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Abstract
People have a tendency to imitate the behavior of others, sometimes even automatically. And yet,
evidence suggests that many of our actions are controlled, mediated by current goals and careful
considerations. Here we investigated whether the observation and evaluation of previous actions of
another person modulates the similarity of actions between people in present trials. We manipulated the
functionality of a confederate’s actions and the interactive context in two behavioral tasks, which
consisted of games that participants played against a confederate or a virtual computer opponent. To
measure effects of working memory load on imitation rates, participants additionally performed an easy
or difficult auditory n-back task in parallel to the tasks. We show that participants occasionally produced
rather bizarre and dysfunctional behavior when the confederate had done so as well. Even more
importantly, results from both tasks show that participants most likely copied dysfunctional behavior in
the present trial when the confederate performed functional actions in the previous trial. Thus, the positive
evaluation of action consequences in previous trials increases the probability of similarity between the
participant’s and confederate’s actions in present trials despite a chance to copy improper actions.
Furthermore, we found a trend of increased action similarities when participants were under high working
memory load in experiment 1 but not in experiment 2. These results suggest that copying an observed
action is an efficient and effortless behavioral and social strategy to achieve similar goals as others,
though with an increased risk of maladaptive behavior.
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1. Introduction
Excluding basic muscle reflexes such as breathing, much of people’s actions are learned by watching
others. Imitative behavior is indeed an easy and efficient way to get acquainted with useful actions.
Copying an action from another person may seem well planned and under autonomous control of people
themselves. However, the contrary is often the case and there is numerous evidence suggesting that much
of the imitative behaviors are involuntary (Bargh & Ferguson, 2000). For instance, humans tend to
automatically imitate the behavior (Chartrand & Lakin, 2012; Fadiga, Craighero, & Olivier, 2005; Heyes,
2011; van Baaren, Janssen, Chartrand, & Dijksterhuis, 2009) and take into consideration actions of others
(Sebanz, Knoblich, & Prinz, 2003). Everyday examples are the contagious effects of yawning or the
unconscious copying of a neighbor’s posture in a lecture hall. Thus, humans sometimes mimic other
people with little control over their own actions.
Recent evidence supports the idea that humans have limited control over their imitative behavior because
imitation occurs even if the consequences of the action are not useful (Belot, Crawford, & Heyes, 2013;
R. Cook, Bird, Lünser, Huck, & Heyes, 2012) or counteractive to the task’s goals (Naber, Vaziri
Pashkam, & Nakayama, 2013). The tendency to imitate might be rooted in the evolutionary advantage of
a close connection between perception (of others) and action, which has been argued to result in a strong
dependency between perception and action behavior (Dijksterhuis & Bargh, 2001). Indeed, there is strong
behavioral (Hommel, Müsseler, Aschersleben, & Prinz, 2001) and neural (Bekkering et al., 2009; di
Pellegrino, Fadiga, Fogassi, Gallese, & Rizzolatti, 1992) evidence for a strong interconnection of
perceptual and action-planning processes, which can account for phenomena of seemingly automatic
perception-induced action tendencies. Human ancestors are likely to have benefited from social
interaction and imitative skills could have been a prerequisite to learn actions from others. In a similar
vein, people’s reflexive drive to imitate may help to develop coherent communicative languages across
group members. Thus, the intimate relation between perception and action (Hommel, et al., 2001; Sperry,
1952) permits useful functions, even though it may sometimes lead to the mimicking of dysfunctional
behavior (Naber, et al., 2013).
Learning is suggested to be crucial to the strength of the relationship between perception and action
(Catmur, Walsh, & Heyes, 2009). The associative sequence learning (ASL) theory describes that children
learn to associate observed self-movement with the paired motor program independent of whether the
observed actions are self-produced or by someone else (Ray & Heyes, 2011). The brain automatically
strengthens the connections between areas that code the motoric response program and the visual
movement, either produced by the agent or a model. Imitation is explained as follows in this perspective:
The observation of someone else performing a similar movement activates the associated motor code
causing the observer to move a like. This type of learning associations are shown to have comparable
properties as Pavlovian conditioning, including dependency on experience (Heyes, Bird, Johnson, &
Haggard, 2005) and the context in which actions are learned (Richard Cook, Dickinson, & Heyes, 2012).
Imitation is in this sense a by-product – though a useful one – of an innate disability to disentangle the
self from others when it comes to coding the visual representation.
Luckily, people have some control over their imitative tendencies. For one, even under conditions that
induce particular response tendencies, people are often able to suppress them to a degree that overt
behavior is not affected (Cross, Torrisi, Reynolds Losin, & Iacoboni, 2013; Knight, Staines, Swick, &
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Chao, 1999), especially if they are in conflict with current goals (van Schie, van Waterschoot, &
Bekkering, 2008). For instance, in a study by Van Leeuwen et al. (2009) participants were subjected to a
(primary) behavioral imitation task and a (secondary) working memory task with either low or high
cognitive load. Participants imitated more while performing the more demanding secondary task,
suggesting that people can suppress automatic response tendencies when and to the degree that sufficient
resources for cognitive control are available (Baddeley, 2003; M. Brass, Derrfuss, Matthes-von Cramon,
& von Cramon, 2003; M. Brass, Derrfuss, & von Cramon, 2005; M. Brass, Zysset, & von Cramon, 2001).
While the inhibition of imitative tendencies is more of a control mechanism of motoric output, attention is
a factor that shapes the magnitude of imitation by modulating the input strength of visual information
(Heyes, 2011; Kornblum, Hasbroucq, & Osman, 1990). When an observer’s attention has been drawn to a
model’s body part in action (e.g., by an exogenous cue), the participant will have less difficulty producing
the same action or an action with the same body part as compared to when attention is drawn away to an
irrelevant part (Bach, Peatfield, & Tipper, 2007; Chong, Cunnington, Williams, & Mattingley, 2009).
These studies provide evidence that when observed actions or the associated body parts fall within the
focus of attention, observers’ own action schemes become more easily activated, facilitating the
production of similar actions.
For another, the probability that a particular response tendency is established at all depends on the social
circumstances and, in particular, on the relationship between imitated model and imitator. For example,
the amount of mimicry of mannerisms between individuals correlates with how much they like and trust
each other (Chartrand & Bargh, 1999; Over, Carpenter, Spears, & Gattis, 2013; Stel, Rispens, Leliveld, &
Lokhorst, 2011; Stel et al., 2010). Along the same lines, individuals with more ego-centric attitudes are
less likely to engage in imitative behavior (van Baaren, Maddux, Chartrand, de Bouter, & van
Knippenberg, 2003) and people who do not belong to the mimicker’s social group are imitated less
(Bourgeois & Hess, 2008; Buttelmann, Zmyj, Daum, & Carpenter, 2013). These so-called chameleon
effects have been interpreted as facilitating social bonding and group-building (Lakin et al., (2003).
While the studies outlined above demonstrate that spontaneous imitation is modulated by long-term
learning and several rather static situational aspects, the more dynamic role of the experiences with a
model’s actions have so far not been taken into account by imitation theories. The aim of the present
study was to investigate how the tendency to imitate might emerge from trial to trial. In particular, we
focused on what one may consider the functionality of an action, which we operationalized by
manipulating the type and therewith the consequences of the model’s behavior. It seems obvious that it
would make more sense to imitate a model showing functional behavior than a model showing
dysfunctional behavior. Indeed, it is shown that imitation can be inhibited depending on the task’s goal
(Poljac, van Schie, & Bekkering, 2009; van Schie, et al., 2008) and that the observation of incorrect
actions recruits specialized cognitive mechanisms to evaluate action functionality (van Elk, van Schie, &
Bekkering, 2008). However, on the fly evaluation of a model’s present actions is demanding especially
when action imitation is fast and dynamic. Furthermore, the automatic tendency to imitate may overrule
rational evaluations of the perceived actions (Paulus, Hunnius, Vissers, & Bekkering, 2011). Imitators
may simply judge whether some induced response tendency is sufficiently goal-related and if this is not
the case, as with dysfunctional movements, this tendency is discounted or suppressed in subsequent trials.
More informative with regard to the imitation in the context of functionality are past actions: Having
experienced a model performing a functional action might render that model more useful and thus
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increase the impact of the model’s behavior in the next trial. This suggests an interesting interaction:
while functional actions of models might be considered more likely in general (thus having a stronger
impact on the imitator’s performance in the present trial n), having just experienced a functional action of
this model (in trial n-1) may also allow for some impact of a currently (trial n) dysfunctional behavior of
that model.
In our experiments, the functionality of the action that the model showed varied randomly from trial to
trial, so that some trials followed a functional action of the model while others followed a dysfunctional
action of the model. As explained above, we expected that evidence for similar actions among an
observers and model would be stronger after functional than after dysfunctional action of the model. To
counteract possible strategies and metacognitive influences (which were not very likely already given the
trial-to-trial manipulation), we assessed action similarity in a demanding situation. Furthermore, we did
not test whether participants would imitate a particular action but, rather, looked into similarities between
the action of the model and the action of the participant. Accordingly, spontaneous imitation or spatial
compatibility would be reflected in greater similarity between these two actions. We additionally vary
working memory load with a secondary n-back task to test for effects of cognitive control on action
similarity.
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2. Experiment 1
2.1. Material & Methods
2.1.1.

