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From preschool age, humans tend to imitate causally irrelevant actions—they over-imitate. This study investi-
gated whether children over-imitate even when they know a more efficient task solution and whether they
imitate irrelevant actions equally from a human compared to a robot model. Five-to-six-year-olds (N = 107)
watched either a robot or human retrieve a reward from a puzzle box. First a model demonstrated an ineffi-
cient (Trial 1), then an efficient (Trial 2), then again the inefficient strategy (Trial 3). Subsequent to each
demonstration, children copied whichever strategy had been demonstrated regardless of whether the model
was a human or a robot. Results indicate that over-imitation can be socially motivated, and that humanoid
robots and humans are equally likely to elicit this behavior.

Imitation plays a crucial role in social interactions
and provides a highly effective strategy for acquiring
new skills, behaviors, and norms (e.g., Jones, 2009;
Meltzoff & Marshall, 2018; Tomasello, Carpenter,
Call, Behne, & Moll, 2005). In contrast to nonhuman
primates, human children even copy actions that are
perceivably irrelevant to attain a given goal (Clay &
Tennie, 2017; Horner & Whiten, 2005). This phe-
nomenon is called over-imitation (henceforth "oi";
Lyons, Damrosch, Lin, Macris, & Keil, 2011; Lyons,
Young, & Keil, 2007) and has typically been investi-
gated using a paradigm in which participants first
watch a model retrieving a reward from a puzzle
box using a combination of irrelevant actions (e.g.,

tapping on the surface of the box) and relevant
actions (e.g., opening a lid to retrieve a reward).
After observing the model demonstrating irrelevant
and relevant actions, children (McGuigan & Whiten,
2009; Nielsen & Tomaselli, 2010) as well as adults
(Flynn & Smith, 2012; McGuigan, Makinson, &
Whiten, 2011; Whiten et al., 2016) tend to copy both,
relevant and irrelevant actions, thus applying an
inefficient strategy. Crucially, we only speak of oi, if
irrelevant actions are performed more frequently fol-
lowing a social demonstration than spontaneously
(i.e., in a baseline condition without prior demonstra-
tion; Hoehl, Zettersten, Schleihauf, Gr€atz, & Pauen,
2014; Lyons et al., 2007, 2011).

Several explanations for the phenomenon of oi are
discussed in the literature (for an overview see Hoehl
et al., 2019). While some accounts suggest that chil-
dren over-imitate because they erroneously inter-
pret all intentional actions as being causally relevant
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(Lyons et al., 2011), others emphasize potential social
motivations: Children may want to affiliate with
another person (Nielsen & Blank, 2011), or they may
assume that the demonstrated actions are normative
(Kenward, 2012; Kenward, Karlsson, & Persson, 2011;
Keupp, Behne, & Rakoczy, 2013). Some integrative
accounts suggest that children’s imitation strategies
are flexible; they can depend on the goal that domi-
nates in a given situation (Over & Carpenter, 2012) or
on previous experiences (Williamson & Meltzoff,
2011; Williamson, Meltzoff, & Markman, 2008). Chil-
dren may follow an instrumental goal based on the
motivation to reach the reward, or they may follow a
social goal based on the motivation to, for example,
please the experimenter or to create a social bond with
the experimenter. They may also follow a combination
of social and instrumental goals. It is assumed that the
activation of a social goal enhances children’s oi and
increases their sensitivity to cultural information, such
as rituals, conventions or norms (Over & Carpenter,
2012). Interestingly, in some circumstances children
also tend to copy precise means when they had initial
instrumental goals. Children who first manipulated
an object on their own and thereby had a more diffi-
cult prior experience were more likely to imitate the
precise means of a subsequently demonstrated action
than children with an easier prior experience (Wil-
liamson &Meltzoff, 2011; Williamson et al., 2008).

From an evolutionary perspective, oi is often
considered crucial for explaining the emergence of
cultural learning and ritual transmission unique to
humans (Legare, 2017; Nielsen & Tomaselli, 2010;
Whiten, McGuigan, Marshall-Pescini, & Hopper,
2009). Research along these lines found that chil-
dren learn culturally relevant behaviors by selec-
tively copying reliable and presumably knowledge-
able individuals. Different characteristics, such as
status, prestige, success, age, and familiarity of the
model, are known to influence children’s tendency
to imitate irrelevant actions (e.g., McGuigan, 2013;
Wood, Kendal, & Flynn, 2012; Wood et al., 2016). If
the function of oi was the transmission of culturally
relevant knowledge, it would seem reasonable to
copy only members of one’s own species because
only they potentially possess culturally relevant
knowledge. This is not necessarily true for other
kinds of interactive partners, such as robots.

To better understand the nature of oi it thus
seems important to clarify under which conditions
this phenomenon can be elicited. The first goal of
this study was to disentangle the contribution of
instrumental and social goals in a given demonstra-
tion-imitation task. To address this issue, we
adapted an existing oi paradigm to manipulate

knowledge about the efficient strategy using a
within-subject design. The second goal was to spec-
ify model characteristics supporting oi. Therefore,
we compared oi rates following the demonstration
by a human experimenter and a humanoid robot
using a between-subject design.

Is oi Driven by Social or Instrumental Goals?

When children observe an inefficient strategy
including irrelevant and relevant action steps, but
no alternative more efficient solution, it remains
unclear why they over-imitate. It could be that they
follow an instrumental goal, but simply lack the
causal knowledge needed to realize that some
actions are irrelevant. Alternatively, they may pur-
sue a social goal, such as affiliating with the experi-
menter or following an assumed social norm. To
discriminate between instrumental and social goals,
some researchers demonstrated not only an ineffi-
cient way to solve a task, but also the most efficient
one. Since children were informed about the effi-
cient way to solve a problem at hand, it could be
ruled out that oi resulted from the fact that children
misinterpreted irrelevant actions as being causally
relevant (Hoehl et al., 2014; Nielsen & Blank, 2011;
Nielsen, Kapit�any, & Elkins, 2015; Nielsen, Toma-
selli, & Kapit�any, 2018; Schleihauf, Graetz, Pauen,
& Hoehl, 2018). In a study by Nielsen and Blank
(2011), children observed two experimenters, one
using an efficient strategy and the other using an
inefficient strategy to extract a reward from a box.
Children only over-imitated when the inefficient
experimenter later handed the box to them. The
authors concluded that children have a strong affili-
ation (social) motivation that guides their behavior
and explains the occurrence of oi. Somewhat con-
tradicting this view, other studies revealed that chil-
dren preferred the efficient strategy when they first
learned the efficient way to solve a problem, even
when a subsequently inefficient strategy was
socially highlighted (Schleihauf et al., 2018). This
points to the relevance of both instrumental and
social goals in oi settings. It also reveals that their
specific interplay is not yet fully understood.

