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during instruction appears to be pivotal for supporting children’s
long-term memory.
© 2023 The Author(s). Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/).

Introduction

From early in life, children face the challenging task of learning to perform actions on the objects in
their environments. Objects designed by people have associated actions meant to be performed on
them (Tomasello, 1999). For example, keys are inserted into locks and twisted to unlock doors, Velcro
straps are pressed together to keep children’s shoes on their feet, and Mr. Potato Head’s arms are
inserted into holes on his body to assemble him. Learning to perform these actions appropriately is
an important skill for development that is unique to humans (Tomasello, 2001) and begins early in life
(Keen, 2011). Without some form of input from experts, children would struggle to learn the actions
meant to be performed on objects; they would not know which actions were acceptable to perform
with keys, Velcro straps, or Mr. Potato Head’s arms. Children observe adults perform actions
(Bandura, 1977) or receive instruction (Rogoff, 1990) to learn actions. Yet, children’s active experience
has been theorized as central for learning (Piaget, 1964). In the current study, we evaluated whether,
and how, active experience may support young children’s learning about actions from instruction.

Young children learn actions effectively from adults’ instruction. Infants are facile imitators of adult
action demonstrations (Meltzoff, 1988); for example, 9-month-old infants imitate simple actions on
objects (Meltzoff, 1988), and 12-month-old infants imitate two-step actions (Bauer, 1996). Viewing
action demonstrations supports learning better than completely independent, unguided child activity
(Meltzoff, 1985). Indeed, 16-month-old infants learned to use a new tool more effectively by observing
someone else than by engaging in active training (Somogyi et al., 2015). Adult demonstrations can be
pedagogical, where teachers intentionally teach children; pedagogy has been theorized as central for
learning (Csibra & Gergely, 2009). However, children learn through observing non-pedagogical
demonstrations as well (Gaskins & Paradise, 2010; Shneidman & Woodward, 2015). Whether models
are provided intentionally or incidentally, children could learn all the necessary information through
observation alone. In this study, we asked this question: Is there an added learning benefit for children
to be active during instruction?

Active experience has been proposed to be critical for young children’s learning (Piaget, 1964).
Wide-ranging research, particularly with older children, has lent support to this idea. Active experi-
ence benefits learning in contexts that involve instruction about abstract causal systems and mathe-
matical concepts; actively engaging with new material prior to instruction supported 4-year-old
children’s learning of causal systems (Sobel & Sommerville, 2010), second- to fourth-grade students’
math learning (DeCaro & Rittle-Johnson, 2012), and fourth-grade students’ science learning (Dean &
Kuhn, 2007). Similarly, caregivers who guided their children to actively explore a museum exhibit
about gears had children who learned more about the causal structure of gears (Callanan et al.,
2020). Consistent with these findings, curricula for preschoolers (Lillard, 2016) and elementary school
children (Hmelo-Silver et al., 2007) often feature child activity in a guided context.

Does active experience similarly benefit action learning earlier in development? On the one hand,
infants’ and toddlers’ robust ability to imitate others’ actions, even after a considerable delay (Bauer,
1996), indicates that active engagement might not be needed in this context. On the other hand, the
findings from older children’s causal and academic learning suggest that even when instruction pro-
vides all the needed information, active engagement may boost learning. Moreover, active engage-
ment has been linked to infants’ development, including infants’ object exploration (Needham
et al., 2002), understanding of others’ actions (Gerson & Woodward, 2014; Sommerville et al.,
2005), and knowledge of object properties (Soska et al., 2010). Active experience may support learning
for several reasons. Acting integrates multiple systems (perceptual, motor and cognitive, i.e., “embod-
ied cognition”; Wilson, 2002), and self-produced activity may provide different information value to
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the learner (Schulz et al., 2007). Therefore, we tested whether active experience supported young chil-
dren’s action learning in instructed contexts.

A recent study provided initial evidence that active experience may support young children’s
action learning during everyday teaching interactions with caregivers (Brezack et al.,, 2021). The
actions to be learned were novel assembly actions on toys, for example, fitting pieces together to cre-
ate an object. Having been told how the pieces should go together, caregivers taught their 2-year-old
children to perform the target assembly actions in whatever way caregivers wanted to do so. Then,
toddlers were tested on their ability to perform the target actions by an experimenter who was una-
ware of which of several toy sets children had been taught. Results indicated that caregiver instruc-
tions benefitted learning; children did not spontaneously discover the target actions without
instruction. Even so, toddlers who performed more actions during caregiver instruction demonstrated
better action learning at test. In contrast, when caregivers demonstrated more actions for their chil-
dren, children did less well during the test phase. Thus, children’s tendency to actively engage rather
than simply view caregivers’ demonstrations was a positive predictor of learning.

These findings suggest that active experience may be key to toddlers’ action learning. However, the
prior correlational study leaves open the possibility that the relation between toddlers’ active engage-
ment and their learning was due to another factor rather than reflecting the direct effect of active
engagement on learning. It is possible that individual differences in toddlers’ cognitive maturity drove
both their engagement during instruction and their ability to learn the actions. Brezack et al. (2021)
attempted to rule out this explanation by controlling for children’s skills with objects, measured by
their propensity to assemble multi-piece toys for which no instruction had been provided. Children
who were better at spontaneously constructing toys learned more from their caregivers; even so, con-
trolling for children’s skills, those who were more active during instruction demonstrated better learn-
ing. Still, an independent measure of children’s cognitive maturity would better elucidate the roles of
children’s developmental level and active experience in learning.

It is also possible that active experience during instruction could support different aspects of learn-
ing. Brezack et al. (2021) tested children’s learning of the actions they were taught. However, gener-
alization, or the ability to transfer learned information to new contexts, is an important type of
learning (Fiorella & Mayer, 2016). Generalization reflects conceptual or symbolic information
(Bruner, 1966) that children apply to new situations (Fiorella & Mayer, 2016). For example, 18-
month-old infants who practiced a demonstrated action showed improved action generalization after
a delay compared with children who only observed the demonstration (Hayne et al., 2003). Likewise,
research with older children in school settings suggests that active experience could specifically sup-
port children’s generalization of learned information to new contexts (Alfieri et al., 2011; Hmelo-Silver
et al., 2007).

Furthermore, active experience may support children’s long-term memory for taught information.
Toddlers have the capacity for robust long-term memories; young children remember people for years
(Lie & Newcombe, 1999). In particular, children have strong memory capacities for actions. Research
on deferred imitation demonstrated that infants as young as 6 months remembered actions they were
taught in a lab setting (Barr et al.,, 1996). However, in these studies, young children learned new
actions by watching demonstrations only, without enacting the actions to be learned (Meltzoff &
Moore, 1998). In contrast, studies on elicited imitation, where children perform actions after viewing
a demonstration, have indicated that enacting actions could enhance children’s action memory (Bauer
et al., 1994, Experiment 3; Meltzoff, 1990). When children performed actions after a demonstration,
young children’s action memory persisted for months (Bauer et al., 1994) and up to a year after being
taught new actions (McDonough & Mandler, 1994). Whereas children learn well from observing
actions, active experience may enhance children’s long-term action memory.

Active experience when learning similarly benefits adults’ memory. Adults had better memory for
actions they produced compared with actions they observed (Cohen, 1989). Adults also demonstrated
better memory for object locations after performing self-propelled reaching actions compared with
robot-propelled reaches (Trewartha et al., 2015). This suggests that initiating motor commands and
engaging coordinated muscle movements (Pouw et al, 2014) when acting may underlie active
engagement’s memory benefits. Indeed, the “motor-induced encoding effect” suggests that when
learners engage their motor processes to a greater extent while learning, they form stronger encoded
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memories (Kinder & Buss, 2021). In addition, physical activity involves sensorimotor associations,
including integrating information about how objects look and feel (Minogue & Jones, 2006) with
motor commands, which can also strengthen information encoding (Hutmacher & Kuhbandner,
2018) and create richer representations that are more likely to be recalled (Markant et al., 2016).

