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This study investigated the flexibility of 2-year-old infants’ retrie-
val and reenactment processes. In a delayed imitation paradigm,
children were exposed to a constraint change (implemented by
the distance of a target object) affecting the relevance of using a
tool to obtain a goal (reach the object). In Experiment 1, during
demonstration in the first session the tool was either relevant or
irrelevant for reaching the goal, and 1 week later it either lost or
gained its relevance, respectively. We found that when the tool
became unnecessary (relevant to irrelevant change), children used
it somewhat less than before and used it less compared with when
the tool’s relevance remained the same (relevant to relevant, no
change). When the tool became necessary after a constraint change
(irrelevant to relevant change), children used the tool more than
before, but not as much as in the Relevant–Relevant control condi-
tion. In Experiment 2, the timing of the constraint change (imme-
diate or delayed) was varied in a modified version of the
Irrelevant–Relevant condition, where practice before the con-
straint change was omitted. Children were not significantly more
flexible in the immediate condition than in the delayed condition,
and comparisons with Experiment 1 showed that performance did
not change if we omitted the practice before the change. These
results indicate that although 2-year-olds show considerable mne-
monic performance, they face difficulties in adapting to constraint
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changes. We propose that this inflexibility may stem from infants’
inability to revise their evaluations formed in previous events due
to their immature episodic memory capacities.

� 2020 The Author(s). Published by Elsevier Inc. This is an open
access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
Introduction

Humans encode others’ actions in light of their respective goals (Csibra & Gergely, 2007). Already
around 1 year of age, infants make sense of events as being goal directed given that they are sensitive
to which actions are optimal to reach a certain goal (Gergely & Csibra, 2003; Gergely, Nádasdy, Csibra,
& Bíró, 1995; Woodward, 1998). From as early as the second year of life, such goal-based efficiency
evaluation (called the teleological stance) not only manifests in infants’ action interpretation but also
influences the way infants select their own actions after observing a model’s presentation. After
watching a demonstration, infants are able to identify the most optimal means for goal attainment
given the potential constraints. In goal emulation, they apply these optimal means to reach the pre-
viously observed goal given their own motor repertoire (Gergely, Bekkering, & Király, 2002; Király
& Oláh, 2018). This teleological reasoning also guides infants in the case of more complex action
sequences when they omit steps that are unnecessary to reach the goal and therefore are irrelevant
to reenact (Bauer & Mandler, 1989). Together, these findings show flexibility in infants’ reenactment
of observed actions based on the optimality and the relevance of certain action elements. However,
the optimal means to achieve a goal heavily depend on the situational constraints in which the overall
goal and the action are embedded (Gergely & Csibra, 2003). Such situational constraints often change
over time, and the reaction of individuals to a novel situation not only will depend on their ability to
identify goal-relevant actions but also will interact with individuals’ memory processes. Thus, study-
ing how infants deal with such potential changes in the situational constraints will need to address the
memory processes involved in retrieving and potentially reevaluating previous episodes.

One of the first studies to address the impact of long-term delay on reenactment studied whether
children retrieve relevant and irrelevant actions differently after a delay of several days (Simpson &
Riggs, 2011). In Simpson and Riggs’s (2011) task, 3- and 4-year-olds showed a tendency to imitate
all action steps after a short delay but were more goal directed and selective after a longer delay; after
1 week had passed, they performed mainly those actions that were relevant to the outcome. In a sim-
ilar vein, in applying a diffusion chain paradigm, Flynn (2008) investigated how a sequence containing
both irrelevant and relevant actions was maintained in a transmission chain at 2 and 3 years of age.
Findings showed that, independent of age, children at the third and subsequent positions imitated the
irrelevant actions less than children in the first position. Based on these findings, it seems plausible
that in reenactment actions relevant to attaining a goal are more likely to be maintained, whereas
irrelevant actions are omitted with time. Although these studies provide evidence that young children
filter out the irrelevant action elements of events in the long term, and thus show higher selectivity for
information stored for later recall, in these tasks the context of behavior (i.e., the situational con-
straints) remained unchanged across time.

The effects of situational constraint change have been studied in immediate reenactment para-
digms. In the study of Williamson, Meltzoff, and Markman (2008) 3-year-old children first solved a
task on their own, after which a model displayed another solution that demanded more effort than
the children’s original means. Then the difficulty of the task either remained the same or increased,
and children were given another chance to solve the task. When the task remained easy, children con-
tinued to use their own simpler solution and ignored the model’s effortful demonstration. However,
when the task became difficult, children retrieved and applied the model’s means in order to success-
fully reach their goal. In a follow-up study by Williamson and Meltzoff (2011), children were able to
apply a previously less efficient action that fit the modified situation better regardless of whether this
previous means originated from their own manipulation or they merely observed a model performing
2
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it. These results suggest that at 3 years of age children can consider the possible means based on effi-
cacy and use them flexibly in order to adapt their behavior to the modified requirements of the chan-
ged constraints (i.e., the difficulty of the task).

Together, these findings raise the question of whether young children are able to reevaluate the rel-
evance of an action step when facing a constraint change after a longer delay. To illustrate the impor-
tance of such reevaluations, one may imagine the following scenario. Sam enters a room in a hotel and
it is dark inside. First, Sam looks around and tries to find a light switch, a strategy that often proved
successful in the past. Unfortunately, Sam does not find any switches, only a sensor that does not
respond to contact. But then Sam remembers recently visiting a friend who, upon entering a room,
clapped his hands and the lights turned on. Sam tries clapping, and indeed the lights turn on. Adapting
to a changed context, like in the above example, requires a search for alternative actions that are
appropriate given the novel contextual constraints. When the means we have used before are not suit-
able, the retrieval of previous experiences in relation to similar goal attainments can serve as a source
of information. However, this requires recalling action elements from memory that may have been
evaluated as irrelevant or suboptimal in the original episode. Thus, to adapt to such contextual
changes, a previously irrelevant step needs to be recalled and reevaluated as relevant in the novel
context.