Participants

Thirty-six individuals participated (age M=19.66, SD=1.02; 5 male and 31 female). All participants were
right-handed students, received study credit or money for participation, had normal or corrected-tonormal vision, were naïve to the purpose of the experiment, gave informed written consent before the
experiment, and were debriefed after the experiment. The experiments conformed to the ethical principles
of the Declaration of Helsinki and were approved by the local ethics commission of Leiden University.
Each participant performed the experiment together with one of two confederates (author ASH and a
psychology student). The confederates were trained to rapidly produce gestures in advance of the
participants. Confederates had memorized all actions in advance and were instructed to act the same in all
experiments. In multiple practice sessions the confederates received feedback on their posture, gaze, and
actions, with the goal to minimize variability in these factors across trials and experiments.
2.1.2.

Apparatus

Stimuli were generated on an Asus Vivobook laptop computer with Windows 8 operating system
(Microsoft), using MatLab (Mathworks) and the Psychophysics toolbox extension (Brainard, 1997). The
presentation monitor displayed 1366 by 768 pixels at a 60-Hz refresh rate. Screen size was 26cm in width
and 17cm in height, and the participant’s viewing distance to the screen was approximately half a meter.
In experiment 1, the participants and confederate were seated opposite across a square table at
approximately one meter distance from each other (Figure 1A). Two keyboards were positioned below
the table to allow the participant and confederate to respond to the second auditory task (see below) with
their right foot while their hands remained available for gestures. Auditory stimuli were presented to the
confederates and participants with Sennheiser HD201 headphones. All actions by both the participants
and confederates were recorded on video by a Sony HD camera.
2.1.3.

Stimuli and procedure

Participant and confederate were to produce actions or gestures in response to visual pictures displayed on
the monitor. As shown in Figure 1B, a picture displayed an object that could be associated with a specific
movement. Participant and confederate had 3 seconds to think up and produce an action until the
following trial started. Each picture was preceded by a red screen presented for 2 seconds to indicate that
the picture was about to be shown. After the 1-sec presentation of the picture, a black screen was shown
for 2 seconds to indicate that an action had to be made.
Participants were naïve to the role of the confederate; they were deceived by being told that we invited
pairs of participants (of which one was the confederate) to more efficiently collect data. The confederate
produced either a dysfunctional, uncommon action or a functional, stereotypical action in advance of the
participant. For example, a dysfunctional action in response to a picture of a hairbrush (Figure 1B) would
be that the confederate picks it up and puts it to her ear as if it is a phone. Alternatively, a functional
gesture would be the same action after seeing the picture of a phone. A total of 160 pictures was
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presented; all 160 associated confederate actions can be found in the Supplementary Materials. Pictures
were collected from the internet and scaled to 800 by 600 pixels (16 by 11cm).
In parallel to the behavioral task, participants performed an additional auditory version of the n-back task
(Kirchner, 1958) to facilitate imitation (van Leeuwen, et al., 2009). The idea was that the n-back task
increased task load therewith depleting the participants of working memory resources that are normally
used to prevent participants from blindly imitating the confederates actions and produce self-initiated
actions. The task consisted of an ongoing presentation of a number sequence by a computer voice and
participants indicated when a similar number was repeated with a distance of 1 or 2 numbers (n = 1 or
n = 2) between the current and preceding number. For example, the participants should have responded to
the second number 2 or the second number 9 for the sequence [… 4 8 2 2 9 1 9 3 …]. Participant’s
performed the 1-back or 2-back task in blocks of 40 pantomime trials. Half of the participants started with
the 1-back task and the other half with the 2-back task. The n-back numbers were presented every second
and n-back repetitions occurred approximately every 5 seconds, once for each pantomime trial on
average. Participants were instructed to balance their effort between the n-back task and the pantomime
task.
2.1.4.