In the current study, we tested whether active experience during instruction supported learning
more than instruction that lacked opportunities for child activity. We used an experimental teaching
manipulation that controlled whether children were able to be active during instruction. In a within-
participants design, children were introduced to target actions for which instruction was either active
or observational. In the active condition, children were coached to perform the target actions them-
selves; the teacher guided children to perform the correct actions, but children learned via actively
engaging in the actions. In the observational context, children saw the teacher produce the actions,
but they did not engage in the actions themselves. Both types of instruction allowed children access
to two pieces of information to be learned: (a) target actions and (b) the structures of the assembled
toys. However, the instructions differed by whether children performed or observed the actions.

Following instruction, children’s learning was assessed by an assistant who was unaware of the
training configuration to which children had been assigned. Children were also tested on their ability
to generalize taught actions to novel toys. In addition, we used an independent measure of children’s
developmental level to test whether children with greater cognitive maturity learned more effectively
from the instructions. We assessed variation in children’s readiness to learn via the Cognitive subscale
of the Bayley Scales of Infant and Toddler Development-Third Edition (Bayley, 2006), which measured
children’s cognitive and motor performance on items similar to those learned from active and obser-
vational instructions (e.g., assembling puzzles).

In a follow-up memory test, we evaluated whether the instruction conditions led to differences in
children’s long-term memory for the taught material 1 year after instruction. Specifically, we tested
whether active or observational instruction affected children’s long-term visual recognition memory
for the toy structures. Although active experience might support long-term action memory (e.g.,
McDonough & Mandler, 1994), given the limitations on in-person data collection due to the COVID-
19 global pandemic when this research was conducted, we instead measured children’s visual recog-
nition memory for the toys the children had been taught to assemble actively and observationally.
Indeed, research with adults has found that physically exploring objects improved adults’ memory
for objects (Novak & Schwan, 2021). Active experience has been found to specifically improve adults’
visual recognition memory (Hutmacher & Kuhbandner, 2018), likely because physically active experi-
ence deepens encoding (Kinder & Buss, 2021) and activates visual representations of learned informa-
tion (Johnson et al., 1989). As with adults, active experience during instruction may similarly facilitate
young children’s visual recognition memory.

The methods and analyses of the lab visit were preregistered (https://doi.org/10.17605/0SF.I0/
Y35DP). After data were collected during the lab visit, the follow-up memory task was designed
and preregistered (https://doi.org/10.17605/0SF.I0/K2SX9). Videos from the lab visit and coding
manuals can be found in the Databrary video repository (http://doi.org/10.17910/b7.1328).

Method
Participants

A total of 46 full-term toddlers exposed primarily to English participated (average age = 23.42
months, range = 22.17-26.00; 21 male). Approximately half the sample was White (European or
White American: 20; African or African American: 11; Asian or Asian American: 2; Hispanic or Latino
American: 1; multiple races: 12). The sample had high levels of maternal education (postgraduate
degree: 22; bachelor’s degree: 12; some college: 8; associate’s degree: 2; did not report: 2). An addi-
tional 6 children were excluded following preregistered criteria (hearing more than 25% of another
language at home [the study was conducted in English]: 3; prematurity: 1; refusal to perform actions
during active instruction: 2). The preregistered sample size was 48, which was based on a power anal-
ysis of pilot data and allowed for full counterbalancing. However, 2 children were excluded after data
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collection was complete because they did not watch observed instruction long enough (as preregis-
tered) for a final sample of 46.

All 46 children were contacted to participate in a virtual memory follow-up task 1 year after the lab
visit, and caregivers of 32 children agreed for their children to participate. Of those 32 children, 6
demonstrated a side bias (i.e., they chose the image on the right side of the screen on all four trials)
and were excluded from the analyses as preregistered. The final sample consisted of 26 children
(12 male; mean age during the lab visit = 23.33 months, range = 22.17-25.30; mean age during the
memory task = 36.71 months, range = 33.80-40.63; time difference between the lab visit and the
memory task: mean = 13.38 months, range = 10.37-16.97). Children’s backgrounds were similar to
those of the full sample of children from the lab session (European or White American: 11; African
or African American: 3; Asian or Asian American: 2; Hispanic or Latino American: 1; multiple races:
9; postgraduate degree: 18; bachelor’s degree: 5; some college: 2; associate’s degree: 1).

Procedure

Children participated in a laboratory of a research university in the Chicago area of the U.S. Mid-
west with a primary caregiver between May and October 2019. Children were recruited from a data-
base of families who had agreed to participate in research. The study had four phases administered in
a fixed order: caregiver teaching (reported in online supplementary material), experimenter teaching,
test, and cognitive maturity assessment (Fig. 1). Children participated individually in a quiet testing
room with an experimenter and one of two trained assistants. Caregivers sat behind toddlers; care-
givers were instructed not to interfere and completed a measure of children’s productive vocabulary
during the study (MacArthur-Bates Communicative Development Inventory, Level II, short form
[MCDI]; Fenson et al., 2000). The session lasted approximately 1 h. Video was recorded simultaneously
from four webcams, and audio was recorded from one webcam. Families were given $20 and children
were given a T-shirt or book and a certificate for participating.

One year later, children were tested on their memory for information they had learned during
experimenter teaching in the lab session. After providing informed consent, caregivers and children
attended a recorded Zoom session with a trained assistant. Data were collected between July and
October 2020. The study took approximately 10 min, and families received a $5 gift card.

Materials

Five novel toys were designed for the study, modeled after toys in Brezack et al. (2021), each with
associated target actions to be learned (Fig. 2). Each toy had a base and six pieces. Target actions (ac-
tion types; six per toy) consisted of placing pieces onto the base to assemble a final end state. For
example, the action types for the cat toy were ear 1, ear 2, eye 1, eye 2, nose, and mouth. During care-
giver teaching, caregivers taught children to assemble a rocket ship toy (rocket). During experimenter
teaching, the experimenter taught children to perform target actions to assemble one animal face toy
(cat or dog) and one stacking figure toy (snowman or scarecrow). Children were taught one pair of toys,
either the cat and snowman (Pair 1) or the dog and scarecrow (Pair 2). One toy in the pair was taught
in an active context, and the other was taught in an observational context (within participants).

Children were tested on all five toys at test; the caregiver-taught toy, the two toys taught by the
experimenter (taught toys; e.g., Pair 1: cat and snowman), and two toys matched to taught toys that
were not taught (generalization toys; e.g., Pair 2: dog and scarecrow). Actions were designed to transfer
between the two animal face toys (cat and dog) and between the two stacking figure toys (snowman
and scarecrow) such that at test action performance on the untaught toys reflected children’s ability to
generalize taught actions to parallel toys. For example, the cat and dog had ears designed to be
inserted into slots on the base, but the ears differed in color and shape between toys. A set of four col-
orful foam blocks was used during the warm-up phase that began experimenter teaching.

For the memory task, children’s long-term visual recognition memory was measured using
computer-drawn versions of each experimenter-taught toy (target toys: cat, dog, snowman, scare-
crow), which were created using PixIr. A foil image was drawn to match each target toy; foils were
designed to be equally salient with structures similar to those of the target toys (cat-fox, dog-panda,
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Fig. 1. Study design. Lab visit: After caregiver teaching (see online supplementary material), toddlers were taught by the
experimenter (experimenter teaching): Children experienced a warm-up and were then taught actions in active and observed
styles (here: active—snowman, observed—cat). Children were then tested on the taught toys (here: active generalization—
scarecrow, observed generalization—dog, active taught—snowman, observed taught—cat). Toddlers then completed the
Cognitive subscale of the Bayley Scales of Infant and Toddler Development-Third Edition (cognitive maturity assessment;
Bayley, 2006). Memory task: One year later, children participated in a memory task where they saw each target toy from the lab
visit paired with a matched foil image (here: active generalization—scarecrow, foil—cowboy; observed generalization—dog,
foil—panda; active taught—snowman, foil—clown; observed taught—cat, foil—fox) and were asked which toy they remembered.

snowman-clown, scarecrow-cowboy) (Fig. 1). Each target toy and its corresponding foil image were
presented side by side in the same fixed order for all children with the target toy side counterbalanced.
In addition, the warm-up and caregiver-taught toys were drawn with foil images and were used to
familiarize children with the procedure. Two practice trials (orange circle and blue circle, yellow star
and green heart) were used to prepare children for the task. To remind children about their original lab
visit, three images from children’s sessions (caregiver and child, experimenter and child, assistant and
child) were taken from the video recordings.

