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BACKGROUND

Humans acquire a considerable portion of their knowledge and skills from each other via high- fidelity 
imitation (Legare, 2019; Legare & Nielsen, 2015). This process of social learning is thought to help lay 
the foundations of what is known as cumulative culture, whereby humans not only learn by copying 
others but also build on and improve their toolkit and pass it on to the next generation (Tomasello 
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Abstract
Children have a proclivity to learn through faithful imi-
tation, but the extent to which this applies under signifi-
cant cost remains unclear. To address this, we investigated 
whether 4-  to 6- year- old children (N = 97) would stop 
imitating to forego a desirable food reward. We presented 
participants with a task involving arranging marshmallows 
and craft sticks, with the goal being either to collect marsh-
mallows or build a tower. Children replicated the demon-
strated actions with high fidelity regardless of the goal, but 
retrieved rewards differently. Children either copied the 
specific actions needed to build a tower, prioritizing tower 
completion over reward; or adopted a novel convention of 
stacking materials before collecting marshmallows, and 
developed their own method to achieve better outcomes. 
These results suggest children's social learning decisions are 
flexible and context- dependent, yet that when framed by an 
ostensive goal, children imitated in adherence to the goal 
despite incurring significant material costs.
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et al., 1993). After multiple generations of progress, we accordingly possess a remarkable body of com-
plex languages, cultural artefacts, rituals, advanced technology, and scientific knowledge that no indi-
vidual could come up with on their own (Mesoudi & Thornton, 2018). Although there is evidence of 
cumulative culture in other animals, there is nothing that mirrors the depths and complexities of its 
expression in us (Whiten, 2019, 2022).

Imitation may be particularly critical for children, given the wealth of human repertoires they need 
to acquire to become competent adults and be integrated into their cultural in- group. By approximately 
6 months of age, infants will copy simple, novel object- directed actions they have observed others per-
forming to achieve an intended outcome (Barr et al., 1996; Meltzoff, 1988). By around 2 years of age, 
children's inclination to imitate reaches a striking level, where even perceivably causally unnecessary 
actions may be replicated (Hoehl et al., 2019; Nielsen, 2006). This particular form of high- fidelity copy-
ing, known as over- imitation (Lyons et al., 2007), has been widely documented and appears to be human- 
specific. In a now classic study by Horner and Whiten (2005), an adult human model demonstrated a 
means of reward retrieval on a novel apparatus. The model used a stick to reveal two openings in the 
apparatus and inserted the stick into each in turn. The reward could be retrieved only through the sec-
ond opening, rendering as redundant all actions on the first opening. This redundancy, however, could 
be seen only when the apparatus was transparent, compared with a version where it was opaque. While 
chimpanzees omitted the redundant actions when the apparatus was transparent, human children im-
itated with high levels of fidelity irrespective of the transparency of the apparatus. This, alongside 
other studies (Clay & Tennie, 2018; Clegg & Legare, 2016a; McGuigan et al., 2007; Nielsen et al., 2014; 
Wilks et al., 2019), shows that children's proclivity to learn by faithfully replicating the ‘process’ of a be-
haviour at the expense of more effective means is distinct from even our closest living primate relatives 
(Byrne, 2009; Dean et al., 2012; Tomasello, 2019).

A sound reason for this initially puzzling proclivity could be that a process- oriented, high- fidelity 
form of learning is hugely beneficial over the long term. Copying what others do with objects is a pow-
erful strategy, which helps avoid potentially costly individual trial- and- error learning, especially in a 
human cultural landscape furnished with complex artefacts (Laland, 2004). Such strategy also allows 
for the propagation of cultural traditions and rituals, which may be equally functionally opaque but are 
important for children for the purpose of group cohesion and society formation (Nielsen, 2018; Noren-
zayan et al., 2016; Over, 2020). By imitating faithfully, children build up affiliation and rapport with oth-
ers, enhancing group living and supporting individual survival (van Baaren et al., 2004; Watson- Jones 
& Legare, 2016). In line with this, Whiten et al. (2005) suggested that imitation is a pragmatic ‘rule of 
thumb’ in children's social learning, helping them acquire the massive human cultural knowledge and 
skill reservoir.

Past research has indicated that children opt for high- fidelity imitation particularly when the primary 
learning purpose is social/conventional, but focus more on achieving an instrumental goal optimally 
and imitating with less fidelity (Clegg & Legare, 2016b; Herrmann et al., 2013; Legare et al., 2015; Wil-
liamson et al., 2008). Nonetheless, the scope and limits of children's drive to imitate faithfully remain 
unclear. More specifically, will children prefer to act out an action sequence they have seen someone else 
model if it entails abandoning a desirable, material reward?

