Journal of Experimental Child Psychology 191 (2020) 104702

Contents lists available at ScienceDirect

Journal of Experimental Child
Psychology
journal homepage: www.elsevier.com/locate/jecp

Preschool children overimitate robots, but do so
less than they overimitate humans
Kristyn Sommer a,b,⇑, Rebecca Davidson a, Kristy L. Armitage a,
Virginia Slaughter a, Janet Wiles b, Mark Nielsen a,c
a

Early Cognitive Development Centre, School of Psychology, University of Queensland, Brisbane, QLD 4072, Australia
ARC Centre of Excellence for the Dynamics of Language, School of Information, Technology and Electrical Engineering, University
of Queensland, Brisbane, QLD 4072, Australia
c
Faculty of Humanities, University of Johannesburg, Auckland Park 2006, South Africa
b

a r t i c l e

i n f o

Article history:
Received 8 January 2019
Revised 15 August 2019
Available online 27 November 2019
Keywords:
Overimitation
Children
Humanoid robot
Developmental cybernetics
Social learning
Human robot interaction

a b s t r a c t
Past research has indicated that young children have a propensity
to adopt the causally unnecessary actions of an adult, a phenomenon known as overimitation. Among competing perspectives,
social accounts suggest that overimitation satisfies social motivations, be they affiliative or normative, whereas the ‘‘copy-all/refin
e-later” account proposes that overimitation serves a functional
purpose by giving children the greatest opportunity to acquire
knowledge with little error. Until recently, these two accounts
have been difficult to extricate experimentally, but the development of humanoid robots provides a novel test. Here we document
that children overimitate robots, but to a lesser degree than
humans and regardless of whether the redundant actions are seen
to be ritualistic or functional. These results are best explained with
a combined account of overimitation, whereby children approach a
learning task with a copy-all/refine-later motivation, but the fidelity of the reproduction of novel behaviors is modulated by the
social availability of the demonstrator.
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Introduction
No matter the environment in which they develop, children grow up surrounded by numerous
objects and artifacts they must learn to use and explore, whether for functional/survival reasons
or to demonstrate awareness of the normative behavior of their cultural in-group. Such learning
can occur in many ways and follow multiple processes, but one of the most effective and powerful
is imitation—reproducing the means, goals or intentions, and outcomes of another’s actions (Want &
Harris, 2002). For many authors, imitation forms a critical bedrock for unique aspects of human cognitive and cultural evolution to develop (Henrich, 2015; Legare & Nielsen, 2015; Whiten, McGuigan,
Marshall-Pescini, & Hopper, 2009). Critically, imitation permits a vast array of skills and behaviors to
be transmitted from generation to generation while avoiding the risks and potential costs associated
with individual learning (Legare & Nielsen, 2015; Whiten & van de Waal, 2018). It is predicted that
robotic teachers will be increasingly integrated into the homes and classrooms of young children.
Investigating whether children can learn from robots, and if so to what extent, is integral for our
understanding of how well this new technology works as a teaching agent and, hence, the impact
it might have on the way children acquire novel information. Yet there has been little empirical