Caregiver teaching

At the beginning of the lab session, caregivers taught their toddlers to perform target actions to
assemble the rocket. Caregivers were told to teach their toddlers in whatever way felt natural to them.
Teaching sessions ended when 5 min had elapsed or caregivers indicated that they were done teach-
ing, whichever occurred first (see supplementary material).

Experimenter teaching

Experimenter teaching consisted of three parts: warm-up, active, and observed. The order of active
and observed instructions was counterbalanced across children. The warm-up familiarized toddlers
with the procedure used later during active and observed instructions; sometimes children performed
actions (active), and sometimes the experimenter performed actions (observed). During the warm-up
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Fig. 2. Materials: Experimenter teaching. Four toys with six novel target assembly actions (action types) used in experimenter
teaching are shown: two animal faces (cat and dog) and two stacking figures (snowman and scarecrow). The experimenter
taught one pair (Pair 1: cat and snowman; Pair 2: dog and scarecrow). Each taught toy had a matched toy parallel in structure
but with pieces that differed in color, shape, and texture (generalization: cat-dog, snowman-scarecrow). Toddlers were tested
on all toys at test. Bases, pieces, and action types (within each cell): Each toy had a base (top left) onto which six pieces were
placed (bottom). Six action types (top right) were taught in a fixed order. Children were presented with the base and pieces in
an organized array during experimenter teaching (bottom left) and in a shuffled array during test (bottom right).

children built a block tower and then the experimenter built the tower. This procedure was repeated
(four sequences total: child, experimenter, child, experimenter) to provide toddlers with familiarity
with performing actions on their turn and observing actions on the experimenter’s turn.

During active instruction, children were coached by the experimenter to perform a series of target
actions to assemble a toy. Prior to performing each action, the experimenter provided instructions
about how to perform the action with language and pointing. She then handed toddlers the associated
piece so that they could perform the action (e.g., cat: “First you do the ear. The ear goes right here
[pointing]. Can you do that? [handing piece to children]”). The experimenter assisted children in per-
forming the correct actions if necessary by repeating instructions or using pointing gestures, finishing
children’s actions, adjusting placements, hovering pieces over their correct locations, or briefly
demonstrating actions. This process occurred for each action in the sequence in the same fixed order
(e.g., cat: ear 1, ear 2, eye 1, eye 2, nose, mouth).

During observed instruction, toddlers learned the target actions on a different toy by watching the
experimenter perform the actions. As in the active sessions, the experimenter provided instructions
for each action with language and pointing. However, the experimenter then performed each action
in the sequence (e.g., cat: “First I'll do the ear. The ear goes right here [pointing]. I'll do that [placing
piece in correct location].”). The procedure was matched between active and observed sessions, with
the only difference being the person performing the actions; children performed target actions during
active sessions, and the experimenter performed actions during observed sessions. Instruction order
(active or observed first), taught toy pair (Pair 1: cat and snowman; Pair 2: dog and scarecrow), and
active toy (cat or dog active; snowman or scarecrow active) were counterbalanced across children.

Test

Immediately following experimenter teaching, one of two trained assistants, who was not present
for caregiver or experimenter teaching, tested children on their target action performance. Toddlers
were tested on the caregiver-taught toy (see supplementary material), then the two generalization
toys, and finally the two taught toys. Children’s action performance on the toys they were taught dur-
ing experimenter teaching reflected their learning from instruction. Performance on the matched,
untaught generalization toys reflected children’s action transfer skills. Children were tested on each
toy individually for up to 2 min or until children refused to continue performing actions. The assistant
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remained neutral during test and assisted only when necessary to help children complete actions. See
supplementary material for additional details.

Cognitive maturity assessment

To test children’s cognitive maturity, the experimenter administered the Cognitive subscale of the
Bayley Scales of Infant and Toddler Development-Third Edition (hereafter the Bayley; Bayley, 2006)
following standardized testing procedures. This subscale requires similar skills as those needed to per-
form target actions in the study (e.g., assembling simple puzzles, putting pegs into a pegboard).

Memory task

One year after participating in the lab, families were invited to meet with a researcher over Zoom
for the virtual memory task, which tested children’s long-term visual recognition memory for infor-
mation they had been taught in the lab. Caregivers set up their computer screens so that children
could see only the images that the assistant shared via screen sharing on Zoom. Caregivers hid the
view of their own video to minimize distraction and were told not to intervene. The assistant admin-
istered two practice trials (orange circle and blue circle: “Can you point to the blue circle?”; yellow
star and green heart: “What shape is this?”) to encourage children to respond either by naming the
item or by pointing. Then, the assistant showed children the pictures from their original lab visit to
remind them about the previous session (e.g., “A long time ago, you played with toys with your
mom and some friends! Here you are playing with your mom!”). Children then saw the warm-up trial
and the caregiver-taught toy trial as additional practice (e.g., “Did you make a tower or did you make a
castle?”).

Next, children saw the four test trials: fox and cat, scarecrow and cowboy, dog and panda, and
clown and snowman. On each trial, children were asked which toy they remembered playing with
(e.g., “Did you make a fox or did you make a cat?”). When each toy was named, it expanded slightly
on the screen for emphasis and then returned to its original size. Children responded by pointing to or
labeling one of the two toys. Test trials corresponded with toys that children had been previously
taught: active taught toy, active generalization toy, observed taught toy, and observed generalization
toy (toy assignment was counterbalanced across participants during the lab visit) (Fig. 1). An addi-
tional four trials were presented to make the game more engaging: clown and scarecrow, fox and
dog, snowman and cowboy, and cat and panda. However, children’s memory for those additional trials
could have been contaminated by their responses to the four test trials; thus, only responses to the
four test trials were analyzed.

Coding

Coding was performed to answer three research questions. First, did active or observed instruction
differentially support action learning or generalization? To assess action learning differences, Test ses-
sions were coded for children’s ability to perform taught actions, generating test scores for each toy.
Second, did individual differences in children’s cognitive maturity relate to learning? Specifically,
we examined children’s cognitive maturity as measured by the Bayley. Third, did active or observed
instruction differentially support children’s long-term visual recognition memory for taught informa-
tion? To measure memory differences, children’s responses to the memory task items were coded.

Additional control measures were included from the lab visit to test whether session- or child-level
individual differences were related to learning. Session factors included the amount of time children
spent in each teaching session (active, observed, and caregiver teaching). Child factors included chil-
dren’s age and MCDI score. We also coded children’s engagement with active and observed instructions
to ensure that children performed actions accurately in active instruction and were visually attentive
to observed instruction. In addition, we coded the assistance that the experimenter provided to chil-
dren during active instruction. See Table 1 for all measures. Prior to conducting final coding, coders
were trained with manuals and practice. One coder coded caregiver teaching and test sessions and
was blind to the toys taught in experimenter teaching. A second coder coded experimenter teaching
and was blind to children’s performance at test. All coding was performed in Interact (Mangold, 1998).
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Study phase

Measure

Description of measure

Experimenter
teaching

Test

Cognitive
maturity
assessment

Session factors

Child factors

Memory task

Observed attention

Active instruction: Child
best performance score
Active instruction:
Experimenter assistance

Active taught test score
Observed taught test score

Active generalization test
score

Observed generalization
test score

Bayley

Active time

observed time
Caregiver teaching time
MCDI

Age

Active taught memory
score

Observed taught memory
score

Active generalization
memory score

Observed generalization
memory score

Visual attention (proportional): (observed time - look-away time) /
observed time

Children’s accuracy in attempting target actions during active
instruction

Number of instances of experimenter assistance during active
instruction: repeating instructions or pointing, finishing an action,
adjusting a placement, or briefly demonstrating an action

Active learning: Accuracy in target action performance on toy taught
in active instruction

Observational learning: Accuracy in target action performance on toy
taught in observed instruction

Active generalization: Accuracy in target action performance on toy
matched to toy taught in active instruction

Observational generalization: Accuracy in target action performance
on toy matched to toy taught in observed instruction

Cognitive maturity; age-normed score on Cognitive subscale of Bayley

Amount of time active instruction lasted

Amount of time observed instruction lasted

Amount of time caregiver spent teaching; maximum 5 min
Productive vocabulary

Child’s age at date of test

1/0 score reflecting recognition memory for the toy taught in active
instruction during the lab visit

1/0 score reflecting recognition memory for the toy taught in observed
instruction during the lab visit

1/0 score reflecting recognition memory for the toy matched to the toy
taught in active instruction during the lab visit (generalization toy;
experienced during test)

1/0 score reflecting recognition memory for the toy matched to the toy
taught in observed instruction during the lab visit (generalization toy;
experienced during test)

Note. Measures and descriptions of measures coded during the lab visit (experimenter teaching, test, and cognitive maturity
assessment; Bayley, Bayley Scales of Infant and Toddler Development-Third Edition), measures included as session and child
factors (including MCDI; MacArthur-Bates Communicative Development Inventory, Level II, short form), and measures coded
during the virtual memory follow-up task are shown.