One obfuscating factor in answering this question is that in almost all imitation studies published 
to date, there may be only a minimal cost to copying. Children are typically offered an opportunity to 
retrieve a reward or an object from a puzzle box, or they are given a chance to play with some materials 
after watching a model interact with them. Replicating the model's actions faithfully leads to the same 
material outcome for children as does ignoring most or all of the modelled actions. Consequently, other 
than to save a little time and energy when performing the task, there may be little reason to not imitate 
faithfully.

To the best of our knowledge, only a few studies have explored scenarios where imitations are made 
costly (Burdett et al., 2022; Carr et al., 2015; DiYanni et al., 2011; Evans et al., 2021; Keupp et al., 2016; 
Lyons et al., 2011; Vale et al., 2017). Several of these studies featured no tangible material cost to the 
child. These non- material costs varied in nature and were challenging to compare directly: the copied 

 2044835x, 0, D
ow

nloaded from
 https://bpspsychub.onlinelibrary.w

iley.com
/doi/10.1111/bjdp.12463 by U

niversity O
f St A

ndrew
s U

niversity, W
iley O

nline L
ibrary on [15/11/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



    | 3COSTLY IMITATION IN CHILDREN: A NOVEL TASK

actions lead to someone else's belongings being destroyed (Keupp et al., 2016), losing in a competition 
(Lyons et al., 2011), or failing to complete a task (DiYanni et al., 2011). In studies that included a loss of 
material rewards, two involved copying only a single action of choosing an object (Burdett et al., 2022; 
Vale et al., 2017), leaving open the question of how children would adjust their level of imitative fidelity 
when faced with longer action sequences that require more advanced cause– effect understanding and 
intent interpretation, alongside balancing complex instrumental and social functions.

Among the studies that did involve copying action sequences (Carr et al., 2015; Evans et al., 2021; 
Lyons et al., 2011), rewards were placed inside unfamiliar puzzle boxes, adding to the novelty and com-
plexity of the task. This, in turn, may have restricted children's causal understanding thereby increas-
ing their imitative tendencies (Flynn & Whiten, 2008; Gardiner et al., 2012; Marsh et al., 2019; Wood 
et al., 2016). These studies also yielded mixed findings with young children either imitating less faith-
fully (Burdett et al., 2022; DiYanni et al., 2011; Evans et al., 2021; Keupp et al., 2016; Vale et al., 2017) or 
continuing to overimitate (Carr et al., 2015; Lyons et al., 2011). As a result, a study that involves desirable 
material rewards but does not rely on puzzle boxes is needed to better understand the impact of cost on 
children's faithful imitation of action sequences.

The current study thus set out to investigate whether, after witnessing a simple novel task performed, 
children would refrain from imitating what they saw if it meant forsaking a desirable food reward. Food 
rewards were implemented as they serve as naturally rewarding tokens, especially palatable and caloric 
foods are closely linked to the brain's reward pathways and can reinforce associated behaviours (de 
Araujo et al., 2020; Neary & Batterham, 2010). Children are particularly responsive to the rewarding 
properties of such foods (Rollins et al., 2014). Moreover, the present task was designed such that faithful 
replication of all modelled actions would lead to only a small proportion of the possible rewards avail-
able being collected. If children were to copy faithfully, they would only gain one marshmallow instead 
of all five (across two trials this effectively meant collecting two marshmallows instead of ten). Given 
the strong motivational drive of marshmallows, it was expected that the trade- off between imitation 
and reward would push children to evaluate and adjust their imitative decisions. Additionally, the unique 
action sequence of constructing a platform and collecting marshmallows involved concepts and skills 
familiar to children. Children were given the freedom to do whatever they wanted with the materials 
and were reassured any marshmallows they collected could be taken home. Four-  to 6- year- old chil-
dren were recruited as children of this age have previously been established as strong imitators (Ken-
ward, 2012; Lyons et al., 2007; Nielsen & Tomaselli, 2010) yet also capable of selective imitation (Evans 
et al., 2018; Hoehl et al., 2014; Nielsen & Blank, 2011).

Statement of contribution

What is already known on this subject?

• Children have a tendency to learn through faithful imitation, even replicating causally un-
necessary actions.

• However, past imitation studies rarely involved costly actions.

What the present study adds?

• The present study utilized a novel simple task where material rewards were pitted against 
imitation.

• Children's social learning decisions are flexible and context- dependent; and can be driven by 
the process or the end- goal of the demonstration.