Against this background, the main question of the current experiments was whether young chil-
dren are able to reevaluate a previously irrelevant action and incorporate it into their behavior.
Because such a reevaluation requires the retrieval of an earlier experience, whether children are able
to do it arguably depends on the emergence of their episodic memory in service of flexible problem
solving. Previous findings place the earliest signs of adjustment in children’s behavior based on episo-
dic recollection at around 3 years of age. For example, 3- and 4-year-old children are able to identify
and select information as relevant based on their memory of a past experience and use it to make an
appropriate choice for an upcoming event (Atance & Sommerville, 2014; Scarf, Gross, Colombo, &
Hayne, 2013; Suddendorf, Nielsen, & Von Gehlen, 2011; Tulving, 2005). Whereas 4-year-olds perform
well after delays of both 30 min and 24 h, 3-year-olds only succeed on such episodic planning tasks
with a short delay (Scarf et al., 2013; Suddendorf, et al., 2011). However, the above studies targeted
episodic foresight, a capacity that involves the planning of future events based on the evaluation of
past events, which may be relatively taxing for children. In the context of social interactions, 3-
year-olds can retrieve details of a past event in order to update and revise their (current) inferences
regarding a person’s mental state that originated from that event and adjust their own behavior
accordingly (Király, Oláh, Csibra, & Kovács, 2018).

Based on these findings, it seems that it is not before 3 years of age that children can mobilize their
developing—and still fragile—episodic memory. However, some have argued that the ability to retrieve
event information based on a one-time exposure to an experience—referred to as event memory—is
already functional at the end of the second year of life (Bauer & Leventon, 2013), suggesting that an
important feature of episodic memory abilities starts to develop around this age. In the study of
Király et al. (2018), however, 18-month-old infants were unable to revise their inferences and acted
based on an already formed judgment, raising the possibility that merely recalling past events is
not sufficient for flexible reevaluations. Because the infants in Király et al.’s study were younger than
the age where reliable recall of one-time experienced events has been found, we intended to test the
age of 2 years, where such event memory has been argued to be in place (Bauer, 2006). If the ability to
recall a one-time experienced event is indeed sufficient for successful episodic memory-based revi-
sion, this age group should show flexible problem solving. In contrast, if in light of the above-
mentioned studies on episodic foresight one questions whether this capacity is sufficient for flexible
episodic memory retrieval, 2-year-olds should not be fully competent in reevaluating their strategies.

Whereas in the above examples previously irrelevant actions later gained relevance, changes in
constraints may also happen the other way around, whereby a formerly relevant act becomes irrele-
vant. Gergely and Csibra (2006) quoted an anecdote on Sylvia’s recipe for cooking ham as an example
of such challenges. In their story, Sylvia was a great cook and was proud of her special way of doing a
ham roast. She always began the preparation with a unique step, cutting a section off both ends of the
ham. One day she started to prepare the special ham when her mother happened to be visiting. As her
mother watched her remove the end sections, she exclaimed, ‘‘Why are you doing that?” Sylvia said,
3
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‘‘Because that’s the way you always began with a ham.” Her mother replied, ‘‘But that is because I did
not have a wide enough pan!” Sylvia used the unique step of cutting off the edges because she fol-
lowed with fidelity what she had learned as an element of family culture. But would Sylvia skip this
step the next time after her revelation? Although in the anecdote Sylvia never categorized the critical
step as relevant, it has always been part of the action sequence of the recipe, and leaving it out would
require a revision of the sequence. In a similar vein, a related question is whether children, when con-
fronted with a novel situation in which a previously used action seems irrelevant, would omit the
unnecessary step or would continue to apply the formerly useful solution even if it demands more
effort in the new context. In such a case, reevaluation would not be essential because the earlier solu-
tion would still work, albeit less efficiently.

From this point of view, the current experiments also asked whether children continue to monitor
the efficacy of a retained action step across changing constraints. Such continuous monitoring of the
optimality of behavior would allow children to flexibly update their action repertoire and thus use
their own resources optimally. Imitation studies have shown that children around 4 years of age stick
to a previously learned solution (for a review, see Hoehl et al., 2019) even if this leads to losing in a
competitive situation (Lyons, Damrosch, Lin, Macris, & Keil, 2011). Although this phenomenon is
explained by a tendency to view the demonstrated behavior as a normative mode of goal attainment
(Kenward, 2012), it raises the question of whether children could update to the most optimal strategy
after a constraint change. In contrast to preschoolers who tend to be sensitive to normativity, children
at a younger age have been generally found to emulate (Gellén & Buttelmann, 2019), indicating greater
focus on efficiency and perhaps less on social expectations. As such, younger children may be more
selective with regard to omitting already reenacted action steps in novel contexts, although this might
still depend on the flexibility of their memory retrieval and reenactment.

In two experiments we examined whether 2-year-old children could adapt to a modified version of
a previously encountered context. Experiment 1 tested, in a combined immediate and delayed imita-
tion paradigm, whether 2-year-olds could change their relevance evaluation in order to adapt to a
modified context. Experiment 2 investigated the degree to which children could adapt to the con-
straint change if it happens immediately after demonstration versus after a longer delay. In addition,
we provided a control for the potential effect of self-performed action before constraint change.
Experiment 1

In Experiment 1, infants first received a demonstration of a tool use leading to a goal and then had a
chance to attain the goal themselves (Session 1). In the context of the demonstration and the imme-
diate reenactment, the tool use was either relevant (object was out of reach) or irrelevant (object was
within reach), depending on the condition. A week later infants were invited for a second session (Ses-
sion 2). This time, although the overall setting was matched to the first session, the efficacy of the tool
had changed (the irrelevant tool became relevant and vice versa), requiring a reevaluation of the pre-
vious experience. The main question was whether infants adjust flexibly to the changing situational
constraints. When the tool that was irrelevant the first time became relevant in the second session,
the recall of a previously irrelevant action was required—to start using the tool (Irrelevant–Relevant
condition). In the other condition, when the tool was relevant the first time and later became irrele-
vant, children could potentially omit the tool use and change to an easier goal-reaching strategy, that
is, reach the object by hand (Relevant–Irrelevant condition).