One potential way to shed further light on this
interplay is to sequentially present three test trials.
In each trial the child observed a communicative
model demonstrating one way to attain a reward
from a puzzle box before the child had a go. In Trial
1, the model demonstrated a combination of irrele-
vant and relevant actions (i.e., using an inefficient
strategy). In Trial 2, the model demonstrated only
actions needed to solve the problem at hand (i.e.,
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using the efficient strategy). In Trial 3, the model
again demonstrated the inefficient strategy. The third
trial was of particular interest in the present context
because it allowed us to conduct a within-subject
comparison of oi performance between Trial 1 (i.e.,
without previous demonstration of the efficient strat-
egy) and Trial 3 (i.e., following the demonstration of
the efficient strategy in Test trial 2).

Do Children (Over-)imitate Robots?

In modern times, we not only interact with
humans, but also increasingly with machines, com-
puters, and robots. More and more children are
growing up with technical devices that allow for
dynamic exchanges of information. Humanoid
robots are being used in educational settings, as
interactive guides at science museums (Shiomi,
Kanda, Ishiguro, & Hagita, 2006), or as peer tutors
at schools in Japan (Kanda, Hirano, Eaton, & Ishig-
uro, 2004) and the United States (Meltzoff, Kuhl,
Movellan, & Sejnowski, 2009; Tanaka, Cicourel, &
Movellan, 2007). There is also a growing body of
evidence showing the benefits of therapy with
robots for children with autism and Down syn-
drome (Warren et al., 2015). This seems rather inter-
esting because the categorical status of robots is not
entirely clear: On the one hand, they are man-made,
typically have a plastic or metal surface, and usually
have a certain function. On the other hand, they
often show a similar body configuration to humans,
move on their own, communicate, and interact and
complete tasks in similar ways as people do.

To our knowledge, only one published study
examined whether young children imitate robots.
Itakura et al. (2008) examined whether toddlers
(24–35 months old) would imitate a robot’s goal-di-
rected action that was demonstrated in a failed
attempt paradigm. The results were positive. Inter-
estingly, children were more likely to imitate a
robot showing human-like congruent gaze behavior
than one not showing this behavior. Even though
the demonstration was on video and the robot did
not display any ostensive cues (i.e., contacting the
child, smiling and talking to her), children were
able to infer the robot’s “action goals” and were
motivated to complete the demonstrated action. If
the model performed the action successfully, con-
gruent gaze was not necessary to induce children’s
imitation. Based on these findings, one may specu-
late that children will also show oi following the
demonstration of a communicative humanoid robot
that establishes eye contact before starting the
action sequence.

Only one previous study reported oi with
another nonhuman model (i.e., a puppet). Although
oi rates were higher when a human rather than a
puppet demonstrated irrelevant actions, children
also copied the behavior of the puppet (McGuigan
& Robertson, 2015). Importantly, the child could see
that the puppet was acting under the control of a
human experimenter. Differing from this situation,
robots appear to act on their own without visible
external control. Hence, it is well possible that they
are perceived differently. The animate–inanimate
distinction is highly prominent in children’s think-
ing and develops early in life (see Legerstee, 1992
for a review; Rakison & Poulin-Dubois, 2001). By
5 years of age children can discriminate animate
beings from inanimate objects based on multiple
features, including their appearance and behavior
(e.g., Pauen, 2000). A human model controlling a
puppet may thus be more likely to elicit a social
goal (leading to higher oi) than a robot model
showing self-initiated actions, provided that the
robot is categorized as a technical device. In line
with this, Sommer et al. (2019) found that children
showed less moral concern when a robot was mis-
treated than when a living being was mistreated,
but afforded more moral concern to robots than to
nonliving entities.

However, it is also possible that oi does not
depend on the presence of a human model, but
instead on the presence of certain social cues trig-
gering social goals to become engaged in observa-
tional learning and imitation. In this study, we thus
used a humanoid robot that moved and interacted
similarly to an animate social being. It acted osten-
sively, “looking” toward the camera and apparently
addressing the child. These cues are thought to be
strong indicators for the transmission of cultural
knowledge (Csibra & Gergely, 2011), even in the
absence of a real human agent (Deligianni, Senju,
Gergely, & Csibra, 2011). In line with this, infants
and children are more attentive and receptive to
robots displaying nonverbal contingency and social
referencing. Preschoolers (but not infants, O’Con-
nell, Poulin-Dubois, Demke, & Guay, 2009) even
seem to treat them as social informants (Breazeal
et al., 2016; Meltzoff, Brooks, Shon, & Rao, 2010).
Furthermore, humanoid robots were shown to have
a positive impact on older children’s performance
in cognitive tasks, but only if they showed human-
like communicative behavior (Andr�e et al., 2014).
All these different findings suggest that the quality
of interaction between children and robots is modu-
lated by the presence of human-like characteristics
of the robot’s appearance (having two arms, legs,
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and eyes) and also its behavior (self-initiated, more
or less dynamic motion, contingent responding and
ostensive cues like congruent eye gaze).

Hypotheses

This study focuses on two important research
questions regarding the role of social goals for oi:

1. Do 5- to 6-year-olds over-imitate based on a
social goal, and will they therefore flexibly
switch back to an inefficient strategy even after
having performed a more efficient strategy?
We reasoned that if instrumental goals domi-
nated children’s actions oi should decrease
from Trial 1 to Trial 3, because they already
knew the efficient strategy after participating
in Trial 2. If social goals dominated children’s
action, we expected to find similar oi perfor-
mance in Trial 1 and Trial 3. Social goals
should lead to faithful imitation of either strat-
egy (despite having the knowledge of a more
efficient solution) and to a flexible adaptation
of children’s responses across trials. This
hypothesis is based on previous findings, in
which children’s tendency to over-imitate after
a subsequent efficient demonstration varied
with the communicative behavior of the second
demonstrator. If the demonstrator who demon-
strated the efficient strategy was communica-
tive, children switched to the efficient strategy;
when the efficient strategy demonstrator was
not communicative, children continued to
over-imitate (Hoehl et al., 2014; Schleihauf
et al., 2018). Thus, in a social context, we
expect children to flexibly adopt the demon-
strated strategy.

