhood and adolescence.

The current study
The current study utilized a DI paradigm to assess the testing effect in individuals
with DS, compare repeated exposure vs retrieval memory, and test both action memory and
episodic memory for a temporal sequence (Milojevich & Lukowski, 2016).
We addressed the following aims and hypotheses:
1. Weaimed to determine whether individuals with DS demonstrate the testing effect.
The hypothesis is that individuals with DS will produce more temporally correct pairs
(pairs of actions in the correct order) after a 1-month delay for sequences that were
immediately tested compared to sequences that were not immediately tested.
2. We aimed to compare recall in tested vs. repeated sequences at one month,
hypothesizing that both DS and TD groups will recall more information in tested

sequences than repeated sequences.
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3. Recall at one month is compared to actions produced in novel sequences, to examine
if we are measuring true memory as opposed to chance actions. The hypothesis was
that there will be more actions recalled vs produced in novel sequences,
demonstrating the arbitrary nature of the sequences and the validity of the recall at
one month.

4. To examine how the hippocampus and sleep dependent consolidation influence
information processing in both testing vs repetition conditions. The hypothesis was
that temporal order performance differences across the two time points in the test
condition will not be correlated with sleep measures, and that sequences in the
repetition condition will benefit from sleep. Those with DS with worse sleep quality
may have poorer long-term performance in the repetition condition (Bauml,

Holterman, & Abel, 2014).

Method

Participants

Three university sites participated, and each obtained IRB approval. Fifty-two
children and adolescents with DS and fifty-nine children with TD were recruited for the
study, with age range for each group selected to facilitate comparable cognition at the group
level, see Table 1. Participants were recruited through local and parent organizations and
advertisement. The exclusion criteria for both groups included: no history of uncorrected
vision or hearing impairments, past head injury or brain trauma, or unstable anxiety disorder
symptoms. The presence of trisomy 21 in participants with DS was confirmed by medical
records. The DS and TD groups differed significantly on nonverbal raw scores (t(94) =-2.36,
p=.020) and verbal raw scores on the KBIT-2 (t(100)=-3.03, p=.003; Table 1). It is important

to note that there are multiple methodological and conceptual challenges associated with



Restricted - Other

matching groups with differing skill levels through post hoc participant selection (Kover &
Atwood, 2013; Mervis & Klein-Tasman, 2004). In the present study, inclusion of the sample
of children with TD was done to replicate previous findings, thereby establishing the validity
of the task and experimental manipulations for use in the participants with DS; thus, the
whole sample was included despite the lack of “matched” groups.

Table 1. Demographic characteristics and KBIT-2 performance of final sample.

Group | N Age in KBIT-2 KBIT-2 Non-
(male) | months Verbal Raw | Verbal Raw
(Range) mean mean (Range)
(Range)
DS 52 (27) | 140 (72- | 22.1 (1-47) | 12.8 (1-20)
215)
TD 59 (23) | 58 (33-81) | 29.2 (4-49) | 15.0 (1-32)

Procedure and stimulus materials

Participants in the current study were recruited into a larger study in which they came
into the laboratory for multiple sessions, returning one month after session 1.
Delayed imitation task: The paradigm used for this study was adapted from Lukowski &
Milojevich (2016) and was adjusted for school-age children with TD and individuals with
DS. Each sequence included three target actions (example Figure 1).
Action 1: Velcro the gem onto the side of the block.

Action 2: Balance the plank on the top of the block.
Action 3: Placc the penny on top of the middle of the plank.

Figure 1. Example sequence.
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There were three conditions that differed, to examine how different presentations
affect memory encoding of the information.. Each participant saw a total of six sequences,
two in each of the three conditions: 1) Model, Model, Model (MMM); 2) Model, Model, 20
second pause (MMP); and 3) Model, Model, Test (MMT). In the MMM condition, the
examiner modelled the sequences three times to the participant. In the MMP condition, the
examiner modelled the sequences twice to the participant and then removed the objects from
the table and sat quietly for 20 seconds to equate the amount of processing time to the other
conditions. In the MMT condition, the examiner modelled the three-action sequences twice
for the participant and then asked the participant to use the objects to perform all three actions
in the same order demonstrated. If the participant imitated the sequence correctly the items
were removed, if not they were given 90 seconds to attempt the sequence before the items
were removed, with the experimenter offering praise, e.g., “that’s a neat idea” at regular
intervals. During session 1, all participants began with a two-action sequence warm-up, with
the sequence modelled twice and then tested. After the warm-up, the full test was
administered, see Figure 2. Once all the original six sequences were completed, a 5-minute
gap elapsed where participants were given a filler task of drawing to complete. After these,
memory was tested for three sequences, one in each condition. There was then a full month
interval, after which participants returned and memory for all sequences were assessed.
Participants were also presented with the items for a previously unseen sequence, to allow
comparison for recalled vs random actions/pairs. For full description of all sequences see