• Depending on the ostensive task goal and the level of social pressure, children's social learn-
ing behaviour can come at a significant material cost.
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To further investigate whether children's imitative fidelity would vary when the cost of the ac-
tions was marginalized or stressed, we framed the goals of the task as either to ‘build a tower’ or 
to ‘collect marshmallows’. We cued these alternative task goals verbally as this can effectively ma-
nipulate children's task interpretation without altering the demonstrated actions (Clay et al., 2018; 
Clegg & Legare, 2016b; Herrmann et al., 2013; Legare et al., 2015; Moraru et al., 2016). Children 
tend to imitate faithfully when the actions themselves are interpreted as the task goal (Carpenter 
et al., 2005), but are less likely to do so when the actions inhibit goal attainment (Meltzoff, 1995). 
We therefore expected children to focus on the process and imitate more faithfully when the goal 
was to ‘build a tower’ compared with when it was to ‘collect marshmallows’. Because the goal was 
distinguished from the rewards per se, we also expected children to collect fewer marshmallows in 
the tower building condition.

The social side of imitation was also tapped by manipulating the degree of social pressure em-
bedded in the demonstrations. Children were shown two types of demonstrations, one with a sin-
gle model and the other with three adults standing behind the model nodding and smiling when 
the model was demonstrating. Past research shows that children are sensitive to shared judgement 
among individuals (Carpenter et al., 2005; Haun et al., 2012; Nielsen & Tomaselli, 2010; Wilks 
et al., 2015) and are more likely to imitate faithfully the actions demonstrated by a model being 
supported by multiple individuals (Evans et al., 2021; Fusaro & Harris, 2008). Thus, children were 
predicted to imitate with higher fidelity after seeing the demonstration with a group of adults, 
compared with when shown the demonstration of a single adult. Taken together, these conditions 
evaluated the interplay between different instrumental and social factors, affording novel insights 
into children's adaptability and flexibility toward diverse social learning contexts. A summary of the 
conditions can be seen in Table 1.

METHOD

Participants

Ninety- seven 4-  to 6- year- old children (M = 5.36 years, SD = 0.90, 49 girls) were included in the final 
sample. This sample size allowed us to detect a large effect size (calculated with G*Power, f = 0.40, 
power over 90%, α = .05). Data were collected from July 2021 to April 2022, when participants 
were tested in a university lab located within a large western metropolitan city. Consent was ob-
tained from the children's guardians prior to their participation. Most guardians reported education 
background (91%) and ethnicity (97%); of those who reported, 94% of the families had at least one 
guardian with a university degree (73% of whom had a higher university degree). Participants were 
mostly Oceanians (51%), 29% were from multiple ethnic backgrounds, 12% Asian, and 7% Euro-
pean. An additional 13 children were excluded from analysis due to experimenter error (n = 2), con-
dition assigning issues (n = 8), and failure to complete the task (n = 3). Children were tested in quiet 
rooms and received a small gift for participation. This study was approved following the ethical 
review processes of the University's Health and Behavioural Sciences Review Committee (Project 
no. 2021/HE000731).

T A B L E  1  Summary of within group conditions and between group demonstration type.

Tower building Marshmallow collecting Control

Same demonstration No demonstration

Two trials: a single model + a group consensus (sequence counterbalanced)

Goal: to build a tower Goal: to collect marshmallows No goal
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Design and materials

Children observed an adult model construct a small tower using marshmallows and craft- sticks, and 
then collected the marshmallow they had placed on top of the tower. We employed a mixed experimen-
tal design with condition as the between- subject variable: A third of the participants (n = 35) were told 
that the goal of the task was to ‘build a tower’ (Tower Building condition), and a third (n = 32) were told 
that it was to ‘collect marshmallows’ (Marshmallow Collecting condition). The remaining participants 
(n = 30) received no demonstration in order to examine children's spontaneous responses toward the test 
materials. Within each condition, there were two consecutive trials in which children either watched 
a video of a lone model or a video of the same model observed by three additional adults (two levels: 
single or consensus, sequence counterbalanced). This was set as a within- subject variable for more cost- 
effective sampling and to investigate whether children would adjust their strategies after viewing a less 
or more normative demonstration.

As shown in Figure 1, the initial setup in each trial entailed five Marshmallows (placed in a 
17 cm × 11.5 cm × 5 cm container) and eight 15 cm × 9 cm craft- sticks placed on the table. An A4 paper 
sheet with four circles on it marking the locations of the marshmallows was placed in the centre of 
the table. A zip- lock bag was provided to store the marshmallows children collected. Additionally, 
a wooden box (19.05 cm × 12.05 cm × 6 cm) was used in the warm- up phase to introduce the process 
of marshmallow retrieval. A child- friendly, smiley- face Likert scale was displayed on a sheet of paper 
(21 cm × 6 cm) to record children's preferences for marshmallows at the end of each testing session 
(ranged from 1 = Don't Like Very Much to 5 = Like Very Much).