2. Are children in this age range equally willing
to learn an inefficient strategy from a huma-
noid robot as they are from a human experi-
menter? In Table 1 we present four possible
outcomes of the study and respective conclu-
sions. Based on the arguments raised so far,
we make the following predictions: For Test
trial 1 (inefficient demonstration) in the human
condition, we expect a higher rate of imitation
of irrelevant actions than in a baseline condi-
tion without previous demonstration, thus
replicating the findings of previous studies
using video demonstrations (McGuigan et al.,
2011; Wood et al., 2012). With regard to the
robot condition, we have no clear expectations,
but speculated that oi rates will be similar to
the human condition because we use a

humanoid communicative robot and because
the children have not a seen a more efficient
solution before. For Trial 2 (efficient demon-
stration), we expect children to switch to the
more efficient strategy, regardless of the condi-
tion. This would be consistent with Hoehl
et al. (2014), who found that children switched
from an inefficient to an efficient strategy if the
latter was demonstrated ostensively. Outcomes
for Trial 3 (inefficient demonstration) are most
informative with regard to our research ques-
tions. Assuming that oi is mostly socially moti-
vated, it still needs to be answered how that
motivation is triggered. To what extent chil-
dren prioritize their social goals over purely
instrumental goals is likely to be depend on
their perception of the robot or human demon-
strating the action. Here, we see two potential
outcomes: If socially motivated oi is restricted
to the transmission of action knowledge
between humans, then it should only occur in
the human condition. However, if socially
motivated oi is dependent on social cues, such
as a humanoid appearance, gaze, and speech,
then oi rates should be similar in both the
human condition and the robot condition.

Method

Design

We used a mixed design, with between-subject
(conditions: human, robot) as well as within-subject
(Test trials 1, 2, and 3) factors (see Figure 1).

Participants

The data of N = 107 children aged from 5.00 to
6.65 years (M = 5.59 years) were included in the
final sample of this study. By the age of 5, oi is a
robust phenomenon (McGuigan, Whiten, Flynn, &
Horner, 2007), thus, we tested children in this age
group. Previous work with the same kind of puzzle
box also tested 5- to 6-year-olds. To allow for quali-
tative comparisons of findings across studies, we
decided to test children of the same age range. The
final sample contained 29 (17 boys) children in the
human condition, 34 children (14 boys) in the robot
condition and 44 children in the baseline condition
(21 boys). Data were collected between January
2017 and May 2019. All subjects spoke German as
their first or second language and came from mixed
socioeconomic backgrounds. Children from seven
different kindergartens in a medium-sized German
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town were tested with the consent of their parents.
Five additional children were recruited from a data-
base of children who had previously participated in
other psychological studies. The data from addi-
tional 25 children were not included in the analysis
—one due to experimenter error (robot condition)
and eight because the child could not complete the
task of extracting a golden marble from the box in
Test trial 1 of the experiment (n = 4 in the human
and n = 4 in the robot condition) or in the baseline
condition (n = 16). This exclusion criterium was
applied to ensure that the experience of failure did
not have any effect on imitation rates. Overall, the
children and their families had a mixed socioeco-
nomic background.

Material

The Puzzle Box

Children were presented with a transparent puz-
zle box containing golden marbles. All marbles
were placed inside a clear horizontal tube, and each
one had a small magnet attached to it so that it
could be extracted from the box using a magnetic
rod. There was a black wooden lever on the top of
the box and a black button attached to the side of
the box (see Figure 2; Hoehl et al., 2014; Schleihauf
et al., 2018). Due to the transparency of the box, it
was possible to observe that any manipulation of
both elements did not affect the tube or the marble
inside.

The Robot

The robot used in the videos is a humanoid
robot (type Nao Evolution [Figure 2]) and was pro-
duced in 2011 by Aldebaran Robotics. It is 58 cm
tall and has 25 df. Important features include its
LED light-enhanced eyes that can change color to
create the illusion of congruent eye contact and
goal-directed gaze.

The Videos

We decided to use videos rather than live pre-
sentations to ensure standardization of demonstra-
tions across conditions and to avoid dropouts due
to malfunctioning of the robot. A fairly large body
of research indicates that children by the age of five
are equally willing to copy demonstrated actions
from a live-demonstration as from a video demon-
stration (McGuigan et al., 2011; Wood et al., 2012).
Videos showed either the robot or a woman who
was unfamiliar and different from the one who ran
the experiment. Each video included multiple takes
to show different parts of the action as close-ups.
To obtain comparability between the two experi-
mental conditions, the number and duration of dif-
ferent takes as well as the positions of the video
cameras were identical in both the robot and
human model conditions.

Three different scenes were videotaped per con-
dition: In the video for Trial 1 (56 s) the model
greets the child, introduces herself, and explains

Table 1
Possible Outcomes and Respective Interpretations

Possible outcomes

InterpretationsTest trial 1 Test trial 3

Human cond. oi oi oi is socially motivated and only occurs within the human species. No social
motivation is elicited by a robot model.

Robot cond. no oi no oi
Human cond. oi oi oi is due to causal erroneous reasoning in Test trial 1, but socially motivated in Test

trial 3. No social motivations are elicited by a robot model. Transmission of
socially relevant behaviors only within the human species

Robot cond. oi no oi
Human cond. oi no oi oi is based on erroneous causal reasoning. No effect of social motivations on oi

after the irrelevancy of actions is revealed
Robot cond. oi no oi
Human cond. oi oi Unclear whether oi in Test trial 1 is due to erroneous causal reasoning or social

motivation. oi in Test trial 3 is socially motivated. Social motivations can be
elicited by a humanoid robot model. Transmission of socially relevant behaviors
not only within the human species as long as ostensive cues are provided

Robot cond. oi oi

Over-Imitation Using a Robot Model 5



Figure 1. Conditions.