We assessed whether (a) tool use increases from Session 1 to Session 2 when the tool use becomes
relevant and tool use decreases when it becomes irrelevant and whether (b) the frequency of tool use
differs within each session (Session 1 and Session 2) across conditions between children who encoun-
ter a change to a relevant context versus an irrelevant context. Given 2-year-olds’ tendency to goal
emulate, we hypothesized that in the immediate test (Session 1) children would use the tool signifi-
cantly more in the relevant (object out-of-reach) context (Relevant–Irrelevant condition) compared
with when it is irrelevant (Irrelevant–Relevant condition). Critically, on the delayed test, we investi-
gated whether infants, by virtue of their developing memory abilities, manage to adapt to the new sit-
uation or fail to flexibly adjust to the situational demands and tend to stick to their original strategy.
4
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In addition, two baseline conditions were added to measure whether children, without demonstra-
tion of the tool use, would use the tool in a relevant or irrelevant context (Relevant or Irrelevant Base-
line condition, respectively). Finally, in a control condition, we also examined children’s tool use in a
situation where context did not change between the two sessions (Relevant–Relevant condition).

Method

Participants
Participants were 78 infants recruited through advertisements in a large city. Their ages ranged

from 19 to 27 months, with a mean of 24 months (SD = 1.59). An additional 42 infants were tested
but later excluded from the analyses due to passivity (n = 16), fussiness (n = 11), experimenter error
(n = 3), or participation in only one of the two tests in conditions entailing two test occasions (n = 12).
In the final sample, 18 infants (7 male) were in the Irrelevant–Relevant condition, 18 infants (9 male)
were in the Relevant–Irrelevant condition, 18 infants (12 male) were in the Relevant–Relevant condi-
tion), 12 infants (7 male) were in the Relevant Baseline condition, and 12 infants (8 male) were in the
Irrelevant Baseline condition.

The studies were carried out with the approval of the research ethics committee of the university.
Participants’ caregivers gave written informed consent prior to participation.

Materials
The object set included three toys and a wooden spoon (see Fig. 1 and Fig. 1 in the online supple-

mentary material). Each toy consisted of two detachable parts, neither of which could fulfill the toy’s
function alone. The first object was a plastic propeller with a green head part (20 cm long) that could
be detached from an orange stick (19 cm long). After joining the parts, the propeller could be whirled.
The second object was an orange polystyrene ball (4.5 cm diameter) cut into half, with magnets hid-
den in both halves that stuck together if they were close enough. Once attached, the ball could be
thrown by one hand and caught by the other hand like a regular ball. The third object was a bicycle
horn (16 cm long) that consisted of a plastic tube (9 cm long) and a rubber end (7 cm long). After
assembling the horn, the rubber end could be squeezed to make a sound.

Demonstration and tests were carried out on a table (76 � 106 � 52 cm). The objects were placed
onto one of two white rectangular panels (long panel: 74.5 � 29 cm; short panel: 28 � 29 cm) on a
black tablecloth (145 � 200 cm). In all cases, one part of the toy was as close to the participants as
possible. In contrast, the other part was always farther away, either within hand’s reach for the child
(~30 cm; irrelevant context for tool use) or out of the child’s reach (~60 cm; relevant context for tool
use). A white wooden spoon (30.5 cm long) that could be used for reaching was placed on the right
side of the table (Fig. 1).

Procedure

Irrelevant–relevant and relevant–irrelevant conditions
The experiments were conducted by a female experimenter. Each infant participated in one ran-

domly assigned condition. Each condition included two sessions. Session 1 consisted of a demonstra-
tion phase and an immediate reenactment test. Session 2 occurred 1 week later and included only a
delayed reenactment test. Infants were seated on the caregiver’s lap, next to the experimenter’s seat.
The objects were laid on the table out of reach for the infant, and parents were instructed not to allow
infants to grab the objects. As such, none of the infants reached the objects during the demonstration.
The experimenter sat in front of the white panel of the table, on which each of the toys laid detached.

In the demonstration, the experimenter pointed to the part of the set at the closer end of the table
while saying ‘‘Look, this is one part of the toy!” and then pointed at the corresponding part placed far-
ther away while saying ‘‘Look, there is the other part of it!” If the other part was close to the exper-
imenter, within hand’s reach, she grabbed the wooden spoon, showed it to the infant, and reached the
target object with the tool. If the other part was out of her hand’s reach, to emphasize distance of the
target object, the experimenter first tried to reach it by stretching her hand as far as she could. After
registering her unsuccessful action (‘‘Uh oh”), she grabbed the wooden spoon and reached the target
5



Fig. 1. Irrelevant and relevant tool use contexts during the demonstration phase. Object Parts A and B (see panels B and D) were
two parts of an object set. Object Part A was always close to the person; the goal was to obtain Object Part B. In the irrelevant
context (panels A and B), Object Part B of each pair was within hand’s reach; thus, the situational constraints made the tool use
unnecessary. In the relevant context (panels C and D), the second part (Object Part B) was farther away and could not be reached
by hand; thus, tool use was necessary. In the demonstration phase, infants saw all three object sets at once. During test trials,
only one object set (propeller, ball, or horn) was on the table at a time.
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with it. Then she brought the two pieces together, showed the function of the repaired toy (e.g., the
propeller whirling, throwing and catching the ball, the horn making a sound), and put it away under
the table. She demonstrated the assembly of the remaining two objects with the same procedure. The
toys were presented in two predefined orders (Order A: propeller, ball, and horn; Order B: horn, pro-
peller, and ball), but the part that needed to be retrieved was the same for each child—the head of the
propeller, the rubber end of the horn, and one part of the ball (the ball’s two parts were identical).