Demonstration videos

The task demonstrations were pre- recorded (see Figure 2). There were two types of video demonstra-
tions. The ‘single’ video featured either a lone adult male or female model demonstrating the task; 
the ‘consensus’ video involved three additional adults standing behind the same model, nodding and 
smiling while the model was performing the actions. These models wore matching clothes to enhance 

F I G U R E  1  Materials used and experimental set- up. The smiley- face Likert scale was coloured as follows (from left to 
right): red, orange, yellow, light green and dark green.
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6 |   ZHAO et al.

shared group membership. Each video included the model first putting four marshmallows in a square 
on the A4 paper provided. The model then placed a stick on top from one marshmallow to the next. 
After making a square, two additional sticks were put across the midpoints of the four sticks. After 
that, the model picked up a final marshmallow using two new sticks and placed it in the middle of the 
crossed sticks. This marshmallow was then picked up again using the sticks and placed in the zip lock 
bag. Model sex was balanced, with half the children watching a same sex model, and the remaining half 
watching an opposite sex model.

Procedure

All children were tested individually in a quiet room. The experimenter sat opposite the child at a small 
table. Before the testing session began, guardians were asked whether they commonly had marshmal-
lows in their house (Yes or No), and how frequently their children ate marshmallows (on a five- point 
Likert scale ranging from 1 = Never to 5 = Always).

F I G U R E  2  Screenshots of the video demonstrations and the sequence of the actions. The positioning sequence of the 
materials was as numbered.
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Familiarization

The testing session started with a warm- up phase to familiarize children with the premise that: (1) they 
were allowed to take any marshmallows home by putting them into a zip- lock bag and (2) to practise 
the use of the smiley- face Likert scale. Children were presented with a wooden box with a marshmallow 
placed inside. Once children opened the box, they were told that if they wanted this marshmallow, they 
could put it in the zip- lock bag to ‘bring it home’. To ensure adherence to ethical guidelines, children 
were instructed to store the marshmallows in the bag instead of eating them straight away to make sure 
consumption was at their guardian's discretion. After that, the experimenter took out the smiley- face 
Likert scale, explained the meaning of each face (for example: ‘the green happy face means you love 
something’), and asked children to indicate how much they liked the wooden box by pointing at one of 
the faces [similar to Roberto et al., 2010)]. Children were then randomly assigned to one of the following 
three conditions which are discussed in the following sections.

Condition 1: Tower building

After the warm- up phase, the experimenter introduced children to the task by saying ‘now I'm going to 
show you some videos, and then you can play with some fun stuff’ (full script can be seen in Appendix). 
The video was introduced by saying ‘now let's watch my friend building a tower’. The video demonstra-
tion was played on a 10.9- inch screen tablet. After watching the video twice, children were given the 
materials and told to ‘do whatever you want’. The same procedures were repeated for the second trial. 
Each trial ended when children indicated they were done or finished, or when children were unwilling 
to interact with the materials further. Non- directive verbal encouragement was given if a child was re-
luctant or shy; otherwise, the experimenter did not interact with children or react to their actions during 
the trials.

Condition 2: Marshmallow collecting

Procedures in this condition were the same as in the Tower Building condition with only one difference: 
the videos were introduced by saying ‘now let's watch my friend collecting marshmallows’.

Condition 3: Control

In this condition, the experimenter introduced children to the materials by saying ‘now I have some 
fun stuff here, and you can do whatever you want with them’. The same was repeated in the second 
trial.

In all these three conditions, children were reminded again before they interacted with the materials 
that if they wanted any marshmallows, they could place them in the zip- lock bag to take home.

After both trials, children were asked to indicate how much they like marshmallows by pointing to 
a face on the smiley- face Likert scale.

Coding

Children were scored on two measures for each test trial and in total: (1) the number of marshmal-
lows collected (children could score from 0 to 5 in each trial; instances where a few children ate 
marshmallows immediately were coded as being equivalent to collecting marshmallows), and (2) the 
cumulative number of target actions produced. Breakdown of the target actions measure included 
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the following: (a) same placement of each marshmallow as the experimenter (five scores in total), 
(b) same placement of each stick (six scores in total), and (c) same usage of two additional sticks in 
picking up the fifth marshmallow (one score). Coding was based on the location of the objects, not 
the sequence, given the sequence for placing the four marshmallows or the six sticks were trivial 
with respect to the action outcome. Hence, a child could score from 0 to 12 on this measure in each 
trial, and from 0 to 24 in total.