Appendix, Table 3.
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Figure 2. Study design

In terms of scoring actions and action pairs at each time point were coded. Actions

were coded for the N of target actions that occurred ranging from 0-3. Only the first instance

of each action was assessed when coding for pairs to account for actions produced by change

and trial-and-error. Possible pairs included: pair 1: (action 1 followed by action 2) and pair

2:(action 2 followed by action 3) for a maximum of 2 pairs. For example, a participant who

performed the following actions in this order 3, 3, 3, 1, 2, would receive 3 action (for

completing all the actions) and 1 pair (action 1 followed by action 2). Whereas a participant

who performed the actions: 3, 2, 1, 2, would be scored 3 actions, 0 pairs, as only the first

instance of each action is included in pair scoring. Mean number of pairs was used to assess

memory for temporal order based on Milojevich & Lukowski (2016). Sequences that were

temporally correct at baseline were excluded from all calculations. A total of nine sequences



Restricted - Other

(Appendix Table 3) were counterbalanced between the three sequence modelling conditions,

5-minutes test, and novel sequences at 1-month, into four versions (see Appendix, Table 2).

Kaufman Brief Intelligence Test-Second Edition (KBIT-2): Each participant’s verbal and
non-verbal intelligence was assessed using the KBIT-2. Raw scores were used to assess
between-group differences, due to the psychometric limitations associated with MA scores.
Two participants with DS did not complete the KBIT-2 (described below) due to behavioural

issues. A further participant completed the verbal but not non-verbal portion.

Actigraphy/ Sleep Diary: Actiwatch-2 devices were used to collect sleep data. Participants
wore the watch for seven days prior to or following session 1 and again for session 2.
Concurrently, parents also filled out a sleep diary. Based on the recommendations from
previous reliability analyses in children (Acebo et al., 1999), all participants wore the
Actigraph on the nondominant wrist for a minimum of 5 consecutive days, and the mean
sleep scores were computed across this period. Data were collected m 30-s epochs and
analysed using commercially available software (Respironics Actiware 5.71.0, Bend, OR).
Actigraphy data were scored at the medium sensitivity threshold (activity counts = 40/min),
with sleep onset and sleep end marked by a period of 3 and 5 min of immobility or more,
respectively (Meltzer, Montgomery-Downs, Insana, & Walsh, 2012). Each epoch of data
from the Actiwatch was assessed as sleep or wake, based on whether the activity score
exceeded the medium threshold. Variables of interest included sleep efficiency (percentage of

time in bed spent asleep) and total sleep duration.

Statistical analysis plan: To examine baseline and immediate imitation, actions and pairs

were compared between groups with t-tests for each measure (N actions, N pairs). Hypothesis


https://onlinelibrary.wiley.com/doi/full/10.1111/cdev.12443#cdev12443-bib-0002
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1 was addressed by running two (actions and pairs) mixed model ANOVAs with condition
(3: MMM, MMT, MMP) and “immediately tested” (2: yes or no) as within group factors and
group as a between group factor, with post-hoc follow ups to investigate the effect of
condition. Hypothesis 2 was addressed by running further two-way mixed ANOVAS with
condition (MMT and MMM) as within group and group as between group. Hypothesis 3 was
addressed by comparing the mean number of pairs for each sequence performed at 1 month
for novel and familiar sequences within each group by t-test. Hypothesis 4 was addressed by
averaging sleep data across time points (first visit and one-month delay), and correlating
sleep efficiency and sleep duration with a memory change score, calculated by subtracting

memory performance at one month from memory at 5 minutes.

Results
There were no significant differences between groups in actions or pairs at baseline
suggesting that groups had similar naturalistic behaviours with the items prior to the task
(baseline actions: t(109)=-0.96, p=.34, baseline pairs: t(109)=-0.46, p=.647). However, in
immediate performances there were group differences and violation of equality of variances
due to floor and low performances in the DS group compared to the controls, and thus
Levenes values are reported (Immediate actions: t(82)=-2.08, p=.04; Immediate Pairs: t(89)=-

2.73, p=.008), with the TD group performing significantly better at immediate imitation.