Analysis

To determine the degree of action similarity, two authors (AB and another psychology student) rated the
similarity between the actions of participant and confederate on a scale of 1 to 10 with 10 representing
identical actions. Both raters were naïve to the action functionality conditions across stimulus pictures and
the ratings of both raters correlated significantly across participants (r = .81, SD=.04). The timing of the
confederate’s action in comparison to the participant’s actions was crucial. Actions of the participant that
started before the confederate’s action (M=2%, SD=4%) were removed from the analysis because no
imitation could have been taken place. We also wanted actions to be spontaneous and therefore excluded
the trials from the analysis in which the timing of the participant’s action was delayed and performed after
the deadline had passed (M=6%, SD=4%). Actions were also not analyzed when raters bared no
consensus (a difference larger than 5 points) on the degree of similarity between the participant’s and
confederate’s action (M=2%, SD=2%). Eventually, 90% of the actions (SD=6%) across participants were
considered in the analysis. In all these trials, the confederates made no errors during the performance of
the action.
To ensure that the trained gestures of the confederates were indeed experienced as functional and
dysfunctional actions by the participants, we invited four additional individuals to rate the actions on a
scale of functionality between 0 and 100 (100 is fully functional). These raters were presented with all
160 objects together with a text describing the confederate’s action response. Note that the confederates
used these objects and texts to memorize and produce the actions in the experiment. Raters could rate the
functionality of these actions by clicking on a digital slider scale with a computer mouse pointer (see
Supplementary Figure 1). Functional actions were indeed rated significantly more functional as
dysfunctional actions (functional: M=80, SD=16; dysfunctional: M=41, SD=7; t(3)=4.29, p=0.02).
The amount of hits and false alarms were assessed for the n-back task. Differences in performance
between de 1-back and 2-back task were expressed as d’ (d-prime) a measure derived from signaldetection-theory, and calculated as z-scores of the percentage hits minus z-scores of the number of false
alarms (Stanislaw & Todorov, 1999) per 1-back and 2-back condition.
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Reported outcomes are based on two-tailed t-tests or Pearson correlations. Asterisks in the plots indicate
the alpha significance level for statistical comparisons (*p<0.05, **p<0.01, ***p<0.001, ns=not
significant). Error bars indicate the standard errors of the mean.

Figure 1. Apparatus, stimuli, and procedure of pantomime
experiment 1. (A) Schematic drawing of apparatus. Confederate and
participant sat opposite of each other while watching the pictures
presented on a laptop. Keyboards for responses to the auditory n-back
task were positioned below the table. (B) Schematic drawing of the
procedure. Participants were presented a red screen for 2 seconds and
an object for 1 second, followed by a black screen for 2 seconds to
indicate that the action had to be produced. The presentation of a brush
was associated with an unlikely and dysfunctional action by the
confederate. In this case the confederate would pick up the brush and
put it to her ear as if it was a phone. The phone picture was
accompanied with the same action and thus stereotypical and functional
action. Note that presentation order was randomized and the likelihood
that two objects with similar actions repeated each other was minimal.
Both pictures closely correspond to the actual pictures presented during
the experiment, which are here not displayed here for copyright
reasons.

2.2. Results and Discussion
2.2.1 Action Similarity
We investigated to what degree the participants’ actions were influenced by the confederate’s actions. To
answer this, we analyzed the similarity between the participant’s actions and the confederate’s action
depending on the functionality of the confederate’s action in the present trial (trial n). Results show that
actions were more similar when the confederate performed functional rather than dysfunctional actions
(Figure 2A; functional: M=6.7, SD=0.5; dysfunctional: M=3.3, SD=0.6; t(35)=47.70, p<0.001). For
example, 97% of the participants displayed similar behavior as the confederate by picking up a fictional
item and putting it to the ear after seeing a picture of a phone. This is not surprising because these types of
actions were stereotypical. However, participants also produced actions that were less functional but still
similar to the confederate’s actions. For example, 65% of the participants put a fictional phone to their ear
if the confederate did this (similarity ratings equal or larger than 5) in response to the presentation of a
brush. Participants sometimes produced rather bizarre behavior that was remarkably similar to that of the
confederate (see Supplementary Movie 1 and 2), including actions such as eating fireworks (43% of the
participants) or putting a thumbtack in the eye (15% of the participants). More importantly for our
purposes, we also analyzed the similarity between the participant’s actions and the confederate’s action
depending on the functionality of the confederate’s action in the previous trial(s) (trials n-1, n-2, etc.).
Supporting the notion that the participants sometimes produced similar actions as the confederate, action
8

similarity in any given trial correlated with the action similarity scores in the last three preceding trials
(Figure 2B). This suggests that the mechanism that biases participants to produce similar actions as the
confederate fluctuates in the order of at least 3 trials over time. As shown in Figure 2C, functional actions
were more likely to be reproduced by the participants when preceded by functional actions of the
confederate (previous functional: M=7.0, SD=0.6; previous dysfunctional: M=6.8, SD=0.5; t(35)=2.21,
p=0.03). The same applied to dysfunctional actions (previous functional: M=3.4, SD=0.8; previous
dysfunctional: M=3.2, SD=0.7; t(35)=2.09, p=0.04), indicating that even a dysfunctional action of the
confederate was likely to be similar to the participant’s action when the preceding action was functional.
In other words, watching the confederate perform a functional action in a preceding trial promoted action
similarity in the present trial1, independent of the present functionality of the confederate’s action. The
positive effect of a previous functional trial on action similarity in the present trial did not interact
between present functional and dysfunctional actions (t(35) = 0.54, p = 0.59).
During post-hoc debriefing only one of the thirty-six participants indicated to have the feeling that the
experiment was designed to measure interactions with the other participant (i.e., the confederate). None
indicated that they were aware of an explicit tendency to imitate the other person. This suggests that the
findings do not reflect a particular strategy. To sum up the results, participants are less likely to produce
the same action as the confederate when they observed a dysfunctional rather than a functional actions but
action similarity increases when the previously observed actions were functional.
2.2.2 N-Back working memory
Participants performed an easy 1-back or difficult 2-back task in parallel to the gesture task in
experiment 1. Results show that the total amount of hits and false alarms across blocks for the 2-back task
was smaller and bigger than the 1-back task, respectively (Percentage Hits: 1-back: M=64%, SD=14%;
2-back: M=46%, SD=15%; Number of False Alarms: 1-back: M=29, SD=24; 2-back: M=35, SD=22;
Difference in d’: M=1.35, SD=1.12; t(35)=7.22, p<0.001). This difference suggests that participants’
performance dropped in the 2-back task as compared to the 1-back task because working-memory
resources were depleted more (Baddeley, 2003; Conway et al., 2005; Owen, McMillan, Laird, &
Bullmore, 2005). As demonstrated in the following analyses, we predicted that the depletion of working
memory capacity during the 2-back affected the similarity in behavior between confederates and
participants.