A second coder who was blind to the hypotheses of the present study and the conditions to which 
children were assigned coded 15% of the videotapes independently. Intraclass correlation coefficients 
(Shrout & Fleiss, 1979) indicated very good agreement between the two coders on the total number of 
actions imitated (r = .99) and the total number of marshmallows collected (r = .99). The current study 
was pre- registered and can be accessed here: https://osf.io/7qcfn/ ?view_only=d3737 d415b 67473 887c6 
c99bb 0e2eab4. Processed data and video demonstrations can be accessed here: https://osf.io/k45f6/ 
?view_only=a91dd 1cdd2 8e467 59ea8 6e499 10389b6.

R ESULTS

As a snapshot of participants' preferences, 82% of the children tested reported liking marshmallows 
Very Much (five out of five on the Likert scale), 54% of children did not commonly have marshmallows 
in their house, and the overwhelming majority either rarely (41%) or sometimes (53%) ate marshmal-
lows. This suggests the rewards were highly desirable yet not frequently available.

Marshmallow collection and imitation scores were treated separately. Preliminary analyses 
showed no effect of sex, preference for marshmallows, whether children commonly had marshmal-
lows at home or not, and how often children ate marshmallows, therefore these variables were not 
considered further.

Marshmallows collected

A mixed- factorial analysis of co- variance (ANCOVA) examined how video type (single vs. consensus) 
and condition (Tower Building vs. Marshmallow Collecting) affected the total number of marshmal-
lows collected by children with age as a covariate (see Figure 3). There was a significant interaction ef-
fect of video type on condition (F [1, 64] = 4.59, p = .036, �

p

2 = 0.07), indicating that video type elicited 
more difference between conditions when observing a single model compared with when observing a 
group consensus (interpretation based on model estimated marginal means and 95% confidence inter-
vals as shown in Figure 4, see Garofalo et al., 2022). There was no significant main effect of video type 
(F [1, 64] = 0.36, p = .552) or condition (F [1, 64] = 0.53, p = .469), nor a significant effect of age (F [1, 
64] = 1.63, p = .206). This finding suggests that video type had a differential impact on the two condi-
tions. Furthermore, the reward retrieval of children across all age groups was contingent on whether 
they had observed a single model or a group consensus.

A breakdown of reward retrieval in the Control condition suggests that around half of the chil-
dren spontaneously collected all the marshmallows, with the rest collecting none or only a few (see 
Figure 5). The number of children who collected all marshmallows was compared among conditions 
(see Table 2). A Pearson's χ2 test of independence showed a significant main effect of condition, 
χ2(2) = 6.56, p = .038, Cramer's V = 0.26. Follow up pair- wise comparisons using Bonferroni- adjusted 
α levels of .025 per test (.05/2) showed a significant difference between the Tower Building and the 
Control condition, χ2(1) = 5.53, p = .019. There was no significant difference between the Marsh-
mallow Collecting and the Control conditions, χ2(1) = 3.39, p = .065. Thus, significantly fewer chil-
dren chose to maximize their reward in the Tower Building condition than that in the Control. In 
contrast, a similar proportion of children maximized their gain in the Marshmallow Collecting 
condition.
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Imitative fidelity

A mixed- factorial analysis of variance (ANOVA) examined how video type (single vs. consensus) and 
demonstration condition (Tower Building vs. Marshmallow Collecting) affected the total number of 

F I G U R E  3  The number of marshmallows collected in both conditions by video type. Error bars represent plus or minus 
two SEs from the mean.

F IG U R E  4  Interaction effect between video type and condition. Error bars represent 95% confidence intervals of the mean.
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actions replicated by children (see Figure 6). There was no significant main effect of age, video type 
and condition, F (1, 57) = 0.02, p = .892; F (1, 57) = 0.01, p = .928; F (1, 57) = 0.20, p = .658, respectively. 
Additionally, there was no significant interaction effect. This suggests that regardless of the framing of 
the task, children displayed equivalently high levels of imitative fidelity. Also, the added social pressure 
did not elicit different imitative behaviour.

