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Investigating the Relationship between
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Automatic Imitation
Emily E. Butler*, Robert Ward, Richard Ramsey*

Wales Institute for Cognitive Neuroscience, School of Psychology, Bangor University, Adeilad Brigantia,
Bangor, Gwynedd, Wales, United Kingdom

* e.butler@bangor.ac.uk (EEB); r.ramsey@bangor.ac.uk (RR)

Abstract
Automatic imitation is a cornerstone of nonverbal communication that fosters rapport between

interaction partners. Recent research has suggested that stable dimensions of personality

are antecedents to automatic imitation, but the empirical evidence linking imitation with per-

sonality traits is restricted to a few studies with modest sample sizes. Additionally, atypical imi-

tation has been documented in autism spectrum disorders and schizophrenia, but the

mechanisms underpinning these behavioural profiles remain unclear. Using a larger sample

than prior studies (N=243), the current study tested whether performance on a computer-

based automatic imitation task could be predicted by personality traits associated with social

behaviour (extraversion and agreeableness) and with disorders of social cognition (autistic-

like and schizotypal traits). Further personality traits (narcissism and empathy) were assessed

in a subsample of participants (N=57). Multiple regression analyses showed that personality

measures did not predict automatic imitation. In addition, using a similar analytical approach

to prior studies, no differences in imitation performance emerged when only the highest and

lowest 20 participants on each trait variable were compared. These data weaken support for

the view that stable personality traits are antecedents to automatic imitation and that neural

mechanisms thought to support automatic imitation, such as the mirror neuron system, are

dysfunctional in autism spectrum disorders or schizophrenia. In sum, the impact that person-

ality variables have on automatic imitation is less universal than initial reports suggest.

Introduction
People automatically imitate the actions of those around them, a process that increases feelings of
affiliation and rapport between interaction partners [1]. Although contextual or situational ante-
cedents of imitation are becoming clearer [2], the underlying mechanisms remain poorly under-
stood. It has been proposed that the mirror neuron system (MNS), a brain system that responds
to performed and observed actions [3], is a key biological substrate for imitation [4]. Indeed, al-
though contentious [5,6,7,8], a dysfunctional MNS has been implicated in atypical imitation
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abilities in autism spectrum disorders (ASD) and schizophrenia [9,10]. In addition, it has been
suggested that enduring personality variables, such as empathy and narcissism, are antecedents to
imitation [11,12]. However, there is limited evidence that demonstrates how personality influ-
ences automatic imitation. The aim of the current study is to investigate the relationship between
automatic imitation and individual differences in stable personality and subclinical traits.

Different forms of imitation can be conceptually distinguished. Intentional imitation in-
volves deliberately copying an observed movement, whereas automatic imitation refers to un-
intended copying behaviours [13,14]. In recent years, automatic imitation, which is also
referred to as mimicry (e.g., [1]), has been studied through two main methodological ap-
proaches. The first approach typically involves a primary task, such as describing photographs,
which is performed by a participant and a confederate. Whilst the primary task is performed,
copying behaviours of the participant are covertly recorded. Using this approach, automatic
imitation has been documented for a variety of behaviours, including foot shaking and facial
expressions [11,15].

The second measure of automatic imitation is computer-based and uses a reaction time par-
adigm [13,16]. Similar to the first method, the measure of copying behaviour is incidental to
the primary task. For example, the task may involve making a finger movement in response to
a visual cue, whilst simultaneously observing another person’s finger movement [17]. If the ob-
served finger movement is incongruent to the intended finger movement, a reaction time cost
or interference is incurred. Such interference has been demonstrated to be a product of spatial
and imitative components of the task [18]. Thus, interference reflects, in part, an urge to auto-
matically copy an observed action, which must be inhibited when it is inconsistent with a
motor intention [16]. Using these measures of automatic imitation, aspects of social context,
such as pre-existing rapport, a goal to affiliate, mood, and emotional state have been shown to
be antecedents of automatic imitation [2,13].