The demonstration was followed by an immediate test, but before that the experimenter and par-
ticipant switched places. Then one of the object sets was placed (in detached form) onto the cleared
table in the same position as it was during the demonstration (close or far), and the infant was invited
to play with it (‘‘Now, you can play with it!”). If the infant needed further motivation, the experi-
menter pointed to the object part while saying ‘‘Look, there is the other part of it!” After assembling
one toy, the experimenter took it away and the infant received another object set. Participants got the
toys in the same order as they were demonstrated (Order A or B). In the relevant tool use context, if
the participant tried but could not reach the distant part, after 1 min (or if the child lost interest in
obtaining the object) the experimenter took the current set away and placed the next set on the table
(this happened in 3.8% of the trials in the relevant context in Experiments 1 and 2 (10 of the 360 rel-
evant context trials) and never in the irrelevant context (see also Table 1 in the supplementary mate-
rial for the details on success in tool use). If the child used the tool in a subsequent trial, the
experimenter placed the previously unsuccessful trial’s object set in the original distant position (this
happened in 0.8% of the relevant context trials in Experiments 1 and 2 [2 of 360]). Successful tool use
6



Table 1
Means and mean ranks of tool use in Session 1 and Session 2 in the Relevant Baseline, Irrelevant Baseline, Irrelevant–Relevant,
Relevant–Irrelevant, and Relevant–Relevant conditions of Experiment 1 and in the Irrelevant–Relevant Delayed and Irrelevant–
Relevant Immediate conditions of Experiment 2.

Condition Tool use

Session 1 Session 2

Mean score Mean rank Mean score Mean rank

Experiment 1 Relevant Baseline 0.08 19.67
Irrelevant Baseline 0 18.00
Irrelevant–Relevant 0.44 25.17 1.61 43.97
Relevant–Irrelevant 3.00 61.50 1.06 38.13
Relevant–Relevant 2.89 59.39 2.83 63.25

Experiment 2 Irrelevant-Relevant Delayed 1.67 26.06
Irrelevant–Relevant Immediate 2.28 31.33

Note. A rank was assigned to each child’s score of the respective sessions (0–3), indicating the number of trials out of 3 in which
the child used the tool. Then, within each condition, the mean of these ranks was calculated. Mean ranks in Experiment 1 and
Experiment 2 were calculated separately.
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in these additional trials was counted into the total number of tool use trials for that child. If the child
did not use the tool in any of the 3 trials, after the third trial both of the object parts for each set were
placed in hand’s reach of the child to assess whether the child would assemble the sets (this happened
in 2.2% of the relevant context trials [8 of 360]). No such intervention was needed in the irrelevant
context because infants could easily reach the toys.

Session 2 took place 1 week later and included only a (delayed) reenactment by the infant without
the demonstration. The task of the participant was the same as before—to retrieve the second parts
and assemble the toys. However, in the Irrelevant–Relevant condition objects were farther away than
before (making the tool use necessary), and in the Relevant–Irrelevant condition objects were closer
than they were in the previous session (making the tool use suboptimal, i.e., unnecessary). For a
detailed description of the experimental design in the various conditions, see Fig. 2.

Relevant–relevant condition
In the Relevant–Relevant condition, the procedure was similar to that of the previous conditions,

but the target objects were far away from the participant in both Session 1 and Session 2; thus, tool
use remained relevant in both sessions (in the demonstrations as well as in both reenactments).

Relevant and irrelevant baseline conditions
In the two baseline conditions, only one session took place with the same props present (including

the tool) and there was no demonstration of reaching with the tool or assembling the objects. How-
ever, to emphasize that the two parts belonged together, before laying one of the toys onto the table,
the experimenter showed the object’s function in attached form (e.g., whirling, throwing, making a
sound) and took it apart in front of the infant. In the Irrelevant Baseline the target object was within
the child’s reach, and in the Relevant Baseline the target object was out of the child’s reach. The
instruction was ‘‘Let’s play with them!” If the child was passive for a long time, the experimenter
pointed to the other piece while saying ‘‘This is the other part of the toy, let’s play with it!” in order
to encourage the child to retrieve the object. These instructions were exactly the same as those used in
the experimental conditions.

Coding

Sessions were video-recorded and coded offline. The target action was tool use, and the dependent
measure was the total number of target acts produced across the 3 trials. Children received a score of 0
or 1 for each trial, resulting in an overall score ranging from 0 to 3. The operational criteria for tool use
was grabbing the tool and reaching with it toward the second object part (the first part was always
7



Fig. 2. Experimental design of the conditions. Conditions could consist of three phases: demonstration by a model, immediate
reenactment, and delayed reenactment. The demonstration and immediate reenactment took place in Session 1, which was
followed by a delayed reenactment after 1 week in Session 2. Relevance of tool use (relevant or irrelevant) changed during the
sessions according to the conditions.
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close to the participant) regardless of whether this movement was successful or not (see also Table 1
in the supplementary material on the success of tool use). When children used the tool, in 86% of the
trials (across Experiments 1 and 2) they were able to obtain the object with it; in only 14% of the trials
were their attempts to reach the object with the tool unsuccessful. Because in the final dataset we
included only those participants who reached toward the object part either by hand or with the
tool—revealing both the understanding of the overall goal and the motivation to attain it—lack of tool
use is equivalent to using a hand to obtain the object. Infants who did not try to reach the object
(coded as passive), were inattentive during the demonstration, refused to play, or quit the test session
before completing it (coded as fussy) were excluded from the dataset (see ‘‘Participants” section
above). Joining object parts after obtaining both pieces was not a criterion for inclusion, but children
successfully assembled the object sets in 94% of the trials and in 85% even without a prompt (see
details in Figs. 2 and 3 of the supplementary material). The procedure of assembling the parts did
not seem to cause difficulties in general given that in only 6% of all the trials in Experiment 1 (23
of 396 total trials) was this procedure unsuccessful because the children requested help (7 of 23
unsuccessful trials), lost interest (8 of 23 unsuccessful trials), or did not know what to do (8 of 23
unsuccessful trials).