A post-hoc analysis was performed to test whether not only imitation rates depend on the confederate’s action
functionality in preceding trials but also whether the functionality of the actions produced by the participants
themselves was affected by the action functionality of their preceding actions (i.e., independent of the confederate).
After rating all actions of the first 30 participants on functionality, we found no such effects. Actions preceded by
less functional actions (i.e., functionality score <= 8.25) were rated as functional (M=8.236, SD=0.292) as actions
preceded by more functional actions (>8.25; M=8.278, SD=0.232) (t(29)=1.13, p=0.27).
1
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Figure 2. Action similarities between confederates and participants. (A) A heat map of histograms of action similarity rates
(y-axis) per performed action (x-axis). Brighter colors display which actions were very similar. The confederate’s dysfunctional
and functional actions are located left and right from the dashed vertical line and produced dissimilar and similar actions by the
participant, respectively. The example objects from Figure 1 are highlighted with the dotted vertical lines. (B) The average serial
correlation across participants between action similarity of present trials and n trials back in time. The lines that connect data
points across categories in figures 2B and 2C do not represent continuous data but merely serve to ease comparisons across
conditions. (C) The participant’s action similarity in present trials as a function of confederate’s action functionality (functional =
Func., dysfunctional = Dysf.) in previous trials. To ease comparison with the results of experiment 2 (see Figure 4C), action
similarity rates were baseline corrected by subtracting average similarity rate per functionality condition (see text for average
uncorrected similarity rates).

2.2.3 Action Similarity per n-back working memory condition
Last, we analyzed whether participants copied the confederates’ actions more when under high working
memory load as compared to low load. A data trend suggested that participants’ actions were rated as
more similar to the confederates’ actions during the 2-back task (M=5.0, SD=0.7) compared to the 1-back
task (M=5.2, SD=0.5) although this effect just touched the significance level of an alpha of 0.05
(t(35)=2.00, p=0.05). The effect of load-induced increases on action similarity did not differ between
functional and dysfunctional trials (t(35)=0.20, p=0.84). The magnitude of increases in action similarity in
present trials after preceding observing functional actions of the confederate was neither affected by
10

working memory load for present functional trials (t(35)=1.09, p=0.28) nor for present dysfunctional
trials (t(35)=0.57, p=0.57). These results suggest that increased working memory load may increase the
urge to produce similar actions as the confederate independent of previous trials.
Taken altogether, the results suggest that participants do not only consider the functionality of the
currently observed action of another person when engaging in the production of similar actions. Rather,
they also consider the functionality of previous actions of this person, with the effect that previously
experienced functionality of the model action increases the tendency to reproduce the current model
action. Before considering the wider implications of this observation, we report the outcome of the second
experiment, that aimed to conceptually generalize the findings with a setup that allowed us to assess the
degree of action similarity more objectively (i.e., without subjective ratings) and to fully control the
behavior of the (now virtual) confederate.
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3. Experiment 2
In experiment 2 we sought to investigate trial-to-trial effects of action functionality on action similarity
between participants and a confederate in a rather different, and technically more efficient setting.
Participants were provided more time than in experiment 1 to observe the “confederates” actions, which
now consisted of (function or dysfunctional) moves in a Tetris-like game. This allowed the participant to
more closely follow and evaluate the observed model actions and potentially adapt his/her own actions
depending on their opponent’s success.

3.1. Material & Methods
3.1.1.

Participants

A separate group of thirty-seven individuals participated (age M=19.22, SD=4.62; 20 male and 17
female), together with a virtual confederate (the computer). Participants sat alone at the table and used the
laptop’s keyboard for responses.
3.1.2.

Stimuli and procedure

Participants played an adapted version of the popular computer game Tetris against a confederate. The
participants met the confederate (same as in experiment 1) in a separate room right before the experiment
started. The participants were told that the confederate will play the Tetris game in a separate room but
that his/her game screen will be visible to them. The original Tetris game is a two dimensional singleplayer game in which players try to efficiently fill an empty container space (i.e., a Tetris field) with a
sequence of blocks that fall from the ceiling at random locations (Figure 3A). Players can rotate and move
the blocks to the correct positions with the goal to leave no empty spaces at the bottom of the field. When
a horizontal row of cells in the field is fully filled with blocks, the participant gains points, the row
disappears, the entire field is lowered, and the speed at which the blocks fall down is sped up. To simplify
our adapted version of Tetris, only two blocks fell down per trial, blocks could not be rotated, rows of
cells did not disappear when fully filled, and the speed of the moving blocks was kept at a steady and
slow pace of one cell per second across trials (Supplementary Movie 3). The Tetris field consisted of 15
by 10 cells and each block was made out of 5 cells.
In our version of Tetris, an additional field of a virtual confederate was depicted to create a context in
which imitation was possible (see right in Figure 3A). The blocks of the confederate fell three seconds
ahead of participants’ blocks such that the participant could evaluate the confederate’s block trajectories.
These trajectories were preprogrammed to ensure identical trials across participants. The trajectories
consisted of movements from a random position at the ceiling to the final location at the field’s base.
Participants controlled the placement of their own blocks by moving each block to the left or right for one
cell per second by using the arrow keys on the computer’s keyboard. The participants were naïve to the
confederate as they were told that the other field was controlled by a participant that sat in an adjacent
room in the lab.
We instructed participants to minimize the amount of “damage” points by keeping the base field as flat
and filled as possible. They received one damage point for each block sticking out of the base field (i.e.,
12