Figure 2. Actions performed on the puzzle box in both the human condition and robot condition. A: irrelevant action - moving a non-
functional lever from one side to the other; B: irrelevant action - pushing a nonfunctional button; C: relevant action - opening a flap
and inserting a magnetic rod to extract a marble.
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that there are golden marbles inside the box which
can be exchanged for stickers. The human actor
speaks with her normal voice and the robot with a
robotic voice. The model announces that it is going
to take one marble out and asks whether the child
is watching. Then the model demonstrates the inef-
ficient strategy including two irrelevant actions (see
Figure 2 A: moving the lever from one side to the
other; B: pushing the button) and one relevant
action (C: opening the flap covering the tube and
inserting a magnetic rod to extract a marble). In
Trial 2 (27 s), the model announces that it will get
one more marble and performs the efficient strat-
egy, only containing the relevant action C. In Trial
3 (47 s) the model repeats that it will get another
marble and performs (as in Test trial 1) the ineffi-
cient strategy (A–C).1

Due to the robot’s limited motor abilities, the
critical actions looked somewhat atypical for
humans. For example, the robot moved the lever by
placing its palms horizontally under the lever, fac-
ing the ceiling and pushing the lever left and right
with the side of the hand (Figure 2 A). To ensure
comparability across conditions, the human model
used motion patterns similar to those performed by
the robot. Due to the robot’s small size, it stood on
the table during the action, whereas the human sat
on a chair next to the table. To avoid mechanical
background noise during filming, the soundtrack
was recorded separately from the video and later
added to critical segments of the video, like the
self-introduction of the protagonist and the demon-
stration of the irrelevant actions (i.e., sound-match-
ing the movement of the lever and the pushing of
the button).

Procedure

Each child was invited to enter a quiet room
with the experimenter. On average the procedure
took approximately 17 min. First, there was a
warm-up phase during which the child and the
experimenter played a game of blowing cotton balls
into a goal to win golden marbles. This phase
served to familiarize the children with the experi-
menter and to explain that golden marbles could be
exchanged for stickers. The first test trial began
with the experimenter introducing the box (“Let’s

now look at this special box. In this box are more
golden marbles which can be exchanged for stick-
ers.”). The child had a few seconds to visually
inspect the box before it was covered again. The
experimenter then said: “Before you have a go,
please watch this video. While you are watching, I
need to write down something on my sheet, but
you watch carefully. Later, you will have a go.”
Then the experimenter turned away and sat down
on a table turning her back to the child. Unlike in
other oi studies (but see Hoehl et al., 2014 or Schlei-
hauf et al., 2018) children saw only one demonstra-
tion per trial, to create a more natural learning
context and to keep their attention high, as we pre-
sented a total of three trials.

After starting the video (on a laptop with a 33-
cm display mounted in full view), the experimenter
sat down at a near-by table to fill out a form. Fol-
lowing the video demonstration of Trial 1 (i.e.,
demonstration of the inefficient strategy), the exper-
imenter explained that it would now be the child’s
turn to retrieve a marble. She explicitly stated that
the child could accomplish this goal, however, he
or she liked. In the next step, the experimenter
uncovered the box and placed all material (i.e., box
and magnetic rod) in front of the child. Then, she
told the child that she needed to go outside for a
moment. Hence, the child remained alone during
the imitation phase. As soon as the child had suc-
cessfully taken a marble out of the box or 2 min
had elapsed, the experimenter returned and helped
the child to choose a sticker from a sticker box in
exchange for the marble. Then the box was covered
again, and the next trial started. The experimenter
explained that it was now the model’s turn again
before she started the presentation of the next video
clip. Trials 2 and 3 were equivalent to Trial 1, but
differed in terms of the video scenes presented. At
the end of the experimental session the experi-
menter asked the child whether the model shown
in the video was alive. Responses to the question
could not be analyzed statistically, as several chil-
dren did not answer, but will serve to interpret our
data on a qualitative level in the discussion.

Children in the baseline condition experienced
the same procedure with the following two differ-
ences: (a) they never saw a video demonstration,
(b) they only participated in one single trial. As in
the experimental conditions, the experimenter intro-
duced the box and placed it in front of the child
(together with the magnetic rod). Then the child
was told that she could extract a marble from the
box, however, she liked. Next, the experimenter left
the room and waited either until the child extracted

1In comparison to the precursor studies using the same appara-
tus, we did not include non-contact inefficient actions like hand
clapping or tapping the palm of the hand with the rod three
times. These actions could not be programmed into the robot,
and they were very rarely copied by children participating in
earlier studies.
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a marble or until 2 min had passed. This condition
was included in the analysis to check if perfor-
mance levels of irrelevant actions exceeded perfor-
mance levels of these actions due to curiosity or
exploration.

Coding and Reliability

We applied two different types of coding, an oi
score and an eagerness score. The oi score informed
us whether an irrelevant action was performed or
not. The eagerness score entails information on the
precision of imitative acts and the number of repeti-
tions of each single action. Since the pattern of
results obtained using data from each coding
scheme did not differ, only report the results of the
oi score here. The results of the eagerness score can
be found in Supporting Information.

For the oi score, we first applied a binary coding
(0 = action not performed, 1 = action performed)
for each action. Pushing the lever was coded as per-
formed as soon as the lever was pushed in one
direction. Pushing the button was coded as per-
formed as soon as the button was pushed down
(no matter if this action was performed with the
rod or with the finger). We then added up these
values per test trial to calculate the oi score that
indicated whether a child performed none, one
(lever or button) or both (lever and button) irrele-
vant actions (e.g., lever pushed = 1 and button
pushed = 1 resulted in an oi score of 2).

Scores were coded from video recordings of chil-
dren’s behavior during each imitation test trial. The
primary coder was a research assistant who was
blind to the hypotheses of the study. A second
coder, also blind to the hypotheses, rated 25% of
the videos based on edited versions showing only
the child operating the box. The inter-rater reliabil-
ity (Cohen’s j) was excellent (reliability of 1.0), sug-
gesting reliable assessments of oi scores.