The researcher who administered the memory task sessions coded children’s responses from the
videos.

Action learning: Test

Children’s target action performance was coded during test to examine whether toddlers learned
and generalized differently from active and observed instructions. Children’s action attempts on each
toy were coded by action type (e.g., cat: eye 1, eye 2, ear 1, ear 2, nose, mouth) and assigned a numer-
ical score reflecting accuracy (maximum score per action = 1, range = 0-1), which allowed children to
receive partial credit for performing actions imperfectly (Fig. 3). Because children often attempted
actions more than once, children’s highest scoring action attempt per action type was used to calculate
test scores. For example, if a child placed a cat ear in the upper right corner of the base, that attempt
would receive 1 full point. However, if the child then placed the ear near the bottom of the base, the
attempt would receive a lower score (.2). The highest scoring attempt of each action type (e.g., the
score of 1 rather than .2 for the cat ear) was averaged to generate a test score for each toy (maximum
score = 1). Children’s active taught test score and observed taught test score reflected learning from
experimenter teaching. Children’s scores on the generalization toys reflected their ability to transfer
actions learned in experimenter teaching to matched toys: active generalization test score and observed
generalization test score.
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Score=(1+1+.2+.05+1+1)/6=.71

Fig. 3. Example of scoring target action attempts. Example of scoring actions on the cat toy is shown. Target action attempts
were coded by action type (e.g., ear 1, ear 2, eye 1, eye 2, nose, mouth) and scored for accuracy (range = 0-1) during
experimenter teaching (active instruction: child best performance score) and test for all toys. The score from the best attempt of
each action type was averaged to calculate final scores out of 1. If an action was not performed, it would receive a score of 0; for
example, if ear 1 was never placed, the score would be calculated as (0 + 1 +.2 +.05 + 1 + 1)/6 = .54. Scoring levels were based on
Brezack et al. (2021) and were further developed during piloting to ensure that scores represented children’s overall accuracy in
constructing each toy.

Cognitive maturity assessment: Bayley

Children’s cognitive maturity was measured by scoring children’s performance on the Cognitive
subscale of the Bayley. Children’s performance on the Bayley Cognitive subscale was scored following
standardized scoring guidelines to generate an age-normed Bayley score for each child.

Engagement during experimenter teaching: Active and observed

Children’s visual attention was coded to ensure that children watched the Observed sessions for at
least 80% of the demonstration. To measure visual attention, we first coded the total time that active
and observed instructions lasted. Active time and observed time (included as session factors) were
coded from the onset of experimenter speech about the toy until the toy was taken away. Then, dura-
tions of time toddlers were looking away from the demonstration (experimenter and toy) were coded.
Observed attention was calculated as the proportion of time children were watching the instruction out
of 1 (observed time - look-away time) / observed time).

Children’s actions were coded analogously to their actions during test, but actions performed dur-
ing active instruction reflected children’s practice with taught information, whereas test performance
reflected learning. Analogous to test scores, each action was coded by action type and accuracy with a
maximum of 1 point per action. The highest scoring attempt of each action type was averaged to yield
a measure of active instruction: child best performance score out of 1. Actions were coded to ensure that
children reached a score of at least .8, as preregistered. Each instance of experimenter assistance nec-
essary for children to perform taught actions was coded, including repeating instructions or pointing
gestures, assisting in finishing children’s actions, adjusting placements during or after children per-
formed an action, hovering pieces over their correct locations, and briefly demonstrating actions.
The total number of times the experimenter assisted children was counted per child for a measure
of active instruction: experimenter assistance.

Session and Child Factors
In addition to active time and observed time, caregiver teaching time was coded as a session factor.
Time was coded from the onset of caregivers’ speech about or first touch of the toy, whichever
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occurred first, until the toy was taken away. This measure included only the time that caregivers were
on-task and teaching their toddlers. Child factors were calculated to control for child-level individual
differences that might relate to learning, including children’s age in months and the number of words
caregivers reported children said on the MCDI (a measure of productive vocabulary).

Memory task

The memory task sessions were coded for children’s forced-choice response to each item (correct:
selected the target toy; incorrect: selected the foil image) based on children’s verbal label, pointing, or
both. Therefore, each trial received a memory score of 1 or 0: active taught memory score, active gener-
alization memory score, observed taught memory score, and observed generalization memory score.

Reliability coding

Videos of 10 children (21.7%) from the lab visit were coded by a second coder. Each measure was
calculated for each child separately per coder and compared between coders to calculate reliability
(e.g., taught test scores on each toy for each child were compared; see supplementary material).
Across all measures, reliability was high: test scores: average intra-class correlation coefficient
(ICC) = .899, all ps < .001; experimenter teaching: average ICC = .873, all ps < .013; session factors:
average ICC = .989, all ps < .001. Reliability could not be calculated for active instruction: child best
performance score because within the subset of videos coded for reliability children performed all
actions perfectly (i.e., all children in the reliability sample received scores of 1). Videos of 6 children
(23.1%) from the memory task were double-coded by another coder. Reliability was high (23 of 24
judgments were identical; 95.8% agreement).

Analysis

Inclusion criteria

As preregistered, children included in the analyses performed actions with at least .8 accuracy dur-
ing active instruction (active instruction: child best performance score) and visually attended for at
least 80% of the observed time (observed attention). All children were included based on active
instruction: child best performance score. Data from 2 children were excluded for insufficient
observed attention (.58, .75), leaving 46 children for the analyses. Three toddlers did not complete
the Bayley and were not included in the analyses of the Bayley. For the memory task, as preregistered,
children needed to respond to at least two of the four test trials to be included; all children did so. An
additional 6 children demonstrated a side bias on the four test trials (i.e., children selected the image
on the right side of the screen on all four trials) and were excluded from the analyses as preregistered
for a final sample of 26 children.

Analysis strategy

The analyses were run to test whether active experience during instruction or cognitive maturity
was related to children’s action learning from active and observed instructions. The analyses were run
as linear mixed-effects models with participants as random effects (intercept) and the outcome as test
score on the four experimenter-taught items (active taught test score, active generalization test score,
observed taught test score, observed generalization test score) using the Ime4 package in R (Bates
et al., 2015). Across measures, values more than 3 standard deviations from the mean were excluded
(although the results did not differ if the outliers were included in the analyses): active time (1 value),
observed attention (1 value), and active instruction: experimenter assistance (1 value).

Additional preregistered analyses were run to test whether children’s memory scores differed by
active or observed instruction. The analyses were run as logistic mixed-effects models with partici-
pants as random effects (intercept) and the outcome of binary memory score for the four toys using
the Ime4 package in R (generalized linear mixed model [GLMM]; Bates et al., 2015). Deviations from
preregistered analyses are noted. See supplementary material for additional descriptive statistics.
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Results
Action learning from active and observed instructions

Prior to testing whether learning differed by active and observed instructions, we checked for
effects of the items within each type of toy (animal faces and stacking figures; scores did not
differ, all ps > .109). We next tested whether session factors (active time: M = 95.7 s, SD = 17.0,
range = 66.1-156.9; observed time: M = 74.3 s, SD = 6.1, range = 61.8-86.7; caregiver teaching time:
M = 3.0 min, SD = 1.4, range = 0.95-5.88; instruction order: active or observed first; taught toy pair: cat
and snowman or dog and scarecrow; active toy: cat or dog active, snowman or scarecrow active) or
child factors (age and MCDI: M = 40, SD = 17.9, range = 5-77) were related to test scores, combining
two preregistered models. As preregistered, we included children’s cognitive maturity (Bayley score;
M = 61.5, SD = 5.9, range = 48-74) in this model.