investigation of these issues. The aim of the research presented here, thus, was to provide first data
on how young children approach learning functional and culturally oriented object-directed actions
from a robot.
Infants can learn how to use novel objects by watching and copying what others do with them
from the middle of their first year (Barr, Dowden, & Hayne, 1996; Meltzoff, 1988). By 2 years of age,
the proclivity to learn by observing others begins to intensify to the extent that children will copy
obviously causally irrelevant actions, in what has come to be known as overimitation (for a recent
thorough literature review, see Hoehl et al., 2019). For example, Nielsen and Tomaselli (2010) had
an experimenter show children aged 2–13 years how to retrieve a toy from a closed box (e.g., by
pushing open a trap door). Although the box could easily be opened by hand, the adult complicated
the demonstration by swiping a miscellaneous object across the top of the box in a causally irrelevant manner and then using the same object to open the box. Children replicated the model’s object
use and incorporated the causally irrelevant actions into their response and, suggesting this phenomenon is not culturally specific, did so regardless of whether they lived in a large, industrialized
Western city or in a remote Bushman community of the Kalahari Desert. Further research has established that children’s inclination to overimitate increases with age (Marsh, Ropar, & Hamilton, 2014;
Nielsen & Tomaselli, 2010), persisting into adulthood (Flynn & Smith, 2012; McGuigan, Makinson, &
Whiten, 2011).
Since the initial studies documenting overimitation were published (Horner & Whiten, 2005; Lyons,
Young, & Keil, 2007; Nielsen, 2006), many studies have replicated and extended our understanding of
this phenomenon (e.g., Burdett, McGuigan, Harrison, & Whiten, 2018; Clay & Tennie, 2018). What
remains a topic of ongoing debate are efforts to determine why this behavior exists. Initial explanations
focusing on immature causal encoding systems (Lyons et al., 2007; Lyons, Damrosch, Lin, Macris, & Keil,
2011) have not stood up to empirical scrutiny (Keupp, Bancken, Schillmöller, Rakoczy, & Behne, 2016;
Keupp, Behne, Zachow, Kasbohm, & Rakoczy, 2015). More robust views have championed perspectives
that overimitation functions to satisfy social motivations, be they affiliative or normative (for a review,
see Hoehl et al., 2019). In a study highlighting the social nature of overimitation, preschool-aged children
observed two models open a novel box: one who included redundant actions during the demonstration
and one who did not (Nielsen & Blank, 2011). One of these models subsequently left the test space, and
children were allowed access to the box. Children replicated the actions of the model who was present;
that is, if the model who had included redundant actions remained, these actions were copied, but the
actions were omitted if the more functional model remained. Nielsen and Blank (2011) concluded from
these findings that children overimitate for affiliative reasons. Other studies have shown that children
will actively protest a protagonist omitting a causally irrelevant action after having seen it being modeled and will do so even after stating that they understand the irrelevant action to be unnecessary for
achieving the modeled goal (Kenward, 2012; Keupp, Behne, & Rakoczy, 2013). Here the authors concluded that children overimitate for normative reasons.