A breakdown of the specific actions copied in both experimental conditions indicates that on 
average children replicated most of the marshmallow positioning actions (M = 86%, SD = 28%) and 
the stick- positioning actions (M = 70%, SD = 35%). Children collected marshmallows in the same 
way as the model (using two sticks; M = 53%, SD = 48%) and correctly positioned the fifth marsh-
mallow on top (M = 49%, SD = 43%) around half of the time. There was no significant difference 
in children's imitation of each category of the action sequence between the two demonstration con-
ditions. A one- way ANOVA indicated a significant main effect of condition on imitative fidelity, F 
(2, 96) = 59.80, p < .001, η2 = 0.56. Post- hoc comparison using Turkey's HSD revealed children in the 
Control condition (M = 2.90. SD = 4.09) produced significantly fewer target actions compared with 
those in the Tower Building (M = 18.00. SD = 6.51, p < .001) or the Marshmallow Collecting condi-
tions (M = 17.23. SD = 6.76, no difference from the Tower Building, p = .999). This suggests that the 
designed action sequence is unlikely to be produced by children spontaneously without observing 
the demonstration.

F I G U R E  5  Distribution of the number of marshmallows collected in the three conditions across both trials.

T A B L E  2  Descriptives of the number of marshmallows collected in all conditions across both trials.

Condition Mean SE
Mean 95% CI 
[LL, UL]

Percentage of 
collecting 10

Of those collecting less than 10

Mean SE Min. Max.

TB 2.63 0.55 [1.51, 3.75] 14 1.40 0.22 0 5

MC 3.28 0.63 [1.99, 4.57] 19 1.73 0.32 0 6

Control 4.60 0.85 [2.86, 6.34] 40 1.00 0.40 0 5

Note: LL and UL represent the lower limit and upper limit of the mean confidence interval, respectively. TB and MC represent the Tower 
Building and the Marshmallow Collecting conditions, respectively.
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Overall, there was a negative correlation between imitation score and the number of rewards col-
lected by children (r = −.20, p = 0.046), this is in line with our study design to pit imitative fidelity 
against reward retrieval. Children who collected all marshmallows imitated to a similarly high extent 
(PTB = 14%, PMC = 19%, M = 16.45, SD = 8.73) as those who collected fewer marshmallows in both ex-
perimental conditions (M = 17.86, SD = 6.42, t [65] = 0.62, p = .535, d = 0.21), there being no difference 
between conditions (t [9] = −.84, p = .778). Given marshmallows were used as building blocks in the 
tower construction actions, this finding suggests that children prioritized imitation and collected the 
rewards afterwards by taking the tower apart.

DISCUSSION

Research into children's imitative flexibility has yielded many novel insights into the social and cogni-
tive proclivities of developing children, and by extension the evolution of some of the core traits of our 
species (Hoehl et al., 2019; Legare & Nielsen, 2015). However, most of this work has utilized protocols 
that involve opening puzzle boxes, and tasks that involve little incentive for learners to deviate from a 
modelled action sequence. This constrains our knowledge of children's developing social learning ten-
dencies. To begin addressing this gap, we designed a novel task in which replication of modelled actions 
was pitted against retrieval of an easily accessible, desirable food reward. Our primary finding was that 
despite comparable imitative fidelity in the two demonstration conditions, children were more likely to 
deviate from the modelled actions of collecting the top marshmallow only and seek greater reward when 
the goal was to ‘collect marshmallows’, especially when the social pressure to conform was weaker. In 
contrast, when the supposed intended outcome did not involve accessing the available food rewards (i.e., 
to ‘build a tower’), children elected not to retrieve them. This highlights how ostensive goals and social 
pressure guide children's social learning behaviours, and imitation can be directed by different motiva-
tions, even in ways that are costly.

F I G U R E  6  The number of actions replicated in both conditions by video type. Error bars represent plus or minus two 
SEs from the mean.
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That children in the Marshmallow Collecting condition were equivalently likely to re- enact the 
demonstrated actions with high fidelity as those in the Tower Building Condition is somewhat surpris-
ing. In the Marshmallow Collecting condition, the demonstrated building actions were not only un-
necessary to the stated goal of collecting marshmallows but also seemingly impeded this. Past research 
has shown that providing a clear purpose for an instrumental task induces selective imitation where 
children are inclined toward the most efficient means of completing a task (Fong et al., 2021; Gergely 
et al., 2002; Williamson & Markman, 2006; Wohlschläger et al., 2003). Children also exhibit payoff- 
biased social learning and are less likely to adopt the model's solution when this limits their reward gain 
(Burdett et al., 2022; Vale et al., 2017). This predicts children would have copied less when the actions 
were contradicting the goal of collecting marshmallows, but they did not. A potential explanation for 
this finding may be that the tower- building actions lacked an underlying reason for their execution 
when the goal was to collect the rewards. Arbitrary actions like these could have signalled convention-
ality, priming children to imitate more faithfully than they otherwise might (Boyer & Liénard, 2006; 
Legare et al., 2015; Nielsen et al., 2018). This finding thus highlights the importance of detailing the mo-
tivations underpinning children's social learning responses in any given task and for identifying when 
action sequences and their associated goals are treated as instrumental versus when they are treated as 
conventional. Furthermore, being presented with a novel task by an unfamiliar adult in an unfamiliar 
experimental setting may have triggered children to want to ‘do well’, potentially creating a sense of ob-
ligation to follow through with the observed actions (Hoehl et al., 2019). Future studies would benefit 
from reducing situational expectations by utilizing more naturalistic settings.