Bayley score was significantly related to test score (8 =0.015, SE = 0.007, p = .045); no other session
factors or child factors were related to learning (all ps > .18). Individual differences in children’s cog-
nitive maturity were related to learning; more advanced children performed better at test. In addition,
we did not see evidence that the assistance the experimenter provided to children during active
instruction was related to children’s active test scores (exploratory analysis controlling for Bayley:
B =-0.003, SE = 0.007, p = .671). The main preregistered analysis examined whether children learned
differently from active or observed instruction beyond variations in children’s cognitive maturity. A
model was run with test scores as the outcome, predicted by instruction experience (active or
observed), test type (taught or generalization), and the interaction between instruction experience
and test type, controlling for Bayley. Surprisingly, the main effects and interaction did not reach sig-
nificance (all s <.060, all ps > .156; intercept: = —.634, p =.028) (Fig. 4A); children learned similarly
from active and observed instructions and performed similarly on taught and generalization items.
Only Bayley scores were significantly related to learning (g = 0.019, SE = 0.005, p < .001).

We exploratorily tested whether learning from active and observed instructions differed by perfor-
mance on the Bayley. A model with test score predicted by instruction experience (active or observed),
Bayley score, and their interaction revealed a marginal interaction between instruction experience and
Bayley score (8 = 0.009, SE = 0.005, p = .083) (Fig. 4B) such that toddlers with higher Bayley scores
learned marginally more from observed instruction than from active instruction. In sum, children’s
cognitive maturity, not the opportunity to act during instruction, supported children’s immediate
action learning and generalization.

Memory test

As preregistered, control analyses were run to test whether memory scores differed by session fac-
tors or child factors. Age during the lab visit, the time difference between the lab visit and the memory
task, and gender were tested as predictors of memory score; no predictors reached significance (all
ps > .219). Toy type (cat, dog, snowman, or scarecrow) also was not significantly related to memory
(all ps > .316), and a chi-square test did not show a significant difference in the distribution of toys
previously taught in the active or observed condition, y?(3) = 1.539, p = .673. Therefore, analyses were
collapsed across session and child factors. Within this subsample, the main preregistered analysis
showed similar results as that of the full sample; only Bayley score predicted children’s test scores
(B =0.023, SE = 0.008, p = .007); instruction experience, test type, and their interaction did not reach
significance (other Bs < .085, other ps > .131).

To test whether children’s long-term visual recognition memory for toys differed by the way the
associated actions had been originally instructed, a preregistered model was run with memory score
per toy as the outcome predicted by instruction experience (active or observed), test type (taught or
generalization), and their interaction, controlling for Bayley score (measured during the lab visit).
Children demonstrated significantly better memory for items learned through active instruction than
through observed instruction (instruction experience: = 1.654, SE = 0.695, p = .017; exponentiated
coefficients: odds ratio of remembering a toy taught in active instruction vs. observed
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Fig. 4. Test scores from active and observed instructions. (A) Box plot showing average test scores from active and observed
instructions separated by taught and generalization test types. (B) Scatterplot showing relation between Bayley score and test
scores separated by active and observed instruction. Shaded areas represent 95% confidence intervals.

instruction = 5.23) (Fig. 5). Test type, the interaction between instruction experience and test type, and
Bayley score were not significantly related to memory (all ps > .131; intercept: p = —4.056, p = .256).
Therefore, children showed better memory for actively learned toys than for observationally learned
toys. Children’s cognitive maturity previously supported their immediate learning; in contrast, chil-
dren’s maturity was not related to their memory. Instead, the ability to be active during instruction
supported children’s memory.

Discussion

Although young children learn effectively through viewing demonstrations (Bauer, 1996), active
experience has been argued to be central for learning (Piaget, 1964). We found that active experience
was crucial for memory: Children’s long-term memory was enhanced for material the children had
learned through active instruction compared with observational instruction. Surprisingly, children
learned and generalized actions similarly from instructions that did and did not offer opportunities
to act. Still, children showed enhanced long-term memory for the toys that they had learned actively
rather than observationally. This was found even though children had initially been taught in both
conditions with tightly matched instructions. Instruction that included opportunities for children to
act benefitted children’s memory after a considerable delay of 1 year.

In addition, the results suggest that children’s developmental level plays a substantial role in learn-
ing. An independent measure of children’s cognitive maturity, the Cognitive subscale of the Bayley,
was the most influential predictor of children’s immediate action learning and generalization. Chil-
dren with greater cognitive maturity demonstrated better learning regardless of instruction condition.
However, children’s maturity was unrelated to their long-term memory. Instead, children’s develop-
mental level supported their ability to learn from instruction, whereas active experience played a crit-
ical role in supporting children’s memory.

In particular, active experience supported children’s visual recognition memory. During instruction,
children were taught two types of information: (a) target actions, which were performed to assemble
(b) final toy structures. The immediate learning and generalization test examined children’s learning
of actions, whereas the delayed memory test measured children’s visual recall of the structures. As
such, children engaged in cross-modal object recognition during the memory task; children learned
to perform actions on three-dimensional objects but were asked to recall the objects they had con-
structed when represented by two-dimensional images. Prior research with adults suggests that active
experience may specifically support visual recognition memory. When sensorimotor information and
coordinated muscle movements (Pouw et al., 2014) contribute to information encoding, visual repre-
sentations are activated (Johnson et al., 1989). Physically exploring objects improved adults’ object
recall after 3 weeks (Novak & Schwan, 2021), specifically when learners were tested in a visual recog-
nition test (Hutmacher & Kuhbandner, 2018). Still, if we had been able to test children’s immediate
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Fig. 5. Memory for active and observed toys. Bar graph of memory score for active and observed toys is shown. There was no
effect of taught or generalization item on memory score; the graph collapses across taught and generalization items. Chance is
.5. Error bars indicate +1 standard error. *p < .05.

learning of items and long-term memory for actions, it is possible that active experience could have
also supported item learning and action memory.

It is possible that physical activity during instruction supported children’s long-term visual recog-
nition memory by enhancing encoding. Active experience involves the integration of sensorimotor
(i.e., visual and manual) and proprioceptive cues about body positions in space (Knoblich & Sebanz,
2006), which contribute to rich multimodal representations of information (Rochat, 1989). Encoding
multiple cues during learning could provide stronger episodic representations of performed actions
compared with observed actions, which would be more likely to be stored in and retrieved from mem-
ory than information learned without sensorimotor integration (Hutmacher & Kuhbandner 2018;
Markant et al., 2016). In addition, acting involves planning and executing motor commands (Barrett
et al., 2008), which could have similarly deepened mental representations of learned information
(Trewartha et al., 2015). The “motor-induced encoding effect” suggests that the degree to which motor
information is processed, including preparing to act and executing actions, improves information
encoding (Kinder & Buss, 2021).

In addition, physical activity could have guided children’s attention to relevant information, focus-
ing their attention on the actions they performed (Boudreau & Bushnell, 2000), similarly enhancing
encoding. Although children were visually attentive to both active and observed instructions, during
active instruction children could have targeted their attention toward the specific toy pieces they were
manipulating and the actions they were performing. Focused attention supports learning (e.g., label
learning; Pereira et al., 2009) and both short- and long-term memory (Amso & Scerif, 2015). Therefore,
physical activity may have targeted children’s attention toward self-performed actions, supporting
their encoding of taught information (Markant et al., 2016).

Specifically, physical activity during instruction could have contributed to the memory difference
between actively and observationally taught toys. Although active instruction took longer than obser-
vational instruction and included experimenter scaffolding, neither the assistance provided nor the
time spent in active instruction was related to children’s learning. Physical activity alone also cannot
explain these findings. Children had the same amount of physical contact with the active generaliza-
tion item and both observational items during the test phase, although they showed better memory
for the generalization item paired with the actively taught toy compared with the observationally
taught toy.