Statistical Analysis

To answer our research questions, we applied
two main logistic Generalized Linear Mixed Models
fitted via maximum likelihood (GLMMs; Baayen,
2008) using the statistical program R (version 3.4.3;
R Core Team, 2015) together with the function
“glmer” of the package “lme4” (Bates, Maechler,
Bolker, & Walker, 2015). Our first research question
was whether 5- to 6-year-olds over-imitate based on
a social goal, and whether they consequently flexi-
bly switch back to an inefficient strategy even after
having performed a more efficient strategy? To

answer this question, we need to compare oi rates
in the experimental conditions with the sponta-
neous baseline performance of irrelevant actions.
Thus, in GLMM 1, data of both experimental condi-
tions (human and robot condition) as well as the
baseline condition were analyzed. Second, we
wanted to know, whether children in this age range
were equally willing to learn an inefficient strategy
from a humanoid robot as they are from a human
experimenter. To answer this question, in GLMM 2,
we analyzed only data from both experimental con-
ditions.

We decided to analyze our data using GLMMs,
because our data did not fulfil the assumptions for
a classical analysis of variance (ANOVA). An
ANOVA assumes normally distributed and homo-
geneous residuals. These assumptions cannot be
met for data that has an upper bound (our data
were based on a binary coding scheme and the
summarizing oi score was bound between 0 and 2).
In such a case, moving toward a mixed-modelling
framework is suggested (Jaeger, 2008; Kristensen &
Hansen, 2004). Details regarding this statistical
method, assumption tests as well as the exact
model equations for all the GLMMs can be found
in Supporting Information.

GLMM 1

In GLMM 1, we investigated whether oi rates
exceeded baseline level across different test trials.
Thus, we included the data of both experimental con-
ditions (human condition and robot condition) and
the baseline condition into the analysis. We focused
on differences in children’s responses in all three tri-
als (1, 2, 3) and on the differences in children’s
responses between conditions (i.e., human vs. robot).
Since we were mainly interested in whether the two
conditions differ in Trial 3, we included the interac-
tion between test trial and condition into the model
equation. It should be noted that we had only one
trial for the baseline testing, however, the statistical
model is treating our data as if we had three baseline
trials with identical outcomes. This is an acceptable
method because it allows us to compare each trial in
both conditions against the same baseline trial. How-
ever, looking at the effects of other predictors (such
as child’s sex) would falsify the results, because then
the multiplied data points from the baseline condi-
tion would count as actual measurements. Thus
child’s sex was not included as a predictor in this
model. To account for repeated measurements, we
also included random effects (individual’s identity)
and random slopes (test trials within individual’s
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identity). A detailed description of this analysis can
be found in Supporting Information. To account for
multiple testing issues, we first tested the overall
effect of all three test predictors and the included
interaction. Therefore, we compared the full model’s
deviance with that of a null model comprising only
random effects to examine whether the inclusion of
the test predictors provided a better fit to the data
than participant identity alone. The full model pro-
vided a significantly better fit to the data than the
null model (v2 = 132.44, df = 8, p < .0001). To deter-
mine the effects of each predictor we further com-
pared the full model with the corresponding reduced
models that lacked the predictor of interest.

Since we found a significant interaction between
the predictors condition and test trial, we inspected
the baseline differences in more detail. Therefore,
we performed six additional post hoc GLMMs to
compare oi scores for each trial as a function of
experimental conditions (robot model, human
model) with the baseline condition (no demonstra-
tion) to determine whether children actually
showed oi in individual trials. Each post hoc
GLMM included the Baseline Condition as well as
one test trial of each condition. To avoid inflating
the Type I error rate, a Holm–Bonferroni correction
was applied for each post hoc comparison.

GLMM 2

In GLMM 2, we included only the data of the
experimental conditions to have a direct and easy to
interpret comparison between the human and robot
condition. Thus, GLMM 2 informed us whether chil-
dren’s imitative responses differed following the
demonstration of the human or the robot model. The
baseline data were not included this time. Thus, we
could add other variables of interest. The model
equation for GLMM 2 included test trial and condi-
tion and their interaction as predictors. Furthermore,
we now considered child’s sex and the interaction
between child’s sex and condition as potential predic-
tor of children’s imitative performance for two rea-
sons: (a) Previous studies revealed gender effects
showing that boys over-imitate more than girls (Frick,
Cl�ement, & Gruber, 2017; Schleihauf et al., 2018); (b)
it seemed possible that both gender groups respond
differently to robots and humans. Again, we included
random effects (individual’s identity) and random
slopes (test trials within individual’s identity).

First, we tested the overall effect of all test pre-
dictors and the included interactions by comparing
the full model’s deviance with that of a null model
comprising only random effects. The full model

provided a significantly better fit to the data than
the null model (v2 = 67.528, df = 7, p < .0001). Then,
to determine the effects of each predictor we further
compared the full model with the corresponding
reduced models that lacked the predictor of inter-
est. However, neither the interaction between test
trial and condition (v2 = 0.393, df = 2, p = .822) nor
the interaction between sex and condition
(v2 = 1.392, df = 1, p = .238) reached statistical sig-
nificance. Thus, we dropped these terms from the
model and fitted a second model only comprising
the main effects of the predictors. We again
checked, that this model explained the data better
than a null model, comprising only the random
effect and random slope (v2 = 65.82, df = 4,
p < .0001). To check whether single main effects
reached statistical significance we again performed
comparisons between the main-effects model and
respective reduced models, with the reduced mod-
els lacking the predictor of interest. All statistical
parameters for GLMM 2 reported in the tables are
from the model only comprising the main effects.

Results

GLMM 1

GLMM 1, which included data from both experi-
mental conditions (human & robot) and from the
baseline condition, revealed a significant effect for
the interaction of test trial and condition (see
Table 2). The data and the model lines for the point
estimates of GLMM 1 are depicted in Figure 3. For
a detailed report of estimates, standard errors and
confidence intervals, please have a look in Support-
ing Information (Table S4). The equivalent analysis
with the eagerness score revealed the same pattern
of results (Table S10).

Baseline Comparisons

Post hoc comparisons with the baseline condition
(Table 2; Table S5) revealed that in the human con-
dition and in the robot condition children per-
formed significantly more irrelevant actions than
children in the baseline condition in Test trials 1
and 3, whereas this was not the case for Trial 2.
Baseline comparisons with the eagerness score
revealed the same pattern of results (Table S11).