K. Sommer et al. / Journal of Experimental Child Psychology 191 (2020) 104702

3

A viable alternative to the social/affiliative accounts is the ‘‘copy-all/refine-later” perspective
(Whiten et al., 2009; Whiten, Horner, & Marshall-Pescini, 2005). According to this account, overimitation arises because we are exposed to such a wide variety of objects and artifacts that it has
become a default strategy to reproduce with high fidelity much of any behavioral repertoire we
see enacted. With extended direct interaction with reality, redundant or causally irrelevant components subsequently can be weeded out. This proposal has received far less empirical attention than
the social/affiliative accounts previously detailed. Shedding some light, McGuigan and Robertson
(2015) presented 3- and 4-year-old children with irrelevant action demonstrations by either a group
of peers or puppet models, reporting that the puppet models were overimitated at lower rates than
the peer models. If a copy-all/refine-later approach was the driver, rates should have been the same,
at least initially. However, when compared with human models, puppets are distinctly smaller,
move in ways that lack direct biological correspondence, and do not provide ostensive communicative cues. These features may be enough to quarantine children from initiating their default social
learning reactions.
Thus, in the current study, we employed a humanoid robot comprising a body of comparable size to
an adult human and capable of engaging in fine motor movement and exhibiting ostensive communicative cues. If the copy-all/refine-later approach has traction, children should replicate actions modeled by the robot at comparable rates to those modeled by a human agent. Alternatively, if social
accounts more holistically explain overimitation, children should replicate the actions modeled by
the human more than those modeled by the robot.
Furthermore, rates of overimitation have been shown to be heightened when the apparent goal
(i.e., what a modeling agent is trying to achieve) of the action sequence is unclear, thereby making
the entire sequence of actions ‘‘ritualistic” rather than functional (e.g., Nielsen, Kapitány, & Elkins,
2015). That is, rituals tend to feature actions that are both causally opaque, affording no access to
a physical causal mechanism, and goal demoted, affording little to no insight into the motives of
the ritual actor (see Kapitány, Davis, Legare, & Nielsen, 2018; Kapitány & Nielsen, 2015, 2017). It
has been speculated that overimitation is a means by which children show social and cognitive preparedness to adopt the ritualized behaviors (Nielsen, 2018, 2019; Rossano, 2012, 2017), something
that is heightened commensurate with a reduction in the obviousness of the goal of the actions performed. Highlighting this, Nielsen, Tomaselli, and Kapitány (2018) employed an overimitation task
with children living in remote Bushman communities in Southern Africa. For some children, the
actions culminated in a clear goal being achieved (i.e., a desirable sticker was retrieved); for other
children, the goal was not made clear (e.g., the sticker was available but not retrieved) or removed
entirely (i.e., there was nothing to retrieve). Children consistently replicated the causally irrelevant
actions, but the irrelevant actions were reproduced at significantly higher rates and featured considerable additional repetition when there was no goal. The most ritualistic and least instrumental
actions were reproduced at the highest rates.
Investigating ritualistic actions should further support the social account. If the social account is
correct, children will imitate the ritual actions with greater frequency because children are motivated
to demonstrate their adoption of normative group behaviors. To investigate whether more ritualistic
actions are treated differently than those having more functional outcomes, we presented children
with matched actions that either led to a clear outcome (i.e., retrieval of a toy from a box) or did
not lead to a clear outcome. In line with Nielsen et al. (2018), we expected that children would imitate
the actions modeled by the human more than those modeled by the robot when these appeared to be
ritualistic rather than instrumentally motivated.

Method
Preregistration
An initial design was preregistered on the Open Science Framework on December 8, 2017 (https://
osf.io/cfq4k/?view_only=21bd29ce5c764ae9b916206c07dcf97b). Any changes from this registration
are noted below.
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Participants
A final sample of 80 children (40 boys and 40 girls) aged 4–6 years (M = 5 years, SD = 0.78) participated in this experiment. A further 5 participants were tested but excluded due to failing to engage
with the tasks (n = 2), technical issues (n = 2), or experimenter error (n = 1). Participants were predominantly Caucasian (70.1%), with the remainder being Asian (6.3%), African (3.8%), or unreported (20%).
The majority of participants were recruited when entering or exiting a local science museum. One participant was recruited from an existing list of parents interested in having their children participate in
research and was tested in a university research facility. We chose this age group because it covers a
developmental period when children are increasingly inclined to overimitate, have been shown to be
capable of copying models on screens at equivalent levels to live models, and are being increasingly
exposed to robots in classroom environments (Belpaeme, Kennedy, Ramachandran, Scassellati, &
Tanaka, 2018).
Humanoid robot
The robot used in this study is a custom-built research platform (Fig. 1). The RUBI-6 robot was built
for close proximity social interaction with toddlers (Johnson, Malmir, Forster, Alac, & Movellan, 2012).
The mechanical components of the RUBI-6 robot comprise two arms with six degrees of freedom and a
head with three degrees of freedom (pitch, yaw, and roll). This robot has a digital animated cartoon
face, and the torso sits atop a wide drivetrain. The robot is capable of, and highly successful in, social
interaction with very young children (Malmir, Forster, Youngstrom, Morrison, & Movellan, 2013;
Movellan, Eckhardt, Virnes, & Rodriguez, 2009; Tanaka, Movellan, Fortenberry, & Aisaka, 2006). The
RUBI-6 robot possesses phenomenally precise object manipulation and a great capacity for fluid
motion that is often missing in both commercially available robots and other robotic research
platforms.
In the current study, the RUBI-6 robot was programmed to perform the actions required and then
filmed completing the actions in front of a blue screen. Due to the location of the robot and our local