Insight into the antecedents of automatic imitation has also emerged by investigating how
stable components of personality, rather than social context, may predispose some more than
others to imitate more. Despite the wealth of knowledge regarding individual differences in
personality [19–21], as yet, only a few studies have investigated how stable personality charac-
teristics influence automatic imitation. For example, empathy, which includes emotional com-
ponents such as emotional regulation, as well as cognitive components such as the ability to
understand another person’s perspective and emotions [22], has been previously linked to au-
tomatic imitation using covert recording of copying behaviours [11]. More empathic individu-
als, as measured by a perspective-taking subscale, exhibited more copying behaviours than less
empathic individuals. Additionally, narcissism, which is characterised by several behaviours in-
cluding self-centeredness and a lack of empathy [23,24], has been linked with automatic imita-
tion using the RT paradigm described above [12,25]. Participants with more narcissistic
personality traits showed less interference from observing concurrent actions than participants
with fewer narcissistic traits. Taken together, these results suggest that more self-interested in-
dividuals imitate less compared to those who are more interested in others.

While these studies provide tentative support for a relationship between stable personality
traits and imitation, the evidence is not yet convincing. These studies had relatively small sam-
ple sizes (Empathy sample: n = 50; Narcissism samples: n = 18, n = 24), which represent the
population mean less accurately than larger samples [26]. Furthermore, variables that may
vary with narcissism or empathy and explain variance in imitative tendencies, such as overall
latency in RT paradigms, age and sex, were not taken into account [27,28]. More generally,
given recent failures to replicate landmark results in psychology [29,30], it is timely to investi-
gate these initial findings more rigorously with larger sample sizes and by controlling for con-
founding variables [31].
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PLOS ONE | DOI:10.1371/journal.pone.0129651 June 16, 2015 2 / 18

Competing Interests: The authors have declared
that no competing interests exist.



Furthermore, as yet untested personality factors may also determine one’s tendency to imi-
tate others. For example, using the reaction time measure of automatic imitation, simple sen-
tences that prime a prosocial “state” have been shown to increase automatic imitation [32–35].
Consequently, stable traits that are associated with prosocial behaviours may also modulate the
tendency to imitate others. Two of the Big-Five factors of personality, agreeableness and extra-
version, have been associated with prosocial behaviours, including empathy [36], cooperative
behaviour [37] and altruism [34]. In sum, due to a lack of evidence, the relationship between
automatic imitation and stable personality characteristics is unclear.

Systematic variation in imitation abilities has also been discovered in atypical populations,
such as ASD and schizophrenia, and many have argued that atypical imitation in these popula-
tions is underpinned by a dysfunctional MNS [9, 38–41]. While differences in intentional imi-
tation may occur in ASD and schizophrenia [10,42], other research suggests that automatic
imitation is intact, at least in individuals with ASD [43,44]. As such, the mechanisms that un-
derpin differences in imitation abilities between typical and atypical groups are far from clear
[5,6]. One way to gain insight into the cognitive mechanisms underpinning ASD and schizo-
phrenia is by testing autistic-like and schizotypal traits in the typical population. It has been
proposed that healthy participants show the same traits as those diagnosed with the disorder,
but to a lesser extent [45]. Indeed, if autistic-like and schizotypal traits lie on a continuum from
subclinical to clinical populations, and the workings of the MNS contribute to imitation diffi-
culties present in ASD and schizophrenia, then a relationship between autistic-like or schizoty-
pal traits and automatic imitation might be expected in the typical population.

The aim of the current study is to investigate the relationship between automatic imitation
and individual differences in stable trait-based personality and subclinical traits. By doing so,
we will provide deeper insights into the antecedents of automatic imitation. To assess automat-
ic imitation, we use an established reaction time paradigm that provides an index of automatic
imitative tendencies [17]. In addition, a series of questionnaires measure individual differences
in personality (narcissism, empathy, and Big-Five factors) and subclinical (autistic-like and
schizotypal) traits. In comparison to prior studies, by using a large sample, the data will reflect
the population mean more accurately [26] and by using multiple regression analyses, we can
control for variance in imitative tendencies explained by factors aside from our predictions
[27,28], such as mean reaction time, sex, or age.

Two hypotheses can be distinguished. First, if stable personality factors are robust anteced-
ents of automatic imitation, then relationships between imitation performance and personality
variables should be observed [11,12,25]. Alternatively, if stable traits have little or no influence
on automatic imitation, the view that enduring personality characteristics are universal ante-
cedents of automatic imitation would require revision. Second, if atypical imitation abilities in
ASD and schizophrenia are due to impaired engagement of the MNS [9,39–41] and a continu-
um exists between subclinical and clinical populations, the presence of autistic-like as well as
schizotypal traits should result in reduced automatic imitation. By contrast, no relationship be-
tween automatic imitation and subclinical traits would provide evidence consistent with the
view that the MNS is relatively spared in ASD and schizophrenia and other mechanisms may
be responsible for atypical control of automatic imitation in these disorders [5,7,8].