GLMM 2

For GLMM 2, which only included data from
both experimental conditions (human & robot), the
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comparisons between the full and reduced models
revealed significant main effects for test trial and
sex (see Table 3). Detailed reports of estimates,
standard errors and confidence intervals can again
be found in Supporting Information (Table S6).
Descriptive analyses revealed the following changes
in oi: From Trial 1 (demonstration of inefficient
strategy) to Trial 2 (demonstration of only efficient
strategy) the average oi rate decreased, and from
Trial 2 to Trial 3 (demonstration of inefficient strat-
egy) it increased again (see Figure 3 and Table 4).

The effect of condition (human vs. robot) was not
significant, but the effect sex reached level of signif-
icance (see Table 3). Boys more often produced
irrelevant actions than girls did (Mboys = 1.35,
Mgirls = 1.07), which is consistent with previous
findings (Frick et al., 2017). No comparable gender
difference was found for the baseline condition
(v2 = 0.157, df = 4, p = .692), which would have
been an indication that boys find the apparatus
simply more interesting than girls.

When these analyses were run with the eager-
ness score as dependent variable, results revealed a
highly similar pattern of results, with only one
exception: the observed sex differences could no
longer be found. (see Table S12 for more details).

Table 2
Results of the likelihood ratio tests for the comparisons between the full
model of GLMM 1 and the reduced model lacking the predictors of
interest, and the post-hoc baseline comparisons

GLMM 1 v2 df p

Test trial: condition 32.205 4 < .0001*
Post hoc baseline comparisons with
Human condition—Test trial 1 37.52 1 < .0001*
Human condition—Test trial 2 .119 1 .730
Human condition—Test trial 3 47.099 1 < .0001*
Robot condition—Test trial 1 42.253 1 < .0001*
Robot condition—Test trial 1 0.878 1 .349
Robot condition—Test trial 3 53.344 1 < .0001*

Note. For baseline comparisons critical ⍺ is Holm-Bonferroni-cor-
rected, ⍺0 = .0083. GLMM = Generalized Linear Mixed Model.
For GLMM 1: *p < .05, for baseline comparisons: *p < .0083 (p-
value adjusted for multiple testing).

Table 3
Results of the likelihood ratio tests for the comparisons between the full
model of GLMM 2 and the reduced models lacking the predictors of
interest

GLMM 2 v2 df p

Condition 1.203 1 .273
Test trial 60.029 2 < .0001*
Sex 4.232 1 .040*

Note. GLMM = Generalized Linear Mixed Model. For GLMM 2:
*p < .05.
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Figure 3. Oi scores as a function of the predictors test trial and condition. The frequency of the oi scores is represented by the size of
the large circles as well as by the number of small circles (each small circle represents one data point). Lines represent the point esti-
mates of the Generalized Linear Mixed Model 1.
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Discussion

The aim of this study was to shed light on the basic
functions and mechanisms of the human tendency to
copy irrelevant actions, often labeled as oi. We com-
pared children’s production of irrelevant actions (a)
before and after they were informed about the effi-
cient strategy to solve the problem at hand and (b)
when the target actions were demonstrated by a
human or a robot model. Five-to-6-year-olds were
randomly assigned to watch videos of either a human
or a robot model retrieving a marble from a puzzle
box. Both models moved in a similar way and
expressed communicative and ostensive cues, thus
supporting the impression of a social-interactive part-
ner. Children saw three demonstrations on three sep-
arate trials: (1) an inefficient strategy, (2) an efficient
strategy, and (3) the inefficient strategy again. Follow-
ing each demonstration, the children were left alone
and allowed to solve the task on their own. Results
revealed that preschoolers matched their imitative
response across all three trials with the respective
demonstration by the human or the robot model,
even though they only watched the actions on video
and were left alone during the test trial. Comparisons
with a baseline condition (i.e., no demonstration) con-
firmed that children over-imitated following the first
demonstration of the inefficient strategy (Trial 1),
then switched to an efficient strategy following the
efficient demonstration (Trial 2) and switched back to
an inefficient solution after the model had demon-
strated the inefficient strategy once more (Trial 3).
Thus, children adopted the inefficient strategy in Test
trials 1 and 3, but used the efficient strategy in Test
trial 2. We did not find any differences in children’s
oi when they observed a human versus a robot
model. Furthermore, we found that boys over-

imitated more often than girls (only when oi score,
not the eagerness score, served as dependent mea-
sure).

Imitation Performance Across Trials

Our first research question was whether young
children can switch back and forth between the ineffi-
cient and the efficient strategy or whether they pri-
marily follow an instrumental goal, using the efficient
strategy as soon as they learn a direct way to attain a
reward in Trial 2. The findings reported for Trial 1 are
in line with a large number of oi studies reporting that
children of the tested age range copy an inefficient
strategy from a communicative, ostensive model (e.g.,
Hoehl et al., 2014; Lyons et al., 2011; McGuigan &
Whiten, 2009). However, this finding does not reveal
whether children over-imitated for social reasons (i.e.,
based on a normative orientation or a motivation to
affiliate with the experimenter) or because they
assumed that all actions were indeed necessary to
retrieve the reward (i.e., based on false causal reason-
ing). Findings for Trial 2 are also in line with previous
results showing that a demonstration of the efficient
strategy reduces oi rates (Hoehl et al., 2014; Schleihauf
et al., 2018). Differing from previous work, we intro-
duced a third test trial. Here, we expected participants
to experience a conflict between the instrumental
motivation to simply obtain the reward in an efficient
way and the social motivation to affiliate with the
model or to follow the social norm “I will do what
you do.” In previous studies using a similar puzzle
box and similar tools, children who first saw and
applied the efficient strategy and then watched the
demonstration of the inefficient strategy, did not show
oi rates exceeding baseline level (Schleihauf et al.,

Table 4
Descriptive Information: Number of Children Who Re-Enacted Each of the Two Irrelevant Actions, Mean oi Score and Standard Deviation for Each
Test Trial of Each Condition

Condition

Frequency of each nonfunctional action
performed Frequencies of oi scores

Mean oi score (SD)Pushing lever Pushing button 0 1 2

Baseline (N = 44) 6 11 32 7 5 0.39 (.69)
Human condition (n = 29)
Test trial 1 24 18 5 6 18 1.45 (.78)
Test trial 2 9 6 19 5 5 0.52 (.78)
Test trial 3 22 21 6 3 20 1.48 (.83)

Robot condition (n = 34)
Test trial 1 31 21 3 10 21 1.53 (.66)
Test trial 2 12 10 19 8 7 0.65 (.81)
Test trial 3 27 28 3 7 24 1.62 (.95)
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2018). Hence, they seem well able to understand that
the irrelevant actions are not really necessary to get
the reward and should have learned this lesson dur-
ing Trial 2. In the present case, however, children
switched back to an inefficient strategy in Test trial 3,
despite having previously watched and performed a
more efficient strategy in Test trial 2. The finding
speaks against the idea that oi is exclusively based on
instrumental learning. Rather, children were found to
be highly flexible in their imitative responses (see also
Williamson & Meltzoff, 2011; Williamson et al., 2008).