An independent coder, blind to the research question, coded 50% of the Irrelevant–Relevant condi-
tion videos and 50% of the Relevant–Irrelevant condition videos. Reliability between the coders was
good (Cohen’s kappa for Irrelevant–Relevant = .84; Cohen’s kappa for Relevant–Irrelevant = 1.00).
Another independent coder, also blind to the research question, coded 50% of the Relevant–Relevant
videos. Reliability between the coders was high (Cohen’s kappa = 1.00).
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Fig. 3. Tool use score (Min = 0, Max = 3) in Session 1 and Session 2 (left and right bars, respectively) in the Relevant–Irrelevant,
Irrelevant–Relevant, and Relevant–Relevant conditions. Children included in the sample either used a tool or reached for the
object by hand. Asterisks indicate significant differences: *p < .05; **p < .001; ns, not significant.
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Statistical analysis

SPSS 25.0 for Windows (IBM Corp., Armonk, NY, USA) was used for statistical analysis, and p < .05
was accepted as significant throughout.

In each analysis, the dependent variable was whether children displayed the target action (tool
use). However, for the generalized linear mixed model (GLMM) analyses, we included trials as a ran-
dom factor; therefore, the analyses were performed on the score children received for each task (0 or
1), whereas in all other analyses the sum of trial scores (0–3) was used.

First, a Kruskal–Wallis test was used to investigate whether the occurrence of tool use (as a depen-
dent variable) was different in the experimental and baseline conditions (Irrelevant–Relevant, Rele-
vant–Irrelevant, Relevant–Relevant, Relevant Baseline, or Irrelevant Baseline) (condition as an
independent variable). Analyses were performed separately in Session 1 and Session 2.
9
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Then a GLMM with binary regression was used to test whether the occurrence of tool use could be
explained by the experimental condition (Irrelevant–Relevant, Relevant–Irrelevant, or Relevant–Rele-
vant), session (1 or 2), trial, sex, age, and object order. The initial model included main effects and the
interaction of condition and session. We used backward elimination for model selection. Finally, we
used planned comparisons to explain the model further.

Results

Baseline comparisons
First, we investigated the effect of demonstration on the target action, comparing experimental

conditions with baseline.
In Session 1, a Kruskal–Wallis test revealed strong evidence of difference between groups, H

(4) = 70.20, p < .001, g2 = .91. Dunn’s pairwise tests with Bonferroni correction revealed that when
the tool was first relevant in goal achievement (Relevant–Irrelevant), children used it significantly
more than in the baseline conditions (compared with Relevant Baseline: p < .001; Irrelevant Baseline:
p < .001). Similarly, children used the tool more in the relevant context of the Relevant–Relevant con-
dition than in the baseline conditions (compared with Relevant Baseline: p < .001; Irrelevant Baseline:
p < .001). However, when the tool was irrelevant first (Irrelevant–Relevant), children used the tool at a
rate similar to that in the baseline conditions (compared with Relevant Baseline: p = 1.00; Irrelevant
Baseline: p = 1.00) (Table 1).

In Session 2, a Kruskal–Wallis test also revealed strong evidence of difference between groups, H
(4) = 45.49, p < .001, g2 = .57. Dunn’s pairwise tests with Bonferroni correction showed that when
the tool became relevant at the second time (Irrelevant–Relevant), children used it more than in
the baseline conditions (compared with Relevant Baseline: p = .027; Irrelevant Baseline: p = .012). Sim-
ilarly, when the tool remained relevant (Relevant–Relevant), children used the tool more than in the
baseline conditions (compared with Relevant Baseline: p < .001; Irrelevant Baseline: p < .001). How-
ever, when the tool lost its relevance (Relevant–Irrelevant condition), children used the tool at a rate
similar to that in the baseline conditions (compared with Relevant Baseline: p = .247; Irrelevant Base-
line: p = .130) (Table 1).

Experimental conditions
The GLMM showed that condition had a significant main effect on tool use, F(2, 318) = 18.57,

p < .001, whereby children used the tool more when the tool remained relevant during all sessions
(Relevant–Relevant) than if the relevancy of the tool changed (Irrelevant–Relevant or Relevant–Irrel-
evant). There was also a significant Condition � Session interaction, F(2, 318) = 3.21, p = .042, whereby
children used the tool differently between sessions except in the Relevant–Relevant condition.

To assess the changes in tool use between sessions, we compared Session 1 and Session 2 in each
condition separately with a Wilcoxon signed rank test. In the Irrelevant–Relevant condition, children
used the tool in Session 2 significantly more often than in Session 1 (z = 73, p = .007, r = .45). In con-
trast, in the Relevant–Irrelevant condition children used the tool significantly less in Session 2 com-
pared with Session 1 (z = 0, p < .001, r = � .61). In the Relevant–Relevant condition, there was no
difference in tool use between sessions (z = 6, p = .655, r = .07) (Fig. 3).