Method

Participants
Two hundred and forty-three participants took part in this experiment for monetary compensa-
tion. All participants had normal or corrected-to-normal vision and provided written informed
consent prior to data collection. Participants were excluded from the sample if accuracy (n = 8)
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or mean RT (n = 5) on the automatic imitation task was>3SD from the group mean. The final
sample comprised 230 participants (133 female, 97 male; Mage = 21.62 years, SD = 5.41) who
completed the personality, autism spectrum quotient, and schizotypy questionnaires described
below. Fifty-seven of these participants (36 female, 21 male; Mage = 22.04 years, SD = 5.46) also
completed a further two questionnaires, which measured empathy and narcisssm (see below for
details). The data reported here were obtained from human participants under approval from
the Research Ethics and Governance Committee of the School of Psychology at Bangor Univer-
sity. This approval does not include making the data available on a public repository. However,
anonymised data used in this study can be requested from the corresponding authors.

Materials and measures
Mini International Personality Item Pool (mini-IPIP). The mini-IPIP [46] is a 20-item

version of the International Personality Item Pool [47], which measures stable Big-Five person-
ality traits. Particpants responded to statements that assess trait levels of extraversion (e.g.,
Talk to a lot of different people at parties), agreeableness (e.g., Sympathize with others’ feel-
ings), conscientiousness (e.g., Get chores done right away), neuroticism (e.g., Have frequent
mood swings) and intellect/imagination (e.g., Have a vivid imagination). Participants indicated
on a 5-point scale, from very accurate to very inaccurate, how well each of the items describes
them. This measure results in an average score between zero and five for each trait, with a score
of five indicating high levels of the particular trait for each participant.

Short Autism Spectrum Quotient (AQ-10 Adult). The AQ-10 [48] is a 10-item measure
of autistic-like traits. Participants used a 4-point scale from definitely agree to definitely dis-
agree to indicate how true each item is for them. Example items are “I find it difficult to work
out people’s intentions” and “I often notice small sounds when others do not”. Participants
scored one point per autistic-trait consistent answer, thus each participant scored between zero
and ten, with 10 indicating high levels of autistic-like traits.

Brief Schizotypal Personality Questionnaire (SPQ-B). The SPQ-B [49] is a 22-item
questionnaire that assesses schizotypal personality disorder. A yes or no response is required to
each statement or question. An example item is “Have you ever had the sense that some person
or force is around you, even though you cannot see anyone?”. Participants scored one point
per schizotypal consistent response and thus received a score from zero to twenty-two, with a
score of twenty-two indicating a high number of schizotypal traits.

Narcissistic Personality Inventory (NPI-16). The NPI-16 is a 16-item measure of narcis-
sistic personality [50]. Participants indicated which statement out of a choice of two fitted
them best and scored a point for every narcissism consistent statement that they chose. For ex-
ample, participants could be presented with the following two statements; “I know that I am
good because everybody keeps telling me so” and “When people compliment me I sometimes
get embarrased”. In this example, they would score one point for choosing the first statement
and zero for choosing the second statement. Seventeen participants refrained from answering
one or more of the items in the NPI-16. The final score for each participant was the proportion
of narcissism consistent responses that they gave, out of the total items that they answered.
Therefore, scores were not influenced by the number of items that participants answered and
ranged from zero to one, with one being more narcissistic.

Empathy Assessment Index (EAI-22). The EAI-22 is a 22-item measure of empathic per-
sonaility [22]. Participants responded on a 6-point scale from never to always for items such as,
“When I am with someone who gets sad news, I feel sad for a moment too”. Three participants
refrained from answering one or more items on this measure. The final score for the EAI was
also calculated as a proportion so that each participant’s score was not influenced by the number
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of items that they answered. To do this we calculated the maximum they could have scored if
they gave 6 on every item that they answered. We then computed the proportion that their score
was out of the maximum. Scores ranged from zero to one, with one being most empathic.