one point per increase or decrease in height across the field) and four damage points for each empty cell
below filled cells. Importantly, the confederate dropped each of the two blocks per trial in either a
functional manner causing few damage points or dysfunctional manner causing many damage points
(Figure 3B). This resulted in four possible conditions per trial: functional/functional,
dysfunctional/functional, functional/dysfunctional, and dysfunctional/dysfunctional. Each condition was
repeated for 5 trials to enhance the apparent persistence of the confederate’s action types. All participants
played the same 80 trials (160 blocks) in random orders and the layout of each field and the two blocks
varied across the trials (for more examples, see Supplementary Figure 3).
As in experiment 1, participants performed an auditory n-back task simultaneously with the Tetris game.
A 1- or 2-back repetition was presented approximately three times every trial.
3.1.3 Analysis
The design of the Tetris game allowed objective measures of action similarity rates by calculating the
horizontal distance between the participants’ and confederate’s final block positions per trial (a larger
distance meant less action similarity).
Figure 3. Apparatus, stimuli, and procedure of
experiment 2. (A) Schematic drawing of the Tetris game
stimuli. The left and right Tetris fields were controlled by
the participant and the computer confederate, respectively.
Two blocks (grey) had to be placed on the bottom of the
field per trial with the goal to create an as flat base surface
(black) without empty cells (white). A block slowly
appeared at the top of the field and fell one cell per second
until it hit the base field or an already placed block.
Participants could control the blocks by moving them to
either the left or right at a rate of one cell per second.
Participants were also able to see the confederate’s actions
in advance to enable action evaluation and to potentially
adapt their own actions when necessary. Alternative to the
current figure, blocks were colored red and green, the
background was grey, and field raster lines were not
visible in the actual experiment (see Supplementary
Movie 3). (B) The placement of a block by the computer
confederate was either functional (i.e., producing a flat
base surface) or dysfunctional with regard to the task’s
requirements (i.e., eventually a bumpy rather than flat
field). A trial consisted of two consecutive blocks that
were placed either both functional (top-left), functional
followed by dysfunctional (top-right), dysfunctional
followed by functional (bottom-left), or both dysfunctional
(bottom-right). The blocks received the same color as the
base field during the experiment but are here shown in
light and dark grey to indicate the order of the first and
second block, respectively. Arrows and text were also not
part of the experimental design but are added for
clarification.
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3.2 Results and Discussion
3.2.1 Action Similarity
Despite considerable differences in the setup and the task, the outcome was very similar as in
experiment 1: functional actions of the model were more likely to be imitated than dysfunctional actions
(Figure 4A; functional: M=8.9, SD=0.3; dysfunctional: M=7.6, SD=0.3; t(36)=20.51, p<0.001). Also,
preceding action similarities correlated with subsequent action similarities (Figure 4B), indicating that a
history of action resonance promoted more resonance in the present trial. Especially previous functional
model actions enhanced the participants’ tendency to produce similar actions in the present trial
(Figure 4C). This effect was highly significant for present functional (previous functional: M=9.2,
SD=0.5; previous dysfunctional: M=8.4, SD=0.3; t(36)=10.37, p<0.001) and current dysfunctional model
actions (previous functional: M=7.6, SD=0.3; previous dysfunctional: M=7.1, SD=0.4; t(36)=6.98,
p<0.001). A significant interaction shows that the size of the effect of previous trials on action similarity
in present trials is stronger for present functional than dysfunctional actions (t(36) = 2.16, p = 0.04). The
latter result indicates that a sequence of a dysfunctional-to-functional trial causes a larger change in action
similarity than a dysfunctional-to-dysfunctional trial.
In comparison to experiment 1, the trial-to-trial effect on action similarity was approximately 4 times
stronger (functional: t(71)=6.57, p<0.001; dysfunctional: t(71)=2.95, p<0.01). Note that the similarity
scale in experiment 2 represents a different measure than the scale and contains less variance in action
similarities than in experiment 1 (see Figure 4A). Z-score normalized values nonetheless indicated a
stronger effect of preceding functional actions on subsequent action similarities in experiment 2 than in
experiment 1 (functional: t(71)=7.66, p<0.001; dysfunctional: t(71)=3.85, p<0.001). It is likely that the
design of experiment 2, including the additional time provided to the participants to evaluate the
confederate’s actions, strengthened the effect of action functionality in preceding trials on action
similarity rates in subsequent trials.
3.2.2 Working Memory
Similar to experiment 1, working-memory results show that the total amount of hits and false alarms
across blocks for the 2-back task was smaller and bigger than the 1-back task, respectively (Percentage
Hits: 1-back: M=58%, SD=14%; 2-back: M=42%, SD=14%; Number of False Alarms: 1-back: M=21,
SD=12; 2-back: M=36, SD=16; Difference in d’: M=1.35, SD=1.12; t(36)=8.34, p<0.001). In conclusion,
the 2-back task was more difficult and increased working-memory load more than the 1-back task.
3.2.5 Action Similarity per n-back working memory condition
As shown in experiment 1, the tendency to imitate the confederate increased when participants performed
a distracting secondary working memory task in parallel to the first task. However, this effect of task load
was absent in experiment 2 (low load: M=8.3, SD=0.2; high load: M=8.3, SD=0.2; t(36)=0.23, p=0.82)
and the effect size did not differ between functional and dysfunctional trials (t(36)=0.70, p=0.49). The
magnitude of increases in action similarity due to preceding functional actions neither differed between
low and high working memory load in present functional trials (t(36)=1.06, p=0.29) nor in present
dysfunctional trials (t(36)=0.92, p=0.37). These results suggest that increased working memory load had
no effect on imitation rates while participants played Tetris. In sum, the effects of working memory load
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on action similarity in experiment 1 were not replicated in experiment 2. The altered design in the Tetris
task may have removed a participant’s necessity to use working memory resources for adapting the
tendency to produce similar actions as the confederate.