But does this imply that their underlying motiva-
tion was social in nature? In principle, children
may have thought that the inefficient actions were
actually needed to get the marble out on Trials 1
and 3 but not on Trial 2. This only makes sense if
they assumed that the causal logic of the task chan-
ged across trials. Although the puzzle box was cov-
ered with a blanket while the children watched the
videos, it was always in full view and the children
saw that it was neither manipulated nor replaced
during the experimental session. For this reason,
we can hardly attribute changes in children’s
behavior across trials to (assumed) changes regard-
ing the box or the mechanism leading to the retrie-
val of the reward.

Hence, it seems highly unlikely that automatic
causal encoding (Lyons et al., 2007, 2011) provided
the main reason for the high oi rates in Trial 3.
Rather, children may have wanted to either affiliate
with the model demonstrating the actions (Nielsen
& Blank, 2011) or to follow social norms (Kenward,
2012; Kenward et al., 2011; Keupp, Behne, Zachow,
Kasbohm, & Rakoczy, 2015), thus acting based on a
social motivation. In line with this interpretation,
the children’s responses could result from an affilia-
tion with the model or from applying a rather sim-
ple rule: “I will do what you do.” Anecdotal
observations support this idea: Some children par-
ticipating in Trial 3 first took the reward out of the
box using the efficient strategy (thus revealing func-
tional knowledge), but then put it back inside the
box again in order to perform the inefficient strat-
egy. Some also reached out to take the marble from
the box, then stopped themselves in the middle of
this (efficient) action only to perform both irrelevant
actions before repeating the efficient action (see also
Williamson et al., 2008). Such observations indicate
that children made a conscious choice between
using the efficient or the inefficient strategy, and
then decided against using the efficient strategy.

Importantly, the model in our study stayed the
same throughout all three trials whereas it typically
changed in previous studies using a similar

paradigm (e.g., Hoehl et al., 2014; Nielsen & Blank,
2011). For that reason we speculate that children
who saw the model first perform the inefficient strat-
egy on Trial 1, and then the efficient strategy during
Trial 2 may have reasoned that the model was well
aware of the most efficient strategy to get the marble
even during Trial 1 (see also Nielsen et al., 2015). In
Trial 3, the model again used the inefficient strategy.
In an attempt to explain this behavior, children may
have assumed that the model "has a good reason to
do it that way," thus becoming engaged in “rational
imitation” (Gergely, Bekkering, & Kir�aly, 2002).
Whether these “good reasons” could be instrumental
or a social remains unclear. However, whether or not
this is an example of “rational imitation” and what
mental attributions the children make about the
robot need to be investigated in future research.

Imitating a Human Versus a Robot Model

With regard to our second research question, we
tested whether or not oi is restricted to interactions
within the human species. When comparing oi per-
formances between the respective human and robot
conditions, we found a striking similarity between
children’s responses in both conditions across all
three test trials (see Figure 3). Interestingly, the
robotic voice did not influence children’s willing-
ness to imitate in our study, although previous
studies found that children’s imitation rates were
reduced when the demonstration was performed by
a model with a foreign accent (Howard, Henderson,
Carrazza, & Woodward, 2015).

The finding that children not only over-imitated
the human model but also the robot model in Test
trial 3 (i.e., when they already knew that there was
a more efficient solution) was most remarkable. As
argued before, performance in test trial 3 is likely to
result from processes of social reasoning and a
social motivation, thus raising the interesting ques-
tion why we did not find any difference in oi
between the human and the robot condition. At
first sight this seems to indicate that children were
equally willing to accept a human or a robot as
their role model.

We used a robot with a human body configura-
tion, including hands to manipulate tools, facial fea-
tures including eyes, speaking to the children in their
mother tongue. All these different attributes are
known to support the identification of social agents
and animate beings (e.g., Pauen, 2000) and influence
children’s readiness to learn cultural practices (Ger-
gely & Csibra, 2006). In this study, we observed
social responses to the videos in some children who
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waved back to the robot in the introductory greeting
scene which suggest that they actually perceived the
robot as a social-interactive partner and might not
understand that robots do not have a mind (Kahn
et al., 2012; Sommer et al., 2019).

In line with this idea, earlier findings demon-
strate children’s willingness to accept humanoid
robots as interactive guides (Meltzoff et al., 2010;
Shiomi et al., 2006), peer tutors (Kanda et al., 2004;
Meltzoff et al., 2009; Tanaka et al., 2007) or even as
therapist (Warren et al., 2015). Further evidence
supporting this view comes from work showing
that children faithfully copied actions from huma-
noid robots (Itakura et al., 2008) or puppets
(McGuigan & Robertson, 2015) as models in imita-
tion tasks.

In this study, when children were asked whether
they thought the model was alive or not, they
revealed some uncertainty in their judgment: In the
human condition, 62.5% responded “yes,” 15.6%
responded “no,” 6% stated “I don’t know” and the
rest (15.9%) did not answer at all. In the robot con-
dition, 33% answered with “yes,” 54.5% answered
with “no” and 12.5% stated that they “do not
know.” This could either be due to a lack of con-
ceptual understanding of the distinction between
living and nonliving entities, to general problems
interpreting the living-status of entities presented
on video, to language problems in understanding
the question, or to the overlap in static and
dynamic features between the human and the robot
model presented. Interestingly, also Sommer et al.
(2019) found that children tend to ascribe mental
life to humanoid robots. However, more work is
still needed that systematically varies characteristics
of both kinds of protagonists in order to shed more
light on the circumstances that lead young children
to treat robots as social-interactive partners.