Automatic imitation task. The automatic imitation task was based on the paradigm de-
veloped by Brass and colleagues [17]. Prior to the start of the task, participants were instructed
to hold down the ‘n’ key with the index finger of their right hand and the ‘m’ key with their
middle finger. On each trial, upon presentation of the number target, instructions were to lift
their index finger if it was a ‘1’ and their middle finger if it was a ‘2’, as quickly and as accurately
as possible. The stimuli were images of a female left hand, viewed from the third-person so that
the fingers of the hand extend towards the participants. The first image displayed the hand in a
neutral position, resting on a flat surface. The other four images showed the hand with it’s
index or middle finger lifted and a number ‘1’ or ‘2’ presented between it’s index and middle
finger (Fig 1). Thus, there were 4 possible target trials and two conditions arose from these,
congruent and incongruent. On congruent trials, the action that participants were cued to per-
form matched the action observed (e.g., the participant lifted their index finger whilst observ-
ing an index finger lift, or lifted their middle finger whilst observing a middle finger lift). On
incongruent trials, the action that participants were cued to perform and the action observed
did not match (e.g., the participant lifted their index finger whilst observing a middle finger lift,
or lifted their middle finger whilst observing an index finger lift).

Each trial consisted of the presentation of a fixation cross for 500ms, followed by the neutral
hand. The neutral hand remained on screen for a random interstimulus interval (ISI) of 800,
1200 or 1600ms before the target. The sucession of hand images produced apparent motion of
a finger lifting at the same time that participants were presented with the number cue. The tar-
get display remained onscreen until participants’made their response, but for no longer than
2000ms. Thus, total trial length varied, although it was never longer than 4100ms. Reaction
time (RT) and error responses were recorded. RT was measured as the time from target onset
to when participants lifted their finger from the ‘n’ or the ‘m’ key. Trials were considered

Fig 1. Automatic imitation task design. All trials for the automatic imitation task began with a fixation cross, then presentation of the neutral hand. After a
variable inter-stimulus interval the target hand would be presented so the participant would be simultaneously cued to make their response, and view the
hand appear to move.

doi:10.1371/journal.pone.0129651.g001
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correct if participants lifted the finger they were cued to lift. Trials were incorrect if they lifted
the wrong finger, lifted a finger before target onset, or took longer than 2000ms to respond.

Trials were organised into a series of eight trials, which included two presentations of each
trial-type in a random order. This eight-trial series was repeated until participants’ completed
60 trials. There should have been 64 trials per participants, but due to a technical error, the last
four trials for each participant were not shown. However, the majority of participants (n = 147)
completed 30 congruent and 30 incongruent trials. Ninety-two participants completed 30 trials
per condition plus or minus one trial (e.g., 29 congruent and 31 incongruent). Four participants
completed 30 trials per condition plus or minus two trials (e.g., 28 congruent and 32 incongru-
ent). Pseudorandomisation permitted no more than 4 identical trials to occur consecutively.

Eight laptops were used to run the automatic imitation task, which was presented to partici-
pants using Psychophysics Toolbox, running in MATLAB. A 2 (congruency: congruent, incon-
gruent) x 8 (laptop) ANOVA was used to test for differences in measured RT between the
laptops. It was found that there was a main effect of congruency (F(1,222) = 1204.23, p<.001,
ηp

2 = .844) such that participants were faster on congruent (M: 434.57, SE: 3.48) than incon-
gruent (M: 519.59, SE: 4.65) trials. There was no main effect of laptop, (F(7,222) = 0.85,p =
.550), and no interaction between congruency and laptop (F(7,222) = 0.74,p = .641). Therefore,
for all analyses we collapsed data across the laptops used.

Design and procedure
Participants first completed three questionnaires under no time constraint and in the following
order: Mini-IPIP, Autism Quotient and Schizotypal Personality Questionnaire. As described
above, whilst completing these questionnaires, participants could refrain from answering cer-
tain items if they wished to. As such, for each participant the number of items that contributes
to each measure varies slightly. Participants then completed the automatic imitation task, in-
cluding a 12-trial practice before the main task. The task was administered in groups of up to
eight participants on laptops that were arranged in two rows with space between participants
that were next to each other. Participants were monitored so that no interaction took place be-
tween them while they completed the task.

In a follow-up phase of the experiment, those participants from the first part who consented
to be contacted regarding further participation were asked to complete measures of empathy
and narcissism in an online survey. Their data was then linked back to data collected during
the first part of the study. Out of the original sample, 57 participants completed two additional
questionnaires, the Narcissistic Personality Inventory (NPI-16; [50]) and then the Empathy
Assessment Index (EAI-22; [22]).