Figure 4. Action similarities. (A) Same results as in Figure 2 but now for experiment 2. The terms at the bottom of the figure
indicate the type of action for block 1 – block 2. (B) Present trial action similarity correlated with action similarity up to n=4
preceding trials, indicating that short changes in the tendency to imitate lingered on to subsequent trials. (C) Participants were
again more likely to imitate actions when the confederate performed a functional action in the previous trial.
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4. General Discussion
The aim of the present study was to see whether people do not only tend to copy behavior of other people
they are exposed to, as previous research leads one to expect, but also whether this tendency is sensitive
to the functionality of the observed behavior. Our findings show that participants tended to spontaneously
copy quite eccentric and inapt behavior of a present human model sitting in front of them (in experiment
1) or a non-present opponent whose actions were displayed spatially next to them on a computer screen
(in experiment 2). This observation is consistent with previous demonstrations of negative consequences
due to imitation (Belot, et al., 2013; R. Cook, et al., 2012; Naber, et al., 2013), and supports the
assumption of a close connection between perception and action (Dijksterhuis & Bargh, 2001; Hommel,
et al., 2001) despite cognitive self-control of actions. Remarkably, we additionally find that a person’s
actions depend on the history of functionality of actions observed in others. Previous actions of others
seem to have a modulatory influence on the preparation of subsequent functional actions.
These results demonstrate a new property of action similarity, namely fluctuations in response similarities
across time as a function of the observed action functionality. These effects on behavior linger on from
trial to trial. The finding that the magnitude of action similarity correlates across at least three consecutive
trials suggests that the degree of overlap between a confederate’s and participant’s actions is caused by
relatively slow action-perception dynamics. The phenomenon that the confederate’s dysfunctional actions
are more likely to be copied by subjects after a functional action may be caused by the same mechanism.
However, what might be the mechanism underlying the trial to trial effects on action similarity between
agents?
First, supposing that functional behavior makes the observed agent more credible or trustworthy when
considering the relevance of that behavior for present action-control purposes, it is tempting to see this
relationship as a rudimentary basis of the demonstrated relevance of interpersonal trust for spontaneous
imitation and mimicry (Over, et al., 2013; Whiten, McGuigan, Marshall-Pescini, & Hopper, 2009).
Seeing a person performing a functional action may increase that person’s credibility. The instigation of
trustworthiness might cause the observer to skip the stage of action evaluation and cognitive control when
preparing actions during the observation of the trustee. Recent evidence suggests that at least the reverse
is true. In a study by Over and colleagues (2013) children gained trust for a person that imitated them.
The same holds for positive feelings: a priori liking increases rates of imitation (Stel, et al., 2010) and
increased imitation causes liking between interacting partners (Chartrand & Bargh, 1999). Supported by
studies showing a link between trust and liking (e.g., Nicholson, Compeau, & Sethi, 2001), it is therefore
not unlikely that trust has similar effects on imitation as liking.
Second, an agent that produces a surprising, dysfunctional action after a functional action may therewith
attract additional attention and consequently facilitate action resonance (Bach, et al., 2007). Such an
account concurs with a recent identification of modulatory effects on imitation by action visibility (Naber,
et al., 2013) and the effect of the amount of attention on imitation (Chong, et al., 2009; van Schie, et al.,
2008). In line with these reports, it is more difficult to control automatic mirroring responses when
attention is focused on other’s rather than the self (Spengler, Brass, Kühn, & Schütz-Bosbach, 2010). An
alternative explanation is that dysfunctional actions do not attract but repel attention in current trials.
Attention to the agent may be repelled when the agent’s action is irrelevant to the observer. This means
that when less or no attention is allocated on the agent, the degree of the perception-action interaction and
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imitation decreases. Changes in attentional focus from trial to trial as a function of changes in action
functionality may thus underlie the fluctuations in action similarity across trials.
Third, the decrease of similarity after the observation of a dysfunctional action may also be the result of
increased self-other distinction (Hommel, Colzato, & van den Wildenberg, 2009) and/or the detection of a
discrepancy between one’s own action scheme and someone else’s. This may create, or be the result of,
cognitive conflict that triggers additional cognitive control, as observed with experimentally induced
cognitive dissonance (Van Veen, Krug, Schooler, & Carter, 2009) or in incongruent trials of a Stroop or
Simon task (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Gratton, Coles, & Donchin, 1992). If a
conflict in action representations increases the degree of executive functions (Botvinick, et al., 2001), topdown cognitive control should be stronger in trials after trials in which the model showed dysfunctional
behavior. Given the evidence that more cognitive control reduces the impact of spontaneous response
tendencies (van Leeuwen, et al., 2009), this would explain why we found less evidence of spontaneous
imitation after dysfunctional than after functional trials. Vice versa, the observation of a functional action
may not trigger cognitive control functions, leading to a higher probability of spontaneous imitation of
subsequent dysfunctional actions. These three propositions, however, have yet to be established.
In line with previous findings, the results of both experiments provide strong evidence that spontaneous
imitation, mimicry, or action compatibility is not a primitive and context-insensitive tendency (Heyes,
2011). Rather, the tendency to copy elements of an observed action is modulated by (1) the present
functionality of the observed behavior, with functional behavior being more likely to be reproduced, and
(2) the functionality of observed behavior in the previous trial. This is in line with recent work indicating
that previous experiences are important for imitation to occur (Heyes, et al., 2005). The first observation
was expected as functional actions are more stereotypical, therewith increasing the probability that a
similar action will be performed. However, the second observation is even more interesting for the
influence of time on action similarity between agents: Its strength does not just depend on present
functionality but also on previous functionality of the model’s behavior. In other words, the impact of the
other person’s behavior on one’s own action control seems to depend on the expected usefulness of that
behavior.
The role of action control became especially evident in experiment 1. Participants had to perform a
1-back or 2-back task in parallel to producing action. The idea was that dual-tasking depletes the
participants’ executive control functions, therewith decreasing the amount of control of an individual’s
actions and subsequently facilitating action similarity (van Leeuwen, et al., 2009). As such, adding the
n-back task was a useful paradigm to prevent that no action would be imitated at all. It also allowed us to
replicate – though only in experiment 1 – the previously reported effect of working memory load on the
amount of action similarity between agents (van Leeuwen, et al., 2009). Data showed no link between
more working memory load and more action similarity in experiment 2. The low performance on the
n-back task in experiment 2 suggests that participants failed to balance attention for the two tasks, perhaps
because they focused too much on the Tetris game. Alternatively, the difference in design may underlie
the difference in findings between the two experiments. The lacking physical presence of a model in
experiment 2 or the possibility that our Tetris variation may have been too easy to perform could have
reduced task demands, therewith reducing impact of the working memory task. While the findings
confirm that the physical absence of a person does not prevent participants to reproduce his actions
(Krämer, Kopp, Becker-Asano, & Sommer, 2013; Krämer, Simons, & Kopp, 2007; Naber, et al., 2013),
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more research is needed to investigate whether physical human presence and task-difficulty may increase
effects of working memory on action similarity. Nonetheless, the fact that behavioral contagion of action
schemes is still present when individuals have no direct social interaction with other persons (Naber et al.,
2013; Longo & Bertenthal, 2009) suggests that social closeness is not a primary drive of action resonance.
The difference in experimental design and working memory results between experiment 1 and 2 may
raise the question whether action similarity in experiment 2 is caused by the same mechanism as in
experiment 1, that is, action-evaluation-induced fluctuations in imitation across trials. While the pattern of
results of experiment 1 is remarkably comparable to that of experiment 2, the experiments merely overlap
in action context. Namely, imitators can observe the actions of a model – physically present or not –
before they produce their own. Perhaps such circumstances are enough to facilitate the evaluation of
action functionality and the control of the tendency to imitate in subsequent trials. Alternative to
experiment 1, imitation in experiment 2 may also be caused by spatial compatibility (Bertenthal, Longo,
& Kosobud, 2006; Catmur & Heyes, 2011; Cooper, Catmur, & Heyes, 2013), a mechanism slightly
different from automatic imitation (Marcel Brass, Bekkering, & Prinz, 2001). Spatial compatibility refers
to a similarity in what is done with an object while imitation refers to a similarity in the topographical
responses (Heyes, 2011). Imitation is, however, entangled with spatial compatibility in the design of
experiment 2 but it would be interesting for future research to investigate whether spatial compatibility,
like automatic imitation, is sensitive to previously observed action functionalities.
Another difference between experiment 1 and 2 was the composition of the trials. In experiment 2 a trial
included of two consecutive actions (i.e., two Tetris blocks falling down) while a trial in experiment 1
included just one action. The design of experiment 2 may have caused participant’s to assign unequal
levels of attention or to experience different changes in trust for the first as compared to the second block.
For example, a preceding dysfunctional action may have triggered more distrust in the participant and
hence less imitation in the subsequent trial than the amount of trust and increased imitation triggered by a
preceding functional action. This explanation supports the interaction between preceding and present
action functionality in experiment 2.
In sum, executive control, social interaction, and the evaluation of actions play modulatory roles in the
production of actions. We deem it most plausible that the mapping of the perception of others on selfinitialized actions is a primary driver of actions and that executive control, goal evaluation, and social
factors are secondary functions that can modulate the degree of action control to some extent. This idea
concurs with findings demonstrating that damage to the frontal lobe, a brain area involved in executive
control of actions, causes more imitation in patients (M. Brass, et al., 2003; Lhermitte, Pillon, & Serdaru,
1986). Other factors that may affect imitation are the timing of actions and attentional resources. For
instance, very short lags between observed and self-initiated actions may result in less imitation because
this weakens the probability to link perception and action (for a discussion, see Aczel, Bago, & Foldes,
2012; Belot, et al., 2013). On the other hand, a very long period between action observation and execution
may reduce the probability of action mapping because action representations may weaken as time passes.
Specific effects of the time between action observation and execution on imitation would be an interesting
aspect to study in the near future.
1. Conclusions
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The urge to copy others’ behavior presents itself sometimes at rather unusual moments. Our experiments
demonstrate how people may adapt their own actions to that of others even when these are maladaptive.
Participants occasionally copied strange and atypical behavior, especially after a previous observation of
functional behavior, which was probably not the result of a self-initiated action scheme. This
demonstrates the complexity of the interaction between people and the brain’s tightly linked perceptionaction mechanisms, source evaluation, and previous experiences with the mimickee.
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4. Supplementary Materials
4.1. Supplementary Figures