Fig. 1. RUBI-6 robotic research platform.
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testing site’s health and safety restrictions, we were unable to conduct the experiment with a live
robot. It is for this reason that all demonstrations by both the human and robot were performed via
video rather than live.
Apparatus
The test apparatus was a small yellow wooden box (15  20  7 cm). The box had a hinged lid that
opened upward. Attached to the top of the lid was a blue protruding wooden edge, such that lifting the
protruding edge also lifted the top of the box. A 32-cm-long red dowel used for performing actions
was presented to the child on a black mat alongside the box. In conditions where a goal was present,
a wooden toy car was stored inside the box.
Procedure
After agreeing to participate, the child and parent were escorted into the allocated testing area. The
parent first completed a consent form and a demographics survey. The child was then asked to sit on
the ground facing the researcher, with the apparatus hidden from sight. The child was then randomly
allocated to one of the four following conditions.
Human overimitation
The child was shown a video of a human model performing a sequence of actions to retrieve a toy
car from the test apparatus (Table 1). The video was presented to the child on a 12.3-inch tablet. In the
video, the model picked up a red dowel, used the dowel to tap three times on the lid of the closed test
apparatus (Tapping Behavior 1), used the dowel to lift the lid of the test apparatus (Box Opening
Behavior), and then tapped three times on the inside of the open test apparatus (Tapping Behavior
2), finally reaching into the box to retrieve the car (Reaching Behavior). A 5-s blank screen appeared
after the end of the video, during which the experimenter said, ‘‘Wasn’t that great? Let’s watch it
again.” The video was then presented to the child a second time. After the video finished, the experimenter passed the apparatus to the child and said, ‘‘Now it is your turn.” Each child was given 60 s to
engage with the apparatus. If the child appeared to be finished within the 60-s time frame, the child
was asked, ‘‘Is there anything else you can show me, or are you finished?” The trial ended after 60 s
elapsed or after the child completed the sequence, verbally refused to continue participating, or said
he or she was finished.
Robot overimitation
This condition was identical to the human overimitation condition described above except that the
demonstrator was the previously described humanoid robot, RUBI-6, presented via video.
Human ritual
The child was shown a video of a human model performing a sequence of actions with no end goal.
The procedure and actions were identical to those described for the human overimitation condition
above except that the toy car was absent. Models performed the reaching behavior in the same
way as described for the overimitation conditions above, reaching into the box and withdrawing their
hand as if the toy had been retrieved, but no physical toy was present.
Robot ritual
This condition was identical to the human ritual condition described above except that the demonstrator was the humanoid robot, RUBI-6, presented via video.
Coding and reliability
Coding was conducted for all children’s behavior from footage recorded during testing. Behavior
was coded for four separate actions. Tapping Behavior 1 was coded as the total number of taps with
the dowel on the top of the box. The Box Opening Behavior was coded as a fail (0) if children did not
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Table 1
Depiction of each behavior in the action sequence.
Overimitation

Ritual

Tapping Behavior 1

Box Opening Behavior

Tapping Behavior 2

Reaching Behavior

End State

Note. The human demonstrates the overimitation condition, and the robot demonstrates the ritual condition. To access video
stimuli, visit the Open Science Framework link (https://osf.io/cfq4k/?view_only=21bd29ce5c764ae9b916206c07dcf97b).