Immediate Testing effect evaluated at 1-month

Actions

At 1 month, actions recalled in sequences that were/were not immediately tested were
compared by condition between groups. The main effect of immediate testing was significant

(F(1,170)=43.9, p<.001) but did not interact with group (p > 0.5), suggesting the TD and DS
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groups benefited comparably from immediate testing, supporting the hypothesis that testing
supports long-term memory in DS. The main effect of condition was also significant
(F(2,170)=7.06, p=.001), although condition effects did not interact with group (p>0.05). The
main effect of condition was driven by significantly better recall in MMT than in either MMP
(t(2)=0.20, p=.010) or MMM (t(2)=0.27, p=.001). Importantly, there was a significant
interaction between condition, group, and whether tested immediately vs not tested
immediately (F(2,170)=4.9, p=.010). This interaction is depicted in Figure 3, which shows
that the testing effect occurred in the DS group in the MMP and MMM but not MMT
conditions, whereas in the TD group the test effect was present in the MMM condition, but

less pronounced in either MMP or MMT.

Tested Not tested Tested Not tested Tested Not tested
MMP MMM MMT

1.8
1.6
1.4
1.2

n Recall
H

%08
0.6
0.4

Me

o

EDS ETD

Figure 3. Recall by condition based on whether sequences were immediately tested or

not, by group (MMP= pause, MMM= restudy, MMT= test). (Error bars= SEM)

Pairs
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At 1 month, pairs recalled in sequences that were/were not immediately tested were
compared by condition between groups. Between group results need to be interpreted with
caution due to the immediate differences in group performance.

The main effect of testing was significant (F(1,166)=21.7, p<.001) but did not interact
with group (p> 0.5), meaning the TD and DS groups benefitted comparably from immediate
testing. The main effect of condition was also significant (F(2,166)=5.9, p=.003), although
this did not interact with group (p> 0.05). Importantly, there was not a significant interaction
between condition, group, and whether tested immediately vs not tested immediately

(F(2,166)=1.6, p=.198).

Tested vs repeated sequences

Comparing actions at 1-month performance in sequences that were repeated vs tested,
the main effect of condition was significant (F(1,96)=13.8, p<.001), such that tested
sequences had higher mean actions recalled than repeated sequences (2.22 vs 1.96). In
addition, condition significantly interacted with group (F(1,96)=3.96, p=.049). This finding
was driven by a greater difference between MMM and MMT (MMT better recalled)
performance in the DS than TD group, further indicating the importance of testing for
individuals with DS for support long term retention.

Comparing pairs 1-month performances in sequences that were repeated vs tested, the
main effect of condition was significant (F(1,96)=12.3, p=.001), such that tested sequences
had a higher mean number of pairs recalled than repeated sequences (0.73 vs 0.49). This did

not significantly interact with group (F(1,96)=3.0, p=.086).

Arbitrary pairs vs memory
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To address the concerns raised in Milojevich & Lukowski, (2016), we compared pairs
in novel sequences to pairs in familiar sequences across conditions at 1-month delay. In both
the DS (t(45)=-7.4, p<.001) and TD groups (t(51)=-9.2, p<.001), significantly more pairs

were performed in the familiar sequences than in novel sequences.

Sleep effects

In the TD group, there were no significant correlations between sleep measures and memory
changes across measures and conditions. In the DS group, sleep efficiency was associated
with retention of actions (r(31)=-0.398, p=.013) in the MMM condition, see Appendix, Table

1.

Discussion

Consistent with the first hypothesis, testing benefited long-term memory for the DS
group. Whereas there were group differences based on testing and condition in the recall of
actions, there was not the same three-way interaction in the comparison of pairs. This
suggests that both the TD and DS groups benefit similarly from testing when recalling
temporal information. The recall of actions differed between the DS and TD groups based on
the condition and if they were tested, whereas this was not seen in pairs, although with a
significance value of p=.086 it is possible a larger sample size may reveal a different result.

The second hypothesis was that long term episodic memory benefits from testing
compared to restudying. Results showed that, at one month, all sequences in the MMT
condition (i.e., that had immediate imitation opportunities) were better recalled than those in
MMM or MMP. The nonsignificant interaction with group suggests that both individuals

with DS and TD benefit comparably from testing; thus, encoding techniques may be more
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similar across groups than previously suspected. However, the significant interaction of
group with condition with testing suggests that the DS group benefits from single testing at
five minutes (MMM, MMP) more than the TD group, suggesting immediate testing is
particularly supportive for this group compared to individuals with TD. The lack of group
differences in the MMT condition suggests double testing (MMT + five-minute test) does not
provide a significant improvement, supporting a single immediate test to improve long term
memory outcomes. These findings are consistent with previous studies suggesting restudying
benefits short-term retention and testing supports long-term retention (Roediger & Karpicke,
2006; Roediger, Putnam, & Smith, 2011).