Supplementary Figure 1. Raters indicated how functional each action was with respect to the presented
object. Actions were described after the presentation of the object and raters could use the mouse to score
the functionality of the action on a scale from zero to hundred.

Supplementary Figure 2. More examples of field and block layouts per functionality condition in
experiment 2.
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4.2. Supplementary Movies

Supplementary Movie 1. Recordings of a confederate and participant in action. A piece of fireworks is
presented and the confederate produces a dysfunctional action by fictionally picking up the fireworks and
putting it in her open mouth. The participant produced a very similar action. The participant is seated left
and the confederate is seated right in the movie display.
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Supplementary Movie 2. This movie demonstrates how a confederate puts an imaginary thumbtack in
her eye and how the participant imitates the action.

Supplementary Movie 3. Demonstration of two Tetris blocks consecutively falling down on the base
surface of the Tetris fields of a participant (left) and a confederate (right).
25

4.3. List of object images per functional and dysfunctional actions produced by the confederate
4.3.1.

Functional and stereotypical actions

Toilet brush: rotate brush as if cleaning toilet.
Ice cream: lick over hand holding the ice cream.
Panpipes: blow in hands holding panpipe.
Drum: ruffle with two hands.
Coca-Cola can: drink movement with can at lips.
Flute: move all fingers up and down with both
hands aligned in a row.
Coat rack: Hang up clothes.
Paint roller: move arm up and down while
holding roller.
Beer tap: move down tap handle.
Knitting: Knit with two sticks.
Soap Pump: move arm up and down right above
table.
Microphone: put microphone to mouth and open
mouth as if singing.
Tweezers: Pull hear out of arm
Glue: Gluing gesture
Drill: Drill gesture
OV- chip card: Swap
Opener: Wrist movement from bottom to top
Rubik's Cube: Horizontal rotation with both
hands
Spatula: Make a flipping barbeque move with
clenched fist
Slicer: With a clenched fist motion slicing an
imaginary slice of cheese from the other hand
Chewing gum: Chew
Headphones: Put it on the head over the ears.
Corkscrew: Make a rotation with a semi open
hand.
Spoon: Move hand to open mouth.
Glasses: Put the glasses on face.
Match: Strike a match along the matchbox.
Computer Mouse: Rotating motion above the
table with convex hand.
Melon baller: Make rotation with the wrist with
a fist.
Cassette deck: Open cassette cover, and put the
cassette in