open the test apparatus or opened the test apparatus with their hands and was coded as a pass (1) if
children opened the test apparatus with the dowel. Tapping Behavior 2 was coded as the total number
of taps with the dowel inside the box. The Reaching Behavior was coded as a fail (0) if children did not
reach into and then extract their hand from the test apparatus and was coded as a pass (1) if children
did reach into and then extract their hand from the test apparatus (retrieving the toy in the overimitation condition only).
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It should be noted that the causal relevance of the box opening and reaching behaviors shifts from
causally relevant in the overimitation condition to causally irrelevant in the ritual condition. The shift
in relevance of the behaviors in the ritual condition is due to the absence of a goal. That is, in the ritual
condition the actions do not serve a functional purpose because there is no discernable goal conveyed
or achieved. The tapping behaviors are causally irrelevant across both conditions because they do not
serve a functional purpose irrespective of the presence of an overall final goal.
A second coder independently observed and coded behavior for a random subset (20%) of the sample. According to two-way mixed, consistency, absolute agreement intraclass correlation coefficient
(ICC) (McGraw & Wong, 1996), interrater reliability was in the excellent range for Tapping Behavior
1 (ICC = .99) and Tapping Behavior 2 (ICC = .95) (Cicchetti, 1994). According to Cohen’s kappa, interrater reliability was very high for the Box Opening Behavior (.90) and the Reaching Behavior (1.00).

Results
Following Nielsen et al. (2018), we chose to analyze the tapping behaviors in a separate analysis
from the box opening and reaching behaviors. This approach was adopted due to the causal relevance
of the actions across the two conditions. The tapping behaviors remained causally irrelevant regardless of condition and were analyzed as the focal dependent variable comparing the human and robot
across overimitation and ritual conditions.1
First we present the results of both tapping behaviors (with descriptive statistics presented in
Table 2), and then we present the results of the reaching behavior. Because tool use was exhibited
at close to ceiling levels in the box opening behavior across all conditions, we did not analyze this
behavior. Below we refer to our two predictors as agent type (human or robot) and goal presence
(overimitation or ritual). Fig. 2 depicts the mean numbers of times the first and second tapping behaviors were reproduced across conditions.
Children’s overimitation of both tapping behaviors was analyzed together in generalized linear
mixed models using the GLIMMIX procedure in SAS 9.3 (Stroup, 2016),2 with results summarized in
Table 3. The following full factorial model was analyzed on a Poisson distribution: Agent (human or
robot)  Goal Presence (overimitation or ritual)  Behavior (Tapping Behavior 1 or Tapping Behavior
2). All models also included a random intercept to account for individual participant differences.
The full factorial main effects model (i.e., Model 1) revealed a significant effect of agent, indicating
that children’s imitation of the tapping behaviors was higher for the human agent than for the robot
agent, b = .85, t = 4.43, p < .001. A significant effect of behavior was also identified, indicating that children’s imitation was higher for Tapping Behavior 1 than for Tapping Behavior 2, b = .50, t = 5.02,
p < .001. There was no significant effect identified for goal presence, b = .06, t = 0.33, p = .742.
Model 2 examined whether imitation of the tapping behaviors varied as a function agent and goal.
This was accomplished by including a two-way interaction term involving these variables in the main
effects model. As in Model 1, Model 2 contained significant main effects of agent and behavior (see
Table 3). Model 2 did not contain a significant interaction of agent and goal, F = 1.04, p = .310.
In addition to investigating the preregistered hypotheses around the tapping behaviors, we also
coded and analyzed children’s reaching behavior (Reaching Behavior). Fig. 3 indicates the spread of
1
We acknowledge that overimitation can be coded in various ways, including continuous and binary approaches. In response to
feedback provided during the review process and to facilitate comparison across these different approaches, we added analysis of
overimitation coded as a binary variable, with Tapping Behavior 1 and Tapping Behavior 2 recorded as either 1 (one or more
repetitions of the action) or 0 (no imitation of the action). Generalized linear mixed models employing a binary distribution were
conducted to explore children’s overimitation behaviors. The results of this analysis were comparable to those of the main analyses
and, therefore, are not discussed.
2
The initial study plan specified using between-groups analyses of variance to explore our hypotheses. However, upon revision
it was identified that a more statistically appropriate analysis was available. Because the tapping behavior was discrete count data
rather than classical continuous data, it was decided that the data be fit to a Poisson distribution in a generalized linear model.
Furthermore, because the tapping behavior occurred twice, and in light of the findings of Nielsen et al. (2018) that tapping
behaviors increase in frequency from the first instance to the second instance, we included both tapping behaviors in a single
analysis and incorporated a random intercept of participant. As such, children’s tapping behaviors were modeled in a mixed
generalized linear model as a function of both fixed and random effects using the GLIMMIX procedure in SAS 9.4 (Stroup, 2016).
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Table 2
Descriptive statistics for children’s overimitation of the tapping behaviors.
Behavior