Then, with a Kruskal–Wallis test, we compared conditions separately within Session 1 and Session
2, with tool use as a dependent variable and condition (Irrelevant–Relevant, Relevant–Irrelevant, or
Relevant–Relevant) as a between-participants variable. In Session 1, conditions differed significantly
in tool use, H(2) = 47.47, p < .001, g2 = .89. Dunn’s pairwise tests with Bonferroni correction revealed
that the condition in which tool use was irrelevant (Irrelevant–Relevant) differed from the conditions
in which it was first relevant (compared with Relevant–Irrelevant: p < .001; Relevant–Relevant:
p < .001) (Fig. 4).

The same analysis in Session 2 once again showed that conditions differed in tool use, H(2) = 19.62,
p < .001, g2 = .36. However, post hoc analyses with Bonferroni correction indicated that the condition
in which tool use became irrelevant (Relevant–Irrelevant) only differed from the condition where the
relevance remained the same (Relevant–Relevant: p < .001) but not from the condition where tool use
became relevant (Irrelevant–Relevant: p = .338). Crucially, there was a difference between the two
10



Fig. 4. Tool use score (Min = 0, Max = 3) in Experiment 1, Session 1, and Session 2 in the Relevant–Irrelevant, Irrelevant–
Relevant, and Relevant–Relevant conditions and in Experiment 2, Irrelevant–Relevant Delayed and Irrelevant–Relevant
Immediate conditions. Children included in the sample either used a tool or reached for the object by hand. Asterisks indicate
significant differences: *p < .05; **p < .001; ns, not significant.
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conditions in which tool use was relevant in Session 2 (Irrelevant–Relevant and Relevant–Relevant
conditions: p = .016) (Fig. 4).
Discussion

In Experiment 1, we investigated whether children could reevaluate their previous experiences and
adapt to a modified constraint after a 1-week delay. Immediately after demonstration, they imitated
according to the situational constraints; they used the tool more when it was necessary (Relevant–
Irrelevant and Relevant–Relevant conditions) and largely omitted it when it was not necessary (Irrel-
evant–Relevant condition). After a 1-week delay and a constraint change, there was an observable
change in children’s strategies given that they used the tool somewhat more when it became relevant
(Irrelevant–Relevant), used it less when it became irrelevant (Relevant–Irrelevant), and did not change
their strategy when the relevance remained the same (Relevant–Relevant). The latter condition
excludes the possibility that children in either condition did not use the tool in Session 2 simply
because they had forgotten it because they could easily retrieve it even after the 1-week delay if
the context remained the same.
11
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Notably, although some children indeed changed their strategies from Session 1 to Session 2 in the
changing-relevance groups, they were not as flexible in the second session as they were in the first
session immediately after demonstration. The two changing-relevance groups’ behavior did not differ
significantly from one another in Session 2, whereas a fully flexible delayed reenactment would pre-
dict an opposite pattern from that of Session 1. In addition, in Session 2 significantly fewer children
used the tool in the Irrelevant–Relevant condition than in the Relevant–Relevant condition.

A critical difference between the Irrelevant–Relevant and Relevant–Relevant conditions is that in
the Relevant–Relevant condition in Session 1 the necessity of the tool was shown during demonstra-
tion and reinforced during reenactment. In the Irrelevant–Relevant condition in Session 1, the tool use
was not necessary in either the demonstration or the reenactment, and accordingly children tended
not to use it. Therefore, to solve the task in this condition in Session 2, children needed to recall the
details of the original demonstration event and revise the efficacy of the solution (i.e., using the tool)
that was demonstrated by the model in the previous (tool-use-irrelevant) context to fit the newly
encountered (tool-use-relevant) context. Because in this condition in Session 1 during immediate
reenactment children had already attained the goal without the tool use, even if children were able
to recollect previous information, their first-person experience of the tool’s irrelevance from Session
1 could have made it difficult to retrieve the demonstration precisely.

Besides children’s own experience from Session 1, the 1-week delay could have also contributed to
the difficulty of incorporating the previously irrelevant steps, especially in the Irrelevant–Relevant
condition, given that studies of Flynn (2008) and Simpson and Riggs (2011) showed that irrelevant
acts of a goal-related event tend to fade away with time. It might be that more elements are retained
in the short term, but because it is more parsimonious to remember only relevant actions in the long
term, irrelevant actions, such as the tool use in the Irrelevant–Relevant condition, fade from memory
with time.

In Experiment 1, it is difficult to pinpoint the exact moment when the irrelevant act was filtered
out because most of the children in the Irrelevant–Relevant condition did not use the tool in the reen-
actment of Session 1. Therefore, it is possible that the irrelevant act was already filtered out during the
encoding of the demonstration, or during the immediate test, and did not even enter long-term mem-
ory storage. Alternatively, it could have been unused but nevertheless retained in memory and faded
away over the 1-week delay. In Experiment 2, we assessed how children adapt to the constraint
change after a short versus long delay when they had not tried out the task before the change.
Experiment 2

Experiment 2 was designed to disentangle the contributions of temporal delay and change in con-
straint. First, we asked whether children could retrieve the irrelevant act when the constraint change
and reenactment are close in time to the demonstration to see whether irrelevant acts could be
restored better after a short-term delay (Irrelevant–Relevant Immediate condition). Second, we
introduced a condition in which we kept the delay between the demonstration and reenactment in
a changed context but did not allow an immediate reenactment after the demonstration
(Irrelevant–Relevant Delayed condition). Because the immediate reenactment could strengthen the
availability of the solution produced by the child (e.g., via motor reinforcement), and consequently
make the recall of the alternative means after the constraint change more difficult, with this new con-
dition we aimed to create a situation where the observed demonstration (and encoding thereof) could
be the only source for later recall.
Method

Participants
Participants were 36 infants (Mage = 24.5 months, SD = 1.0, range = 22–27). An additional 7 infants

participated but were not included in the analyses due to passivity (n = 2), fussiness (n = 2), or partic-
ipation in only one test session instead of two sessions (n = 3). In the final sample, 18 infants (8 male)
12
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were in the Irrelevant–Relevant Immediate condition and 18 infants (9 male) were in the Irrelevant–
Relevant Delayed condition.