Pills: Pretend to take a handful of pills in mouth
Tape dispenser: Hold the imaginary dispenser
with one hand, and tear off a piece with the other
hand.
Phone: Put to ear and pretend to talk
Paint brush: Make figures on the table as if you
are painting
Magnifier: Look through the magnifier with one
eye and keep the other eye closed
Kite: Making two fists and look upwards
Fan: Blow yourself cool with one hand
Water pipe: pretend you're holding a hose and
suck on it
Toilet plunger: Make a pumping motion with
two hands as if you unclog a toilet
Tissues: Pretend you blow your nose
Soap: Pretend you wash your armpits in the
shower
Calculator: Tap on the table with your index
finger (or on the inside of your hand)
Globe: Spin the globe with two hands and point
to a place
Sponge: Make circular movements and
scrubbing motions on the table
Zipper: Hold one hand at waist level. The other
hand goes up and down
Flower: Keep a slightly clenched fist under your
nose and smell the flower
Tea Bag: Move up and down as if you're dipping
in a glass
Earplugs: Put ‘something’ in your ears with two
hand at the time
Bell: Make a shaking motion with one hand
Camera: Make a photograph
Harp: Play the harp
Dentures: Put the dentures in your mouth
Tape measure: Measure the table
Volleyball: Serve
Stapler: Push on to the imaginary stapler
Toothbrush: brush teeth
Fries: Eat fries by hand
Pen: Pretend to write
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Window: Push window open
Backpack: Pretend to put on a backpack with
two hands
Razor: Shave your face
Chessboard: Pretend to move a chess piece
Watering can: Pretend if to water the plants
Eraser: Erase something by moving hand back
and forth quick
Hair gel: grab some gel from the pot and grease
your hair
Coffee filter: Open the filter with two hands and
tuck in the machine
Stirrers: Stir gently in an imaginary cup
Stamp: Put one fist on the table
Coffee sweeteners: hold the dispenser and push
on the side as if a sweetener falls out
Yo-yo: Move hand as if you pull the yo-yo up
and down
Asthma inhaler: Hold one hand over your mouth
and press a button on the top with index finger
Glass: Bring to the mouth and drink
Bottle of ketchup: Hold hand in an angle and
squeeze
Deck of cards: Deal the cards
Diablo: Move both hands back and forth and
then put hands up (as if the diablo is thrown in
the air)
Champagne: Shoot the cap off with two hands
Sphygmomanometer: Hold right hand left arm
and make a pumping motion
Shovel: Dig a hole with two hands
Fork: Eat food with fork
Rasp: Rasping motion
4.3.2.

Dysfunctional and atypical actions

Firework: Take a bite
Nasal spray: Drip on your tongue
Pushpin: Put it in your eye as if it is a contact
lens
Scissors: Cut your fingernails
Package of tobacco: Take a bite
Dustpan: Use as a fan

Accordion: pretend to open en close is from the
top to the bottom (instead of from left to right)
Electric Lawnmower: Pretend you hold a remote
control
Binoculars: Watch on your watch and make
circles with two hands and look through
Guitar: Smash it
Bike: Pretend you drive a car
Blow-dryer: Heat hands
Envelope: Fumble up the envelop and throw
away
Bottle of water: Shake
Tennis racket: Pretend to bounce the ball with
open hand
Ax: Chopping if it were a knife
Umbrella: Wave with the umbrella
Game Controller: Pretend it's a steering wheel
Lighter: Wave the lighter in the air (as in a
concert)
Broomstick: Sweep with broomstick
Cigarettes: Put out the cigarette
Auto: Change gear with right hand
Baseball Bat: Make a move like you let the bat
rest on your shoulder
Wing: Use your fists to play the piano
Hammer: Pull out a nail with the rear of the
hammer
Injection needle: swing the needle back and
forth
Graffiti Spray can: Shake
Palette Knife: Make a smearing movement and
pretend to paint the wall Plug: Pretend two
fingers are the plug and put those fingers against
the other hand
Stethoscope: Put one hand against an imaginary
person as if you listen to a heartbeat.
Flatiron: Pretending to steam a shirt by vertical
strokes
Keyboard: Push the buttons one by one from left
to right
Watch: look at the inside of your wrist
Violin: pretend to pull the strings
Clothes peg: Put the clothes peg on a fictional
line with thumb and ring (i.e., not index) finger
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Newspaper: Roll up the newspaper and hit the
table with it
Piggy bank: throw the piggy bank with both
hands in the air and then let fall to pieces
Apple: Pretend to cut the apple by force into
pieces
Blackboard eraser: Beat the blackboard eraser as
if you remove dust
Drawer: Move your hands quickly back and
forth
Hourglass: Shake hands
Nail clipper: file your nails
Perfume: Spray in your mouth
Pepper Mill: Shake as if you sprinkle the pepper
Book: Open the book upside down
Juicer: squeeze an orange with hitting
movements
Door: Open as if it were a curtain
Boxing gloves: Look angry look and make a
gesture with your hand like "come at me"
Handcuffs: Put your hands in front of you next
to each other and try to escape
Screwdriver: flip a screw out of the surface
Whistle: blow on a flute
Medal: Hold right hand flat on the chest and
stretched the other one to the head as a military
commander
Light Switch: repeatedly and rapidly flip button
upside down
Frisbee: Wave the Frisbee in front of you
Hockey Stick: Stab
Whisk: Sweep if it is a fan
Dice: Tap dices against each other
Bubble blower: Looking through the hole as if it
were a magnifying glass
Halter: Shake back and forth
Post stamp: Tear the post stamp
Hair brush: Pretend it's a phone
Key: Pretend you write with the key
Deodorant: Spray behind your ear
Remote control: through it away
Laptop: Use as if it is a pillow
Lipstick: Paint your face with it

Mascara: move from left to right quick in front
of the eyes with one hand
Nail polish: move as if you paint a wall
Earrings: Create a hook two fingers of one hand
Salt: place an open fist on the table
Vacuum Cleaner: Keep one eye squeezed and
pretend you look into the hose
Saw: Hold the saw at both ends and then pretend
you saw from left to right
Flashlight: Rotate wrist quickly with a semi
clenched fist
Toothpicks: Clean nails
Gloves: Applause
Helmet: Hit the head with flat hands
Scarf: Tie around your head
Football: Pretend you have the ball spinning on
your finger
Apple corer: Pretend to peel the apple
Contact lenses: Pretend to put glasses on your
face
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