Interestingly, children’s long-term visual recognition memory was enhanced for both the active
taught and generalization items compared with the observational taught and generalization items.
Even though children were not taught to perform actions on the active generalization item and only
experienced that toy during the test phase, children’s memory for the active generalization toys did
not differ from their memory for the active taught toy. This may have occurred because children’s
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enhanced physical engagement with the active taught toy transferred to their subsequent engagement
with the matched active generalization toy during the test phase. This seems likely given toddlers’
limited representational flexibility (Herbert & Hayne, 2000). It is possible that the memory advantage
was due to this experience at test, which occurred post-encoding; assembling the active generaliza-
tion items at test could have allowed children to store richer representations of the highly similar
active toys, which in turn improved their long-term memory for the toy they had constructed actively
during instruction as well as the matched generalization toy. If more dissimilar taught and generaliza-
tion items had been used, children might not have transferred what they had learned as readily to the
generalization toy.

It is possible that this physical activity during instruction, which may have transferred to the highly
similar generalization item experienced post-encoding, supported children’s long-term visual recogni-
tion memory. However, it is also possible that memory was enhanced after the test phase, perhaps
facilitated by sleep (e.g., Seehagen et al., 2019; Stickgold & Walker, 2013), by integrating the newly
encoded memories. From this study alone, we cannot know exactly how the memory benefit occurred,
although we theorize that it was in part due to greater physical activity during instruction.

Unexpectedly, children did not differ in their immediate learning from active and observational
instructions despite the wealth of research on the benefits of active experience for learning (e.g.,
Piaget, 1964) and generalization (Hmelo-Silver et al., 2007). This may have occurred because both con-
ditions were highly supportive of learning. In this within-participants design, children experienced
active and observational instruction on separate toys (with the instruction order counterbalanced).
The teaching conditions varied only by whether the child or the experimenter performed the actions
to be learned. The instructions were efficient and contained all the information children needed to
learn the target actions. Although there was variability in children’s action learning, this was due to
children’s cognitive maturity rather than the instruction style in which the actions were taught. The
instructions were also presented in a highly collaborative context, which may have caused children
to take an active stance when learning (Knoblich & Sebanz, 2006) even when children were not acting.
Indeed, in collaborative environments, children may become confused about who performed actions
and may overclaim another person’s actions as their own (Sommerville & Hammond, 2007). It is also
possible that children learned and generalized the taught actions more effectively from active instruc-
tion than from observed instruction, but the immediate learning test did not capture these differences.
A more challenging task may have revealed underlying learning and generalization differences
between conditions.

It is possible that effects of active experience on immediate learning could have been seen if chil-
dren had been more active during instruction. In the active condition, the experimenter explained
where each piece should be placed, handed children the piece, and guided children to perform each
action correctly. Thus, children were physically active, but their actions were constrained by the
experimenter. Research with older children and adults has shown that when learners can make deci-
sions during active learning, such as by controlling the flow of information (Gureckis & Markant,
2012), making discoveries (Dean & Kuhn, 2007), and encountering failure (DeCaro & Rittle-Johnson,
2012), learning is enhanced. Here, we manipulated only physical activity to ensure that children
had equal access to the actions to be learned, providing a direct comparison of instruction contexts.
Young children may learn more effectively when active experience includes opportunities to make
decisions.

Importantly, when toddlers were active during learning, they were active in the context of instruc-
tion. A teacher guided children to the correct actions by providing prompts, corrections, and demon-
strations when children struggled. With the teacher’s guidance, nearly all children performed the
taught actions with perfect accuracy. Children could not have learned through completely unguided
activity because they would not have known which actions were the target actions to be learned.
Indeed, children of the same age who learned to assemble similar toys from caregiver instruction in
Brezack et al. (2021) were also tested on control toys for which no instruction had been provided.
Without guidance, children rarely assembled the control toys correctly (Brezack et al., 2021). There-
fore, instruction was necessary for action learning. Although all the relevant action information to
be learned could be gained from observing the teacher’s actions, in a situation where instruction
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was necessary for learning, guided active experience supported children’s long-term visual recogni-
tion memory.

Here, we used novel toys to induce familiar, playful learning environments, but active experience
may also be important for children’s memory when learning actions on real-world artifacts such as
utensils and tools. When caregivers or teachers teach children to use artifacts in everyday contexts,
providing children with opportunities to actively engage during learning could similarly benefit their
memory. Alternatively, in real-world contexts, children’s active experience may be discouraged to
avoid costly mistakes (Gaskins & Paradise, 2010). Future studies should address whether active expe-
rience during instruction benefits children’s memory across more diverse contexts and cultures. In
addition, due to the COVID-19 global pandemic, the methods used in the memory follow-up measure
were limited and this measure had a relatively small sample size. We also could not re-assess chil-
dren’s cognitive maturity during the follow-up. These limitations could be addressed in future work.

In sum, when children were instructed to perform novel actions by acting rather than observing
actions, they had better long-term visual recognition memory for the taught material. Children’s cog-
nitive maturity, not the instruction condition, affected their immediate action learning and generaliza-
tion; children who were more developmentally advanced learned and generalized regardless of
whether they had been active during the learning process. Despite the role that children’s cognitive
development plays in learning, physically active experience during instruction benefitted children’s
long-term visual recognition memory. This may be due to features of physical activity (enacting motor
commands, sensorimotor integration, and focused attention), which may have improved encoding,
storage, or retrieval of taught information from memory. Instructions featuring opportunities for chil-
dren to act seem particularly important for supporting children’s long-term memory.

Data availability

Data will be made available on request.

Acknowledgments

The research reported here was supported by the Institute of Education Sciences, U.S. Department
of Education, through Grant R305B140048 at the University of Chicago. The opinions expressed are
those of the authors and do not represent the views of the institute or the Department of Education.
A version of this work was included in the doctoral dissertation of the corresponding author (https://
www.proquest.com/openview/c235d657c94814e60d75764a58de5a34/1?pq-origsite=gscholar&cbl=
18750&diss=y). Videos and coding manuals can be found online in the Databrary video repository
(https://nyu.databrary.org/volume/1328).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.jecp.2023.
105670.

References

Alfieri, L., Brooks, P. J., Aldrich, N. J., & Tenenbaum, H. R. (2011). Does discovery-based instruction enhance learning? Journal of
Educational Psychology, 103(1), 1-18. https://doi.org/10.1037/a0021017.

Amso, D., & Scerif, G. (2015). The attentive brain: Insights from developmental cognitive neuroscience. Nature Reviews
Neuroscience, 16(10), 606-619. https://doi.org/10.1038/nrn4025.

Bandura, A. (1977). Social learning theory. General Learning Press.

Barr, R., Dowden, A., & Hayne, H. (1996). Developmental changes in deferred imitation by 6-to 24-month-old infants. Infant
Behavior and Development, 19(2), 159-170. https://doi.org/10.1016/S0163-6383(96)90015-6.

Barrett, T. M., Traupman, E., & Needham, A. (2008). Infants’ visual anticipation of object structure in grasp planning. Infant
Behavior and Development, 31(1), 1-9. https://doi.org/10.1016/j.infbeh.2007.05.004.

Bates, D., Mdchler, M., Bolker, B., & Walker, S. (2015). Fitting linear mixed-effects models using Ime4. Journal of Statistical
Software, 67(1), 1-48. https://doi.org/10.18637/jss.v067.i01.