Although children in the two demonstration conditions imitated with comparable fidelity, those 
in the Tower Building condition tended to replicate what the model had done and stop at completion, 
maintaining the integrity of the tower, whereas those in the Marshmallow Collecting condition tended 
to copy the modelled sequence but then break parts or all of the tower to collect more treats. Specifi-
cally, when the purpose of the task was to ‘build a tower’, significantly fewer children collected the max-
imum number of marshmallows available compared with the Control condition. This highlights how 
children's inclination to follow through with the intended goal detailed by others can be so strong that 
it will pull them away from an attractive reward to complete a largely useless task. This was especially 
the case when children were observing only a single model, thereby receiving minimum social pressure 
to conform and copy all of the actions demonstrated, including the collection of one marshmallow that 
had no bearing on the task goal of building a tower. Such findings point to the potential costliness of 
imitation when the task goal is directed towards something other than, or even contradictory to, the 
child's own interest.

Children who were told the aim was to collect marshmallows ultimately retrieved all marshmallows 
at rates similar to those in the no demonstration condition. This is consistent with studies showing that, 
under certain circumstances, children will deviate from a demonstrated outcome, developing their own 
solutions to achieve better outcomes (Fong et al., 2021; Keupp et al., 2016; Schulz et al., 2008). That 
is, when the model's approach aligns with the child's objective, children are able to flexibly adapt the 
observed method to eliminate the potential cost of imitating. Nevertheless, there is perhaps some pos-
sibility that children may not have fully understood or remembered the task goal, which was stated only 
once before showing the video demonstrations. Future studies could reiterate the goals multiple times 
and include a post- experiment test evaluating children's recall of the task goal.

Children's social learning flexibility was also illustrated by their responses to different levels of social 
pressure. When observing a single model, children's reward retrieval aligned more with the stated task 
goal: children collected more rewards when told the goal was to do so, but collected fewer rewards and 
thus focused more on the building process when told the goal was to build a tower. However, when 
watching a group consensus, the difference between the two conditions disappeared as children tended 
to copy closely what the model did, therefore restricting reward retrieval in the Marshmallow Collect-
ing condition but increasing reward gain in the Tower Building condition. This pattern corresponds 
with previous studies examining the impact of group consensus on children's conformity, where young 
children were found to show a tendency for adopting the behaviours or choices endorsed by a group 
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(Corriveau et al., 2009; Fusaro & Harris, 2008). Taken together, the disparate outcomes of reward re-
trieval between the two experimental conditions highlight the adaptable and context- sensitive nature of 
children's imitative responses, which depend on both task goals and the level of social pressure exerted 
upon them.

Despite marshmallows being considered a highly rewarding food item, the current paradigm may 
have restricted the expected impact of this incentive. While nearly all children reported liking marsh-
mallows very much and were happy to take all the marshmallows home when asked at the end of the 
experiment, only half of those in the Control condition collected all marshmallows. A potential ex-
planation was that marshmallows were indeed an attractive reward, however, given the settings of the 
study, children may have been hesitant to take them. Children in Western cultures are generally taught 
by their caregivers to be mindful of their sugar intake and to treat food with care (Eck et al., 2018; Prada 
et al., 2021). This could have led children to refrain from taking marshmallows, especially when they 
were accompanied by their parents during the experiments. Therefore, it would be valuable to evaluate 
how children respond if their access to treats in any form is rare, be that due to cultural or economic 
constraints. Additionally, as an ethical consideration aimed at reducing potential caregiver fears about 
sugar consumption, we elected to have the marshmallows be rewards children could take home and not 
be consumed immediately. It is possible this impacted their reactions as young children tend to discount 
the value of a delayed reward (Green et al., 1994; Lee et al., 2013). Children may respond differently if 
they can eat any treats straight away rather than being forced to wait, especially if a timer is imposed 
whereby any treats not retrieved are forsaken.

Taken together, our results show that when told the goal was to build a tower, children focused on 
doing so as shown, even though this meant forsaking considerable portions of a treat they themselves 
identified as desirable. Though they still copied what the model did, if told the aim was to collect marsh-
mallows, the children extended what was shown and developed their own methods, thereby gaining 
rewards in the process. These findings are in line with notions that children's social learning approaches 
are built on shared intentionality and goals (Carpenter, 2006; Tomasello et al., 2005), and highlight that 
children's drive to imitate in adherence to shared goals can outweigh their personal gain. Our findings 
are also consistent with a view of children's social learning as dynamic, driven by their understanding of 
multiple aspects of the task (Keupp et al., 2018).