Data analysis
Questionnaire coding. Questionnaires were scored as outlined above. Apart from partici-

pant sex, which was coded as -1 for males and +1 for females, raw scores on all of the question-
naires were centred (the group mean score for each variable was subtracted from each
participant’s score on that variable; [51]). The AQ-10, SPQ-B and EAI-22 can all be broken
down into component factors. The AQ-10 can be broken down into the factors of “attention to
detail”, “attention switching”, “communication”, “imagination”, and “social”. The SPQ-B can
be broken down into “cognitive-perceptual”, “interpersonal”, and “disorganised” factors. And
finally, the EAI-22 can be broken down into “affective response”, “affective mentalising”, “self-
other awareness”, “perspective-taking”, and “emotional regulation” factors. In all of the subse-
quent multiple regression analyses reported, total scores are used rather than component
scores, except for the mini-IPIP as specific hypotheses regarded the subcomponents of
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extraversion and agreeableness. We ran these analyses with the AQ-10, SPQ-B and EAI-22
again with component scores, but this did not change the pattern of results for any of the mea-
sures. Cronbach’s alpha for extraversion (4 items; α = .77), agreeableness (4 items; α = .62),
AQ-10 (10 items; α = .38), SPQ-B (22 items; α = .84), NPI-16 (16 items; α = .77), and EAI-22
(22 items; α = .89) were generally reasonably high.

Automatic imitation. Trials were removed if participants’ gave an incorrect response
(7.23% of total trials), released a key during the ISI (0.20% of total trials) or were slower than
2000ms to respond (0.11% of total trials). Participants were then removed if mean RT (n = 5)
or accuracy (n = 8) was>3SD from the group mean. For each participant mean average RT for
congruent and incongruent trials was then calculated, as well as a congruency effect (incongru-
ent RT minus congruent RT). Furthermore, accuracy was calculated as the percentage of the
total trials on which participants gave the correct response.

Multiple regression analyses. In order to test our primary hypotheses, we used multiple
regression analyses. Multiple regression tests whether predictor variables explain variance in a
dependent measure (i.e., the congruency effect) whilst controlling for variance explained by
other related factors [28]. As such, multiple regression can test whether or not individual differ-
ences in subclinical and/or stable personality factors predict the tendency to automatically imi-
tate others, whilst controlling for the influence of other variables.

Before testing our predicitons, we constructed a base model. The base model was set up to
account for factors that might significantly predict variance in participants’ congruency effect,
which were not part of our primary hypotheses. We initially included mean RT (collapsed
across congruent and incongruent trials), sex, and age in the base model (Table 1). Mean RT
was included because we would expect participants with a faster RT to have a smaller congru-
ency effect. In addition, research has shown that RT differs between sexes and across age
groups [52]. In all subsequent tests of our hypotheses, any factors that significantly predict the
congruency effect from the initial test of the base model were included.

To individually test each of our predictions, participants’ scores on predictor variables were
added to the base model in separate hierarchical multiple regression models (Table 1). By
doing so, any significant predictor would explain variance in the congruency effect, which is
not already explained by the base model. Although it could be argued that the base model
would explain a large amount of variance in the congruency effect and thus disadvantage the
possibility of finding that a stable trait characteristic predicts automatic imitation, this ap-
proach avoids the possibility of finding that a trait predicts the congruency effect but that this
relationship is in fact due to a third variable. However, in order to compare if any results did
change when the base model was not inlcuded, we ran each regression model without the base

Table 1. Summary table of the multiple regression models.

Base model Personality models Subclinical models

Predictors Mean RT Mean RT Mean RT Mean RT Mean RT Mean RT

Participant Sex Participant Sex Participant Sex Participant Sex Participant Sex Participant Sex

Mean RT * Participant Sex Extraversion Narcissism Empathy Autism Quotient Schizotypy

Agreeableness

Conscientiousness

Neuroticism

Intellect/Imagination

Summary of the models that will be tested using multiple regression to examine the predictive ability of each of the variables on the congruency effect.

doi:10.1371/journal.pone.0129651.t001
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model included. Finally, because sex differences have been recorded on trait factors [53], inde-
pendent-samples t-tests were used to test for sex differences on each of the trait measures. For
any measures that showed a sex difference, a sex�trait interaction term was calculated and as-
sessed in separate muliple regression models. To calculate the interaction terms, continuous
predictors were centered and categorical variables were dummy coded as negative one and pos-
itive one [51,54].