16


https://www.proquest.com/openview/c235d657c94814e60d75764a58de5a34/1?pq-origsite=gscholar&amp;cbl=18750&amp;diss=y
https://www.proquest.com/openview/c235d657c94814e60d75764a58de5a34/1?pq-origsite=gscholar&amp;cbl=18750&amp;diss=y
https://www.proquest.com/openview/c235d657c94814e60d75764a58de5a34/1?pq-origsite=gscholar&amp;cbl=18750&amp;diss=y
https://nyu.databrary.org/volume/1328
https://doi.org/10.1016/j.jecp.2023.105670
https://doi.org/10.1016/j.jecp.2023.105670
https://doi.org/10.1037/a0021017
https://doi.org/10.1038/nrn4025
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0020
https://doi.org/10.1016/S0163-6383(96)90015-6
https://doi.org/10.1016/j.infbeh.2007.05.004
https://doi.org/10.18637/jss.v067.i01

N. Brezack, S. Pan, J. Chandler et al. Journal of Experimental Child Psychology 232 (2023) 105670

Bauer, P. J. (1996). What do infants recall of their lives? Memory for specific events by one- to two-year-olds. American
Psychologist, 51(1), 29-41. https://doi.org/10.1037/0003-066X.51.1.29.

Bauer, P. J., Hertsgaard, L. A,, & Dow, G. A. (1994). After 8 months have passed: Long-term recall of events by 1- to 2-year-old
children. Memory, 2(4), 353-382. https://doi.org/10.1080/09658219408258955.

Bayley, N. (2006). Bayley Scales of Infant and Toddler Development-Third Edition. Harcourt Assessment.

Boudreau, J. P., & Bushnell, E. W. (2000). Spilling thoughts: Configuring attentional resources in infants’ goal-directed actions.
Infant Behavior and Development, 23(3-4), 543-566. https://doi.org/10.1016/S0163-6383(01)00059-5.

Brezack, N., Radovanovic, M., & Woodward, A. (2021). Everyday interactions support toddlers’ learning of conventional actions
on artifacts. Journal of Experimental Child Psychology, 210. https://doi.org/10.1016/j.jecp.2021.105201 105201.

Bruner, J. S. (1966). Toward a theory of instruction. Harvard University Press.

Callanan, M. A, Legare, C. H,, Sobel, D. M., Jaeger, G. ]J., Letourneau, S., McHugh, S. R,, ... Watson, ]. (2020). Exploration,
explanation, and parent-child interaction in museums. Monographs of the Society for Research in Child Development, 85(1),
7-137. https://doi.org/10.1111/mono.12412.

Cohen, R. L. (1989). Memory for action events: The power of enactment. Educational Psychology Review, 1(1), 57-80. https://doi.
org/10.1007/BF01326550.

Csibra, G., & Gergely, G. (2009). Natural pedagogy. Trends in Cognitive Sciences, 13(4), 148-153. https://doi.org/10.1016/j.
tics.2009.01.005.

Dean, D., & Kuhn, D. (2007). Direct instruction vs. discovery: The long view. Science Education, 91(3), 384-397. https://doi.org/
10.1002/sce.20194.

DeCaro, M. S., & Rittle-Johnson, B. (2012). Exploring mathematics problems prepares children to learn from instruction. Journal
of Experimental Child Psychology, 113(3), 552-568. https://doi.org/10.1016/j.jecp.2012.06.009.

Fenson, L., Pethick, S., Renda, C., Cox, ]. L, Dale, P. S., & Reznick, J. S. (2000). Short-form versions of the MacArthur
Communicative Development Inventories. Applied Psycholinguistics, 21(1), 95-115. https://doi.org/10.1017/
S0142716400001053.

Fiorella, L., & Mayer, R. E. (2016). Eight ways to promote generative learning. Educational Psychology Review, 28(4), 717-741.
https://doi.org/10.1007/s10648-015-9348-9.

Gaskins, S., & Paradise, R. (2010). Learning through observation in daily life. In D. F. Lancy, ]. Bock, & S. Gaskins (Eds.), The
anthropology of learning in childhood (pp. 85-117). Rowman & Littlefield.

Gerson, S. A., & Woodward, A. L. (2014). Learning from their own actions: The unique effect of producing actions on infants’
action understanding. Child Development, 85(1), 264-277. https://doi.org/10.1111/cdev.12115.

Gureckis, T. M., & Markant, D. B. (2012). Self-directed learning: A cognitive and computational perspective. Perspectives on
Psychological Science, 7(5), 464-481. https://doi.org/10.1177/1745691612454304.

Hayne, H., Barr, R, & Herbert, J. (2003). The effect of prior practice on memory reactivation and generalization. Child
Development, 74(6), 1615-1627. https://doi.org/10.1046/j.1467-8624.2003.00627..x.

Herbert, ., & Hayne, H. (2000). Memory retrieval by 18-30-month-olds: Age-related changes in representational flexibility.
Developmental Psychology, 36(4), 473-484. https://doi.org/10.1037/0012-1649.36.4.473.

Hmelo-Silver, C. E., Duncan, R. G., & Chinn, C. A. (2007). Scaffolding and achievement in problem-based and inquiry learning: A
response to Kirschner, Sweller, and Clark (2006). Educational Psychologist, 42(2), 99-107. https://doi.org/10.1080/
00461520701263368.

Hutmacher, F., & Kuhbandner, C. (2018). Long-term memory for haptically explored objects: Fidelity, durability, incidental
encoding, and cross-modal transfer. Psychological Science, 29(12), 2031-2038. https://doi.org/10.1177/0956797618803644.

Johnson, C. ]., Paivio, A. U., & Clark, ]. M. (1989). Spatial and verbal abilities in children’s crossmodal recognition: A dual coding
approach. Canadian Journal of Psychology/Revue canadienne de psychologie, 43(3), 397-412. https://doi.org/10.1037/
h0084229.

Keen, R. (2011). The development of problem solving in young children: A critical cognitive skill. Annual Review of Psychology,
62, 1-21. https://doi.org/10.1146/annurev.psych.031809.130730.

Kinder, K. T., & Buss, A. T. (2021). The effect of motor engagement on memory: Testing a motor-induced encoding account.
Memory & Cognition, 49(3), 586-599. https://doi.org/10.3758/s13421-020-01113-6.

Knoblich, G., & Sebanz, N. (2006). The social nature of perception and action. Current Directions in Psychological Science, 15(3),
99-104. https://doi.org/10.1111/j.0963-7214.2006.00415.x.

Lie, E., & Newcombe, N. S. (1999). Elementary school children’s explicit and implicit memory for faces of preschool classmates.
Developmental Psychology, 35(1), 102-112. https://doi.org/10.1037/0012-1649.35.1.102.

Lillard, A. S. (2016). Montessori: The science behind the genius. Oxford University Press.

Mangold, P. (1998). Interact [computer software]. Mangold International.

Markant, D. B., Ruggeri, A., Gureckis, T. M., & Xu, F. (2016). Enhanced memory as a common effect of active learning. Mind, Brain,
and Education, 10(3), 142-152. https://doi.org/10.1111/mbe.12117.

McDonough, L., & Mandler, J. M. (1994). Very long-term recall in infants: Infantile amnesia reconsidered. Memory, 2(4),
339-352. https://doi.org/10.1080/09658219408258954.

Meltzoff, A. N. (1985). Immediate and deferred imitation in fourteen- and twenty-four-month-old infants. Child Development, 56
(1), 62-72. https://doi.org/10.2307/1130174.

Meltzoff, A. N. (1988). Infant imitation and memory: Nine-month-olds in immediate and deferred tests. Child Development, 59
(1), 217-225. https://doi.org/10.1111/j.1467-8624.1988.tb03210.x.

Meltzoff, A. N. (1990). Foundations for developing a concept of self: The role of imitation in relating self to other and the value of
social mirroring, social modeling, and self practice in infancy. In D. Cicchetti & M. Beeghly (Eds.), The self in transition: Infancy
to childhood (pp. 139-164). University of Chicago Press.

Meltzoff, A. N., & Moore, M. K. (1998). Object representation, identity, and the paradox of early permanence: Steps toward a new
framework. Infant Behavior and Development, 21(2), 201-235. https://doi.org/10.1016/S0163-6383(98)90003-0.

Minogue, J., & Jones, M. G. (2006). Haptics in education: Exploring an untapped sensory modality. Review of Educational Research,
76(3), 317-348. https://doi.org/10.3102/00346543076003317.