Materials and procedure
The same objects were used as in Experiment 1. In Session 1, infants always observed the irrelevant

tool use demonstration (the target objects were within hand’s reach). Then, in the Irrelevant–Relevant
Immediate condition out of participants’ sight, target objects were placed farther away (tool gained
relevance) and children had the chance to obtain the objects. In the Irrelevant–Relevant Delayed con-
dition, Session 1 was finished after demonstration and children could only obtain the toys 1 week later
in a changed (tool use relevant) context (see Fig. 2).

Coding
The target action score was calculated in the same way as in Experiment 1. An independent coder,

blind to the research question, coded 50% of the Irrelevant–Relevant Immediate videos. Reliability
between the coders was good (Cohen’s kappa = .80). Another independent coder, also blind to the
research question, coded 50% of the Irrelevant–Relevant Delayed videos. Reliability between the
coders was high (Cohen’s kappa = 1.00). Children successfully assembled the object sets in 88% of
the trials in Experiment 2, and they did so in 70% of trials without any prompt (see details in Figs. 2
and 3 of supplementary material). The procedure of assembling the parts did not seem to cause diffi-
culties in general given that in only 12% of all the trials of Experiment 2 (13 of 108 total trials) was this
procedure unsuccessful because the children requested help (3 of 13 unsuccessful trials), lost interest
(5 of 13 unsuccessful trials), had manual problems (2 of 13 unsuccessful trials), or did not know what
to do (3 of 13 unsuccessful trials).

Results and discussion

We investigated the effect of the timing of the constraint change (immediate or delayed) and the
possible effect of practice after demonstration. A Kruskal–Wallis test with tool use as a dependent
variable and condition (Irrelevant–Relevant Immediate or Irrelevant–Relevant Delayed condition from
Experiment 2, and Session 2 of Irrelevant–Relevant condition from Experiment 1) as a between-
participants factor did not reveal any difference in tool use, H(2) = 2.21, p = .332, g2 = .004 (Table 1
and Fig. 4).

Experiment 2 showed that despite shortening the delay between sessions, tool use could not be
retrieved with greater ease given that tool use after a short delay and a long delay did not differ. In
addition, Experiment 2 excluded the effect of immediate reenactment on long-term recall; when chil-
dren only had a chance to try out the actions themselves after a 1-week delay, their ability to incor-
porate the tool use into the new relevant context did not increase. On the other hand, it should be
noted that about half of the children, even without a chance to practice the goal attainment, managed
to retrieve the object with the tool use after a 1-week delay despite the constraint change, showing
notable mnemonic competence in this task.
General discussion

In two experiments, we investigated whether 2-year-old infants could reconsider their physical
causal evaluations if the validity of their evaluations changed in light of a novel constraint. The change
of constraint was implemented by varying the distance of a target object that infants needed to obtain.
When the object was close, infants (as well as the experimenter during the demonstration) could
reach it by hand; however, when it was far, the use of a tool was necessary to obtain it. Results of
Experiment 1 indicate that immediately after the demonstration, infants evaluated the requirements
of a situation and emulated accordingly (by only using the tool in the relevant context when the object
was out of reach); providing further evidence that 2-year-olds apply the teleological stance and
choose their behavior to attain the demonstrated goal optimally (Buttelmann, Carpenter, Call, &
Tomasello, 2008; Király, Csibra, & Gergely, 2013).
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After a 1-week delay, when the constraint change required updating previously learned informa-
tion as being superfluous (Relevant–Irrelevant condition), children could somewhat adapt to a mod-
ified context and use another strategy to reach a goal; they tended to reach the object by hand
instead of using the (previously necessary) tool. Children seemed to recognize when the previously
relevant act lost its relevance and to some degree omitted the act from their goal-reaching behavior.
This further expands the findings about the role of the teleological stance in 2-year-olds’ reenactment,
with children remaining selective even after a delay because they could omit an act that was not
needed anymore (McGuigan & Whiten, 2009; Taniguchi & Sanefuji, 2017; Yu & Kushnir, 2014). These
results are also in line with previous studies showing that infants at this younger age pay more atten-
tion to learning optimal means for goal attainment and perhaps pay less attention to the social nor-
mative aspects of it (Gellén & Buttelmann, 2019).

Children showed less flexibility when the constraint change required the retrieval of previously
encountered information for optimal behavior in the new context (Irrelevant–Relevant condition)
because the use of the tool was not as dominant as in the relevant context of the other conditions (Rel-
evant–Irrelevant and Relevant–Relevant). When children needed to retrieve a formerly irrelevant act
and incorporate it into their actions, because it was the optimal (and only) solution in the new context,
about half of the children turned to the tool that was used in the initial demonstration event. In Exper-
iment 1, the two changing-relevance groups’ behavior did not differ significantly from one another in
Session 2, whereas a fully flexible delayed reenactment would predict an opposite pattern from that of
Session 1. In addition, in Session 2 significantly fewer children used the tool in the Irrelevant–Relevant
condition than in the Relevant–Relevant condition. When the tool use became necessary, children
must have noticed this change because their own previous solution did not work anymore. Yet tool
use did not become a completely dominant strategy in this condition. Experiment 2 showed that nei-
ther shortening the delay nor excluding practice immediately after the demonstration fully eliminated
the effect of a constraint change. The fact that children did not remember the tool use significantly
more in the immediate delay group (Irrelevant–Relevant Immediate condition) compared with the
long delay group (Irrelevant–Relevant Delayed condition) in Experiment 2 suggests that the omission
of the tool use as an action step may have already happened during or soon after observation. A pos-
sible explanation for this phenomenon is offered by causal accounts of action interpretation
(Sommerville & Woodward, 2005), which emphasize that event representations are maintained dur-
ing infancy in a causal manner and that arbitrary connections are more fragile and fade much faster
than causally linked connections such as goal-relevant steps in the current case (Loucks & Meltzoff,
2013).