Our third hypothesis addressed a limitation of the Milojevich & Lukowski (2016)
study, which reported no significant difference in production of pairs in novel and familiar
sequences at one month, suggesting that either memory was impaired or that the sequences
were not arbitrary. In our data, both groups performed significantly more pairs in familiar
than in novel sequences at one month, showing not only that memory was functioning and
assessed, but also that we have successfully designed arbitrary sequences.

Our fourth hypothesis addressed the evidence for sleep supporting weaker methods of
learning over delays, but not benefitting information that has been tested. Sleep measures
were not correlated with performance change across time in the MMT condition but were
correlated with the MMM condition only in the DS group indicating that consolidation
between study and test for the repeated sequences is related to sleep in the DS group. Bauml,
Holterman, and Abel (2014) found sleep supported restudy but not retrieval condition
memory, further suggesting that sleep supports weaker forms of memory. This evidence
suggests that more low engagement tasks may benefit more from sleep consolidation,
specifically in people with DS, potentially due to impaired hippocampal function and

therefore reduced capacity for online storage.
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Overall, the DS group demonstrated better temporal order memory and memory for
individual actions for the MMT condition compared to the other 2 conditions after a 1-month
delay. However, the TD group did not show a difference between the three conditions at 1-
month. This is inconsistent with previous literature that found a benefit of retrieval practice in
young children (Fritz et al., 2007; Goossens et al., 2014; Sheffield & Hudson, 2006). A
common criterion associated with retrieval practice benefit is that retrieval must be effortful
to benefit (Bjork & Bjork, 2011). The amount of effortful retrieval might be different
between the two groups. However, comparing performance on immediate test, which can
only be observed in the MMT condition, did not show a difference between the two groups,
suggesting imitation abilities are not significantly worse in individuals with DS compared to
individuals with TD at a similar cognitive level.

This study has clinical implications for people with DS as well as other intellectual
disabilities. First, memory is not uniformly impaired across encoding presentations and time
scales in individuals with DS, but they show dramatically improved long-term retention when
given the chance to retrieve after learning. This finding suggests that educational strategies
should give more frequent retrieval opportunities than may be present in current practice.
These results also suggest that more research is needed to unpack these memory dynamics
across conditions, as we will not understand fully how to optimize learning until these
nuances, and the role sleep disturbance plays, are better considered. Finally, in this study we
used a gold standard memory assessment from developmental studies to measure memory but
given the language limitations in DS more work should understand how memory dynamics
relate to verbal learning, such as word learning or phrase memory.

Beyond the need to expand investigations to different content domains, there are some
other potential limitations i this study. The mitial lLimitation is the difficultly “matching” or

creating comparison groups between groups with TD and DS. There is controversy regarding
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the method or validity of matching two groups with such different developmental trajectories.
Matching as a concept is important methodologically for studies comparing groups on
numerous intellectual developmental faculties. However, in studies of individuals with
intellectual and developmental disabilities multiple authors have drawn attention to the issues
both theoretical and methodological of matching or claiming to match samples with non-
overlapping developmental pathways (Kover & Atwood, 2013; Mervis & John, 2008; Mervis
& Klein-Tasman, 2004). The samples in this study were not matched on any measure, the
KBIT-2 was included as a measure of cognitive capacity, and there were significant
differences in the verbal and nonverbal raw scores, whilst this can suggest caution in
comparing the two groups, the major focus of this paper is on the change in memory
performance across time, across memory conditions within groups, not between. The TD
comparison group was included largely to replicate previous findings, thereby establishing
the validity of the task and experimental manipulations for use in the participants with DS;
thus, the lack of “matching” or comparability in IQ scores is not a major cause for concern.
However, overall, the study is the first to show the difference in episodic memory
function over long term delays in children with and without DS. These data have implications
for the education and support of the DS population. The evidence that sleep has implications
in the long-term retention of memory function, specifically the recall of non-tested memory,
is also important for the DS population. These findings emphasize the importance of holistic

support and a developmental approach to learning outcomes in DS.

Appendix
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Table 1. The correlation matrix for sleep variables and memory change score in DS

Change Score

Mean Duration

Mean Efficiency

MMP pairs Correlation -.013 281
Coefficient
Sig. (1-tailed) AT72 .056
N 33 33
MMM pairs Correlation -.079 -.064
Coefficient
Sig. (1-tailed) 337 367
N 31 31
MMT pairs Correlation -.153 011
Coefficient
Sig. (1-tailed) 198 475
N 33 33
MMP actions Correlation -.035 -.020
Coefficient
Sig. (1-tailed) 424 457
N 33 33
MMM actions Correlation -.169 -.398
Coefficient
Sig. (1-tailed) 181 013
N 31 31
MMT actions Correlation -.094 143
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Coefficient
Sig. (1-tailed) .302 213
N 33 33

Table 2. sequences in each condition at each time point across the four packets of

Deferred Imitation task. Each four packets were equally counterbalanced across the

participants and groups.