17


https://doi.org/10.1037/0003-066X.51.1.29
https://doi.org/10.1080/09658219408258955
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0050
https://doi.org/10.1016/S0163-6383(01)00059-5
https://doi.org/10.1016/j.jecp.2021.105201
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0070
https://doi.org/10.1111/mono.12412
https://doi.org/10.1007/BF01326550
https://doi.org/10.1007/BF01326550
https://doi.org/10.1016/j.tics.2009.01.005
https://doi.org/10.1016/j.tics.2009.01.005
https://doi.org/10.1002/sce.20194
https://doi.org/10.1002/sce.20194
https://doi.org/10.1016/j.jecp.2012.06.009
https://doi.org/10.1017/S0142716400001053
https://doi.org/10.1017/S0142716400001053
https://doi.org/10.1007/s10648-015-9348-9
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0115
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0115
https://doi.org/10.1111/cdev.12115
https://doi.org/10.1177/1745691612454304
https://doi.org/10.1046/j.1467-8624.2003.00627.x
https://doi.org/10.1037/0012-1649.36.4.473
https://doi.org/10.1080/00461520701263368
https://doi.org/10.1080/00461520701263368
https://doi.org/10.1177/0956797618803644
https://doi.org/10.1037/h0084229
https://doi.org/10.1037/h0084229
https://doi.org/10.1146/annurev.psych.031809.130730
https://doi.org/10.3758/s13421-020-01113-6
https://doi.org/10.1111/j.0963-7214.2006.00415.x
https://doi.org/10.1037/0012-1649.35.1.102
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0175
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0180
https://doi.org/10.1111/mbe.12117
https://doi.org/10.1080/09658219408258954
https://doi.org/10.2307/1130174
https://doi.org/10.1111/j.1467-8624.1988.tb03210.x
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0205
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0205
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0205
https://doi.org/10.1016/S0163-6383(98)90003-0
https://doi.org/10.3102/00346543076003317

N. Brezack, S. Pan, ]. Chandler et al. Journal of Experimental Child Psychology 232 (2023) 105670

Needham, A., Barrett, T., & Peterman, K. (2002). A pick-me-up for infants’ exploratory skills: Early simulated experiences
reaching for objects using “sticky mittens” enhances young infants’ object exploration skills. Infant Behavior and
Development, 25(3), 279-295. https://doi.org/10.1016/S0163-6383(02)00097-8.

Novak, M., & Schwan, S. (2021). Does touching real objects affect learning? Educational Psychology Review, 33(2), 637-665.
https://doi.org/10.1007/s10648-020-09551-z.

Pereira, A. F., Shen, H., Smith, L. B., & Yu, C. (2009). A first-person perspective on a parent-child social interaction during object
play. Proceedings of the Annual Meeting of the Cognitive Science Society. Cognitive Science Society.

Piaget, J. (1964). Piaget rediscovered: A report on the Conference on Cognitive Studies and Curriculum Development. In R. E.
Ripple & V. N. Rockcastle (Eds.), A report of the Jean Piaget Conferences at Cornell University and the University of California
(pp. 7-20). Cornell University Press.

Pouw, W. T. ]. L, Van Gog, T., & Paas, F. (2014). An embedded and embodied cognition review of instructional manipulatives.
Educational Psychology Review, 26(1), 51-72. https://doi.org/10.1007/s10648-014-9255-5.

Rochat, P. (1989). Object manipulation and exploration in 2- to 5-month-old infants. Developmental Psychology, 25(6), 871-884.
https://doi.org/10.1037/0012-1649.25.6.871.

Rogoff, B. (1990). Apprenticeship in thinking: Cognitive development in social context. Oxford University Press.

Schulz, L., Kushnir, T., & Gopnik, A. (2007). Learning from doing: Intervention and causal inference. In A. Gopnik & L. Schulz
(Eds.), Causal learning: Psychology, philosophy, and computation (pp. 67-85). Oxford University Press. https://doi.org/
10.1093/acprof:0s0/9780195176803.003.0006.

Seehagen, S., Zmyj, N., & Herbert, J. S. (2019). Remembering in the context of internal states: The role of sleep for infant memory.
Child Development Perspectives, 13(2), 110-115. https://doi.org/10.1111/cdep.12321.

Shneidman, L., & Woodward, A. L. (2015). Are child-directed interactions the cradle of social learning? Psychological Bulletin, 142
(1), 1-17. https://doi.org/10.1037/bul0000023.

Sobel, D. M., & Sommerville, J. A. (2010). The importance of discovery in children’s causal learning from interventions. Frontiers
in Psychology, 1. https://doi.org/10.3389/fpsyg.2010.00176 176.

Sommerville, J. A., & Hammond, A. . (2007). Treating another’s actions as one’s own: Children’s memory of and learning from
joint activity. Developmental Psychology, 43(4), 1003-1018. https://doi.org/10.1037/0012-1649.43.4.1003.

Sommerville, J. A, Woodward, A. L., & Needham, A. (2005). Action experience alters 3-month-old infants’ perception of others’
actions. Cognition, 96(1), B1-B11. https://doi.org/10.1016/j.cognition.2004.07.004.

Somogyi, E., Ara, C, Gianni, E., Rat-Fischer, L., Fattori, P., O'Regan, ]J. K., & Fagard, ]. (2015). The roles of observation and
manipulation in learning to use a tool. Cognitive Development, 35, 186-200. https://doi.org/10.1016/j.cogdev.2015.06.002.

Soska, K. C., Adolph, K. E., & Johnson, S. P. (2010). Systems in development: Motor skill acquisition facilitates three-dimensional
object completion. Developmental Psychology, 46(1), 129-138. https://doi.org/10.1037/a0014618.

Stickgold, R., & Walker, M. P. (2013). Sleep-dependent memory triage: Evolving generalization through selective processing.
Nature Neuroscience, 16(2), 139-145. https://doi.org/10.1038/nn.3303.

Tomasello, M. (1999). The cultural origins of human cognition. Harvard University Press.

Tomasello, M. (2001). Cultural transmission: A view from chimpanzees and human infants. Journal of Cross-Cultural Psychology,
32(2), 135-146. https://doi.org/10.1177/0022022101032002002.

Trewartha, K. M., Case, S., & Flanagan, J. R. (2015). Integrating actions into object location memory: A benefit for active versus
passive reaching movements. Behavioural Brain Research, 279, 234-239. https://doi.org/10.1016/j.bbr.2014.11.043.

Wilson, M. (2002). Six views of embodied cognition. Psychonomic Bulletin & Review, 9(4), 625-636. https://doi.org/10.3758/
BF03196322.

18


https://doi.org/10.1016/S0163-6383(02)00097-8
https://doi.org/10.1007/s10648-020-09551-z
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0230
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0230
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0235
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0235
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0235
https://doi.org/10.1007/s10648-014-9255-5
https://doi.org/10.1037/0012-1649.25.6.871
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0250
https://doi.org/10.1093/acprof:Oso/9780195176803.003.0006
https://doi.org/10.1093/acprof:Oso/9780195176803.003.0006
https://doi.org/10.1111/cdep.12321
https://doi.org/10.1037/bul0000023
https://doi.org/10.3389/fpsyg.2010.00176
https://doi.org/10.1037/0012-1649.43.4.1003
https://doi.org/10.1016/j.cognition.2004.07.004
https://doi.org/10.1016/j.cogdev.2015.06.002
https://doi.org/10.1037/a0014618
https://doi.org/10.1038/nn.3303
http://refhub.elsevier.com/S0022-0965(23)00046-2/h0300
https://doi.org/10.1177/0022022101032002002
https://doi.org/10.1016/j.bbr.2014.11.043
https://doi.org/10.3758/BF03196322
https://doi.org/10.3758/BF03196322

	Toddlers’ action learning and memory from active and observed instructions
	Introduction
	Method
	Participants
	Procedure
	Materials
	Caregiver teaching
	Experimenter teaching
	Test
	Cognitive maturity assessment
	Memory task

	Coding
	Action learning: Test
	Cognitive maturity assessment: Bayley
	Engagement during experimenter teaching: Active and observed
	Session and Child Factors
	Memory task
	Reliability coding

	Analysis
	Inclusion criteria
	Analysis strategy


	Results
	Action learning from active and observed instructions
	Memory test

	Discussion
	Acknowledgments
	Appendix A Supplementary data
	References