Yet children were also not ‘‘fully inflexible”. Although we observed significantly less tool use after
the context changed to relevant compared with when the context had always been relevant, there was
nevertheless an increase from Session 1 to Session 2 when it became relevant due to the constraint
change (Irrelevant–Relevant condition). In particular, in the Irrelevant–Relevant condition, none of
18 children deployed the action all three times in Session 1, and 9 of 18 deployed the action all three
times in Session 2. If children would have fully forgotten the action when they saw it in the irrelevant
context first, they would not have shown any increase in tool use when it became relevant. If, on the
other hand, children would have been fully flexible, they should have used it with the same frequency
after the constraint change as when they saw it in the relevant context to begin with (Relevant–Rel-
evant condition), which was not the case. It is possible that the second year of life is a transitional age
when some children already have flexible memory capacities, but others are not at this stage yet.

Why did constraint change in the current experiments cause some difficulties in incorporating the
tool use, whereas some children were able to recall it, and what could this tell us about the develop-
ment of memory abilities? A relevant distinction may be between event memory and episodic mem-
ory abilities. One prerequisite of episodic memory is the ability to preserve the memories of one-time
experiences, which becomes functional already at the end of the second year of life (Bauer & Leventon,
2013). According to Mahr and Csibra (2017), however, this form of memory can store representations
of distinct past episodes (memories of one-time experiences) but does not include a reflexive note and
thus lacks information on their sources. Information on the origins of an event could result in a remem-
bering attitude that allows one to realize that these representations are actually memories (see also
Rubin & Umanath, 2015). From this angle, event memories of one-time experiences (Bauer, 2006;
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Bauer & Leventon, 2013) are not yet episodic memories identified as the result of an act of remember-
ing. Whereas children from around 3 or 4 years of age start to show the capacity to recognize when
they need to remember a specific event and thus take the remembering attitude (Haigh &
Robinson, 2009; Király et al., 2018; Scarf et al., 2013; Suddendorf et al, 2011), it is possible that 2-
year-olds are able to recall one-time experienced events but cannot reflectively identify them as speci-
fic past events (Mahr & Csibra, 2017).

The difference between these capabilities could lie in the content of the memories that are repre-
sented. One possibility is that event memory allows an individual to remember unique elements of a
past event, which could then be potentially recalled, but this recall may be more arbitrary and might
not happen in a reliable manner. Episodic recollection, however, could retain the perspective-
dependent causal structure of these events (e.g., the reason why they omitted the tool last time)
and thus flexibly manipulate elements and events of the original scenario, and therefore could support
a reliable recall of any element. If children’s performance in the current experiments reflects the oper-
ation of event memory, it could explain why some children can remember the tool use and recall it,
but others fail to do so. The familiarity of the situation for some children may have triggered the retrie-
val of the event memory, which made them recall the tool as an option, yet not with as much ease and
success as the experience of remembering later in development may enable them to do so. For flexible
use of the original experience, children needed to realize that in the novel context the solution could
be found via retrieving the specifics of the original situation. Specifically, children would have needed
to retrieve the fact that in the original episode the need for tool use had been based on the location of
the target object, which then resulted in omitting it. Based on this, they would have needed to reeval-
uate the efficiency in light of the new location, thereby incorporating the tool use. Therefore, even if
the tool use was retained as part of the memory about the original event, the reevaluation process
would require episodic recollection, which may prove to be difficult for children at this age (Mahr
& Csibra, 2017).

It has been suggested that the main function of episodic retrieval is to refine inferences that orig-
inate in past experiences and, in consequence, to enrich and update semantic information for better
predictions (Klein, Cosmides, Gangi, Jackson, & Tooby; 2009). The full-blown combined episodic and
semantic memory, in turn, was proposed to consist of a network of interconnected elements, and this
memory network allows one to use the encoded elements flexibly in different contexts (Eichenbaum,
2004). Based on the current results, at 2 years of age the flexible handling of event elements is not fully
available yet, indicating that events are more likely represented as elements available for a more
semantic-type event memory. A prediction that follows is that older children, for whom the episodic
form of recollection would be available, should reliably swap their strategies when presented with a
constraint change such as the one in the current experiments.

In sum, toddlers’ behavior in our task may reflect an interplay between two phenomena. On the
one hand, goal emulation is a flexible learning strategy, whereby the observer can arrive at a better
solution by leaving out irrelevant steps. Young children tend to show selective imitative strategies
(e.g. Gellén & Buttelmann, 2019; Nielsen, 2006), and this sensitivity to relevance evaluations may
equip infants with a powerful learning mechanism through forming robust memories with predictive
values because remembering unnecessary elements may lead to overload. This suggestion is in line
with the late emergence of episodic memory that has been suggested to be preceded by the accumu-
lation of ‘‘semantic” information (Nelson & Fivush, 2004). On the other hand, the fact that children
tended to stick with their initial strategies led to suboptimal strategies in the changed context where
the input from their memories would have been required. A speculative proposal is that the emer-
gence of episodic memory gives rise to the possibility of retrospective evaluations (as suggested by
Klein et al., 2009). This, in turn, can lead to a largely flexible learning strategy because recollection
of episodic details can contribute to the refinement of outputs of semantic retrieval and result in more
complex cohesive memory formats (see Eichenbaum, 2004; Riggins, 2012). Whether older children
who are equipped with more advanced episodic memory capacities would also more flexibly change
their goal attainment strategies remains the subject of future research.
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