Packet 1 Packet 2 Packet 3 Packet 4
Immediate MMP Fl Fl CD CD
MMM AE AE GH GH
MMT CG CG BF BF
5 minute MMP F I D C
MMM E A H G
MMT C G F B
1 month Baseline | B D A I

Table 3. Target actions of the nine possible sequences, in addition to the warmup

sequence
Sequence Action 1 Action 2 Action 3
Warm Roll ball on the table Put ball in the top of the | N/A
Up towards the tape tape
A Velcro the gem onto the | Balance the plank on Place the penny on the

side of the block

the top of the block

middle of the plank
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Place the pole into the

base

Hook flag to the string

Pull string

Place the popsicle stick
vertically on the centre
Velcro at the bottom of

the paper

Fan out the ovals of the

multi-coloured shape

Place the multi-
coloured shape on the
Velcro at the top right

of the paper

Place the head onto the

large spring

Place the small spring
into the larger spring

arms perpendicularly

Place the large spring

into the base

Velcro on the sun and

cloud to left Velcro

Slip the background

into the slits of the base

Velcro tree on the right

side of the plank

Flip the paper over to the

side with the polka dots

Place the fish on the

paper

Use magnet on string to

pick up the fish

Velcro star on top of the

cap

Put cap on flashlight

Shine flashlight onto

paper

Flip base so two bars are
at the bottom and four
bars are facing the

examiner

Balance ruler across the

base

Hook plane onto chain

attached to the ruler

Slip container in the blue

cover

Balance the straw

across the rim of the

container

Hang the fish over the

straw

Appendix Methods:
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Each sequence started with a baseline assessment. During baseline, participants had
60 seconds to manipulate the objects to determine what actions and the temporal order of the
actions they produced prior to the sequence modelling phase, enabling the measurement, and
controlling for naturalistic or non-arbitrary sequences. Participants were permitted to interact
with the items naturalistically, with the mstructions, “what can you do with these things?”.

Non-specific praise and encouragement were given.

After each baseline assessment, the examiner performed the actions associated with
one of the sequences consistent with the conditions by either modelling three times (MMM),
modelling two times and pausing (MMP), or modelling two times and testing the participant
(MMT) (Figure 2). The condition order was randomized so that the same condition was not
performed twice in a row.

The demonstration of sequences was tightly constrained, with items placed on the
table in a specific layout, from left to right. On demonstrating the first action, the
administrator said, “‘check this out”, the second action ‘“watch this”, and the third action “look
at this”, followed by “that’s what I can do with these things”. Between each action, the
experimenter removed their hands from the table to clearly delineate the order of actions. The
assembled items were then removed from the table (and participants view) before being
disassembled. In the immediate imitation condition, and in all following tests of imitation, the
items were then placed on the table and pushed across the table towards the participants with
the prompt “use these things to do what I showed you”. Non-specific phrases were used to
motivate the participant such as “That’s a neat idea”, “good job!”, or “cool!”. If the
participant correctly imitated the sequence, they were praised “well done!”, and the period

was terminated to prevent further actions being performed. Timings of imitation were
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recorded to indicate how quickly participants carried out imitation, the maximum time
permitted for imitation was 90 seconds. The pause condition was included as a measure of
additional processing time, not an additional presentation, as recent research has suggested
that intervals of being awake (compared to asleep) may help support memory processing
(Spano et al, 2018). Further, some studies have shown reduced levels of performance
initially because of the massed practice of multiple presentations, so this condition provided a
manipulation of presentation number as a comparison.

Following a five-minute interval, during which an unrelated colouring task was
carried out, each participant was tested on three sequences, one from each condition (‘5-
minute delayed recall’; see Figure 2). The same prompts and discontinue rules apply. After a
one-month delay, participants returned for session 2 and the same prompted-imitation
procedure was used as in the previous session. The participant was instructed first to do the
two-step warm up without demonstration. The participants were then tested on the six
sequences they saw at time 1, with the same discontinue rules (‘1-month delayed recall’; see
Figure 2). Additionally, a novel set of items was presented with the cue “What can you do
with these things?” to measure the spontancous increase in actions of each participant across

development.
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