M (SD)

Range of taps

Tapping Behavior 1
Tapping Behavior 2

3.39 (4.93)
2.06 (2.69)

0–42
0–18

9
8

Mean number of acons

7
6
5
4
3
2
1
0
Human Overimitaon

Human Ritual

Robot Overimitaon

Robot Ritual

Fig. 2. Children’s mean imitations of the first (black bars) and second (white bars) tapping behaviors across conditions. Error
bars indicate standard errors.

Table 3
Fixed effects for children’s overimitation of the tapping behaviors.
Model 1

Model 2

Variable

b

SE

p

b

SE

p

Fixed effects
Intercept
Agent
Goal presence
Behavior
Agent  Goal Presence

.01
.85
.06
.50
–

.19
.19
.19
.10
–

.945
<.001
.742
<.001
–

.12
.85
.09
.50
F = 1.04

.21
.19
.19
.10

.565
<.001
.639
<.001
.310

.12
694.18

<.001

.44

Random effects
Intercept
Akaike’s information criteria

.45

.12
695.14

<.001

Note. An F score is listed where it was not possible to calculate a b score.

scores across both agent type and goal presence. A binomial logistical regression was performed to
ascertain the effect of agent type and goal presence on whether children performed the reaching
behavior. We found a significant model fit, v2(2) = 14.49, p = .002, indicating that the model with
predictors was better than the model without predictors. Agent type was a significant predictor of
children’s likelihood to reach inside the box, indicating that children were more likely to reach inside
the box if the demonstrating agent was human (Fig. 3). This was exemplified by an odds ratio of 2.34.
Goal presence was not a significant predictor of children’s reaching behavior, and there was no significant interaction between agent type and goal presence (see Table 4).
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Robot Overimitaon

Robot Ritual

Fig. 3. Children’s reaching behaviors across conditions.

Table 4
Logistic regression predicting likelihood of reaching behavior based on agent type and goal presence.

Agent type
Goal presence
Agent Type  Goal Presence

B

SE

Wald

p

Odds ratio

95% CI

.852
.247
.620

.371
.371
.371

5.276
0.443
2.799

.022
.506
.094

2.344
1.280
0.538

[0.13, 1.58]
[ 0.48, 0.97]
[ 1.35, 0.11]

Note. Positive values indicate a higher probability of reaching inside the box. CI, confidence interval for odds ratio.