To explore in more detail what kind of behavior
and which characteristics of the model might evoke
oi, future studies should systematically manipulate
the static and dynamic features of the robot. For
example, it would be interesting to leave out the
first greeting scene, as this may help children estab-
lish a social relationship with the protagonist. In
addition, it would be worthwhile to present a robot
without facial features, as eyes are known to be
critical for identifying social interactive partners.
Both manipulations should reduce imitation rates in
the robot condition.

Although we favor the explanation that human
children attribute social characteristics to the robot,
alternative interpretations also need to be consid-
ered. They refer to (a) the social role of the

experimenter, (b) the nature of the demonstrated
action, (c) untypical movements of the human
model, and (d) the video demonstration. These fac-
tors address possible limitations of the study and
should be carefully considered in future studies:

The Social Role of the Experimenter

In this study, a live-experimenter first played a
warm-up game with the children, then introduced
the laptop and guided the child through the experi-
mental session. One could thus argue that children
perceived the given task as a social game with the
experimenter. Alternatively, children may also have
perceived the experimenter as a high-status person
(McGuigan, 2013) who expected them to follow
instructions (Kenward, 2012). In either case, imita-
tion fidelity in both experimental conditions could
be attributed to a social motivation of the children
to engage with the live-experimenter rather than
with the model on the screen, thus marginalizing
the impact of the models and the differences
between conditions.

Though we cannot rule out this interpretation,
we would like to point out that the experimenter
turned away from the video screen while the chil-
dren were watching the demonstration (i.e., she
was pretending to write down something sitting at
a desk and turning her back on the scene), and that
she left the room during the testing phase. This
implies that the children were left alone during the
test phase and free to retrieve a marble any way
they liked. Because it seemed impossible to run an
experimental task involving young children without
having an experimenter to interact with the child,
we thus tried to minimize social pressure on the
child and prevented children from socially interact-
ing with the experimenter during the critical
demonstration and imitation phase of the experi-
mental session.

Furthermore, it seems noteworthy that previous
work on imitation fidelity also used video demon-
strations provided by a live experimenter, but
nonetheless found systematic differences between
experimental conditions (e.g., DiYanni, Corriveau,
Kurkul, Nasrini, & Nini, 2015; Watson-Jones, Legare,
Whitehouse, & Clegg, 2014). We therefore conclude
that the lack of any significant difference in oi rates
between the human and the robot condition in our
study is unlikely to result from the presences of a
live-experimenter. At the same time, we concede that
the social relationship established between the child
and the experimenter may have had some effect on
the child’s motivation in the present task. This would
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support the view that children’s oi in the present task
is primarily based on social motivations. Further
studies may address this question more directly, for
example, by manipulating the social behavior of the
experimenter and testing the effects of this manipula-
tion on children’s oi performance following video
demonstrations.

The Nature of Demonstrated Actions

The demonstrated action sequence concluded in
a goal-directed action (i.e., extracting the marble).
Thus, it is possible that participants perceived the
entire action sequence (including the inefficient
actions) as functional rather than social, which led
to similar rates of oi following the robot and the
human demonstration. It would be interesting to
see whether or not oi rates in both conditions
remained similar in a study exploring children’s
tendency to copy nongoal-oriented versus goal-di-
rected actions. This might be a fruitful avenue for
future research.

Furthermore, we presented only one demonstra-
tion of the target actions on each trial to keep the
entire procedure short. However, more demonstra-
tions may enhance the social context and lead to dif-
ferences between the robot and the human condition.

Untypical Movements of Human Model

In the human condition, we used a female model
and matched her movements with those of the
robot model in order to keep both videos compara-
ble. As a result, some movements of the person
looked mechanical and rather unnatural. Such
mechanical movements may have confused some
children, thus reducing their oi rates in the person
condition and this may have resulted in an under-
estimation of group differences in oi rates between
the robot and the human conditions. Thus, it is sug-
gested for future research to add an additional con-
dition with natural movements.

Video Demonstrations

In this study, children only saw video instead of
live demonstrations of both models. It is possible
that, the differences between the human and the
robot model were reduced because the presentation
medium was the same in both conditions and
might have been more pronounced in a live situa-
tion. Thus, it should be envisaged to implement live
demonstrations in future studies.

Sex Differences

Some earlier work also found that boys show
more oi than girls (Frick et al., 2017; Schleihauf,
Pauen, & Hoehl, 2019). Since boys did not explore
the apparatus and the tools more than girls did in
the baseline condition (but see Schleihauf et al.,
2019), it seems unlikely that in this study the puz-
zle box task was generally more attractive for
boys. Frick et al. (2017) relate the boys’ stronger
preference to imitate irrelevant actions to the find-
ing that boys use more tools than girls when solv-
ing a problem (Gredlein & Bjorklund, 2005). This
may lead to higher attention to objects (such as
the lever or the button in our study) in boys than
in girls, which—in consequence—could have
increased oi rates in the present task context.
Importantly, child’s sex did not interact with con-
dition, so there were no gender differences in chil-
dren’s preference to copy the human or the robot
model.

Summary and Implications

Taken together, this study demonstrates that
children are willing to perform causally irrelevant
actions even when they know a more efficient strat-
egy to solve the problem at hand. Our data thus
demonstrate that an instrumental motivation may
not always dominate responses in social settings,
even with limited social pressure and a clear instru-
mental goal at hand. Rather, social motivations
seem to play an important role in this context as
well.

We further conclude that the high oi rates
observed across trials, the social signals given by
children while watching the video, and the lack of
any difference in children’s responses between the
robot and the human condition jointly lead to the
impression that the Nao-robot has been perceived
as a social agent.

These findings give rise to the hypothesis that oi
may not provide a learning mechanism restricted to
the transmission of culturally relevant knowledge
exclusively within the human species. Artificial
intelligence is an integral part of our present cul-
ture. Before long, more children will encounter
robots as teachers in educational settings. To pre-
pare for the future, we should increase our knowl-
edge about similarities and differences in
observational learning from and imitation of robot
models. Future studies addressing this issue are
clearly needed.
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