Taking account of both children's learning of the intended method and reward retrieval separately 
affords important insights into children's social learning behaviour. By attending to children's learning 
of the method, we note that the motivations underlying their high- fidelity copying of the demonstrated 
process across two conditions may be different— one as faithful re- enactment of steps to construct a 
tower, another as faithful replication of a new convention to collect marshmallows. On the other hand, 
children behaved differently in terms of the material outcome according to different task goals and lev-
els of social pressure to conform. These findings illustrate children's high flexibility in adjusting their 
social learning responses according to particular task demands and in consideration of both action pro-
cesses and task end- goal. This is a hallmark of the evolution of cumulative culture, one of the defining 
features of our species, and one that we see here in place relatively early in development.
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A PPEN DI X 
FULL SCRIPT OF THE TESTING PROCEDURE
Before the experiment begins, the experimenter explains briefly to the guardian(s) that this study is 
about studying children's social learning behaviour and what would they do when there's a cost to what's 
been shown to them.

The experimenter then asks the guardian(s) to not tell the child what to do during the game and hands 
the guardian(s) the demographics form.

Warm- up phase
The study begins with the child sitting across from the experimenter at the table.
Experimenter Look, I have a box here (taking out the warm- up box and putting it on the table, facing the 
child ), would you like to open it for me?

The child proceeds to open the box with the experimenter offering assistance if needed.
Experimenter Look, what's inside? A yummy marshmallow! If you want it, you can put it in this bag 
(takes out the zip- lock bag and opens the bag for the child ). This way, you can bring it home with you! Remember, 
you can't eat it now, but you can eat it later, and promise me you'll ask Mom/Dad/etc. before you eat, 
okay?

Ensure that the child acknowledges and responds to the instruction.
Experimenter Now the bag is yours! Let me put your bag here (put it on the right side of the table). If you 
want any marshmallows, you can always put them in here. Now, I've got some faces here (taking out the 
smiley- face Likert scale), the green happy face means you love something, this light green face means you 
like something, this yellow face means you are unsure, this orange sad face means you don't like it, and 
this red sad face means you hate it (demonstrates each face while explaining). Can you tell me how much you 
like this box by pointing to these faces?

The child points to one of the faces.

Testing phase
Experimenter Well done! Now I'm going to show you some videos, and after that, you can play with 
some fun stuff, okay?

Experimenter puts the box and the smiley- face scale away and takes out the iPad.
Experimenter Now let's watch my friend building a tower/ collecting marshmallows.
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If the child doesn't pay attention while the video is playing, the experimenter instructs the child to 
watch carefully. After finishing watching the video once, the experimenter instructs “Let's watch her/
him build a tower/collect marshmallows again” and play the video again, then,
Experimenter skip to this step if it's the control condition Well done! Now I've got some fun stuff here 
(takes out the testing materials), and you can do whatever you want with them. Remember, if you want any 
marshmallows, you can put them in this bag. Are you ready? Let's go!

If the child doesn't touch the materials within 10 s, the experimenter gives the prompt to start: “Why 
don't you try? It's your turn.”

After the child indicates they are done or stops interacting with the materials for 20 s,
Experimenter Are you finished? Good job! Let's watch some videos and play with some fun stuff 
again, shall we (puts away the materials and takes out the iPad)? Let's watch my friend build a tower/
collect marshmallows!

If the child doesn't pay attention while the video is playing, the experimenter instructs the child to 
watch carefully. After finishing watching the video once, the experimenter instructs “Let's watch her/
him build a tower/collect marshmallows again” and play the video again, then,
Experimenter skip to this step if it's the control condition Well done! Now here's some more fun stuff, and 
you can do whatever you want with them. Remember, if you want any marshmallows, you can put them 
in this bag. Are you ready? Let's go!

If the child doesn't touch the materials within 10 s, the experimenter gives the prompt to start: ‘Why 
don't you try? It's your turn.’

After the child indicates they are done or stops interacting with the materials for 20 s,
Experimenter Are you finished? You did so well! Now can you tell me how much you like marsh-
mallows by pointing to these faces? The green happy face means you love something, this light green 
face means you like something, this yellow face means you are unsure, this orange sad face means you 
don't like it, and this red sad face means you hate it (make face while explaining). Can you tell me how much 
you like marshmallows by pointing to these faces? Good job! You are all finished!
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