Discussion
This study investigated preschool children’s capacity for overimitation of two different models, a
human adult and a humanoid robot. The primary aim of this study was to evaluate whether the social
or copy-all/refine-later perspective best explains young children’s overimitation behavior. We speculated that if the copy-all/refine-later account has traction, children should overimitate the causally
irrelevant tapping behaviors of both the human and robot comparably because children prioritize
learning the sequence of actions over the identity of model. Contrary to this, children replicated both
tapping behaviors following demonstration by a robot at lower rates than following demonstration by
a human. In addition, children were less likely to perform the final reaching behavior following
demonstration from a robot than from a human. This indicates that children have a specific agent preference in overimitation, lending greater support to social accounts.
Children appear to make decisions on what to copy and from whom, with these decisions not being
driven by an initial inclination to simply reproduce each action seen. It is notable, however, that children did reproduce some of the causally unnecessary actions demonstrated by the robot at reasonably
high rates. Children observed the tapping behaviors repeated three times each. Children in the robot
conditions replicated the tapping behaviors on average two times (compared with four to six times for
the human model). This suggests that potentially a combination of the copy-all/refine-later account
and the social affiliative account applies. Children may approach learning tasks from a copy-all/
refine-later stance and then modulate their direct replication of the task in response to the availability
of social cues and information. Thus, we propose that children employ a combined approach to learning, namely an approach we call ‘‘social-now/refine-later.”
Alternatively, Evans, Laland, Carpenter, and Kendal (2018) recently argued that children are not so
much ‘‘over-imitators” as they are ‘‘optimal imitators.” That is, they rapidly identify relevant actions in
instrumental tasks and will omit redundant ones unless there is sufficient social information (such as a
majority group’s unanimous demonstrations) to orient them toward following normative pressures to
copy behavior as the ‘‘way it is done.” This mirrors other explanations of overimitation that view the
phenomenon as arising from children’s perceptions that the actions demonstrated convey prescriptive
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norms (Kenward, 2012; Keupp et al., 2013). It is possible that when viewing a robot as a ‘‘not human”
agent, children can immediately bypass their proclivity to seek normative justifications for modeled
actions and instead focus on evaluating their instrumental efficacy. Because children will favor copying
the actions of a group over those of an individual (e.g., Wilks, Collier-Baker, & Nielsen, 2015), presenting
them with the choice of imitating multiple robot models performing a common action sequence or a
lone human model performing an alternative sequence would be a potentially illuminating test of this
account. Will children jettison the majority option when it is unlikely to be normative?
Contrary to the prediction that children would reproduce the causally irrelevant tapping behaviors
at higher rates when there was no goal available in the human condition, we found no difference
between overimitation and ritual in either agent condition. This conflicts with previous findings by
Nielsen et al. (2018) that children increased their replication of irrelevant behaviors in the absence
of a goal. However, there are several methodological differences that may help to explain the discrepancy in findings. The data in Nielsen et al. (2018) came from indigenous children living in remote parts
of Southern Africa, whereas our investigation focused on children from a large Western metropolitan
city. However, in previous studies with these two populations, no significant differences in overimitative behaviors were found (Nielsen & Tomaselli, 2010; Nielsen, Mushin, Tomaselli, & Whiten, 2014).
Furthermore, Nielsen et al. (2018) modeled the task live directly in front of the children. In contrast,
due to the logistical constraints of using the robot in a public space with small children, our model
appeared on a small screen. This may have decreased the social availability of the model and caused
children to respond differently. Given the strong emphasis on social affiliation for overimitation, and
even more so ritualistic behaviors, it is not unexpected that a screen demonstration and the lack of the
model’s physical presence may have decreased the rates of replication in the absence of a goal. This
move to having demonstrations presented on a screen might also explain why, overall, children produced significantly more of the first tapping actions than the second tapping actions. Because the first
action was followed by the box being opened, children may have been pulled to consider this action as
potentially having more functional purpose than the second tapping action. These issues highlight the
complexity arising from the interplay between specific actions, who presents the actions and the medium through which they are presented, and the need for ongoing investigation to determine the
actions’ relative influence.
Until now, we have known little about the social learning mechanisms that children employ when
learning with robots. This study suggests that children will overimitate robots, albeit with lower frequency than they will overimitate humans. This is important, suggesting that future placement of
social robots into learning environments should question whether any kind of learning is valuable
or only learning that is equivalent to what could be gained from human teachers. If the former is true,
a social robot will do; if the latter is true, a social robot will not do. Notably, our study failed, however,
to replicate an effect in the ritualistic component, which may be explained by a decrease in the social
affiliation of humans that appear on screens. This limitation may also apply to robots, such that robots
that appear on screens derive lower social affiliation from children. The presence of a live robot model
in an overimitation paradigm might increase the replication of causally unnecessary actions to match
that of a human model. If this prediction is upheld, this may provide further evidence to the socialnow/refine-later approach in that we may observe an increase of overimitation on the basis of social
availability of the model—of both the human nature and robotic nature.
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