Group analyses. Comparisons between subgroups within our sample were performed in
order to closely compare our results with prior work that has investigated similar questions
(e.g., [12]). To do so, two groups were constructed based on each variable within the base
model, as well as for each predictor variable. For sex, males (n = 97) and females (n = 133) were
compared, and for all other variables the groups consisted of the highest or lowest scoring 20
participants. Congruency effects for high and low scoring groups on each variable were com-
pared using independent-samples t-tests.

Power analyses. For the aforementioned analyses, we calculated statistical power using
G�Power 3.1 [55]. The aim of these power analyses was to determine the effect sizes we had the
power to detect with our samples of 230 and 57. In the primary test of our hypotheses, which
involved multiple regression analyses, for the bigger sample (n = 230) we had power to detect
large and medium effects, whereas in the subsample (n = 57) we had power to detect large ef-
fects and some medium effects.

Results

Questionnaires
Mean scores across the entire sample were calculated for each of the questionnaires. As sex dif-
ferences have been found previously on trait measures of personality [53], independent-sam-
ples t-tests were implemented to examine whether there were sex differences on each of the
stable trait characteristics in our dataset. Significant sex differences emerged on measures of
agreeableness, neuroticism and intellect/imagination (all p’s<.05), such that female partici-
pants scored higher for agreeableness and neuroticism, and lower for intellect/imagination.
There were marginally significant differences on conscientiousness, narcissism and schizotypy
(all p’s between 0.05 and 0.1) such that female participants scored higher for conscientiousness,
and lower for narcissism and schizotypy than male participants. No sex differences were found
on extraversion, empathy and AQ (all p’s>0.7).

Automatic imitation
As expected, participants were significantly more accurate (t(229) = 16.93,p<.001) and signifi-
cantly faster (t(229) = -36.09,p<.001) on congruent compared to incongruent trials [17].

Multiple regression
For transparency, simple correlations between the congruency effect and each predictor vari-
able were calculated (S1 Table). However, as the goal of this study is to investigate the influence
of predictor variables on the congruency effect, whilst controlling for confounding factors, we
focus on the results from the multiple regression analyses. Results from all multiple regression
models are summarised in Table 2. Results from the first base model showed that mean RT
(B = 0.29, SEB = 0.04, t(225) = 7.79,p<.001) and sex (B = 6.70, SEB = 2.11, t(225) = 3.18,p =
.002) significantly predicted variance in the congruency effect. The positive weighting for mean
RT showed that as participants’mean RT increased, their congruency effect increased. In addi-
tion, females had a larger congruency effect than males of about 13 ms. Age did not
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significantly predict the congruency effect (B = -0.16, SEB = 0.38, t(225) = -0.43, p = .668) and
was thus removed from the base model in all further analyses. As both mean RT and sex pre-
dicted congruency effect, we also tested the mean RT by sex interaction term. The interaction
between mean RT and sex was a significant predictor of the congruency effect (B = 0.07,
SEB = 0.04, t(226) = 2.00, p = .047). As illustrated in Fig 2, the difference in congruency effect
between men and women is greater at slower than faster mean RTs. The final base model
(model 1) consists of mean RT, sex, and the mean RT by sex interaction.

After establishing the base model (model 1), subsequent models tested our main hypotheses.
For each hypothesis, we created a model that included factors from the base model plus an ad-
ditional predictor variable. By doing so, we were able to test whether any of our predcitor vari-
ables could explain variance in automatic imitation in addition to the variance explained by
factors within the base model.

First, stable trait personality predictors were evaluated. Model 2, including the base model
and all Big-Five factors, explained no more variance than model 1 (F(5,215) = 0.59, p = .705).
In addition none of the Big-Five factors was a significant predictor on its own: extraversion
(B = 2.46, SEB = 2.44, t(215) = 1.01, p = .315), agreeableness (B = -1.80, SEB = 3.06, t(215) =
-0.59, p = .557), conscientiousness (B = -2.79, SEB = 2.41, t(215) = -1.16, p = .249), neuroticism
(B = -1.16, SEB = 2.62, t(215) = -0.44, p = .660) and intellect/imagination (B = 0.57, SEB = 3.19,
t(215) = 0.18, p = .859).

Fig 2. Sex and Mean RT difference in automatic imitation. The relationship between mean RT and congruency effect as a function of participant sex.
Multiple regression analyses showed that mean RT, participant sex and the interaction between these two factors significantly predict the congruency effect.
Individuals with a longer mean RT had a larger congruency effect than those with a shorter mean RT. In addition, women had a larger congruency effect than
men. Furthermore, the interaction indicates that the sex difference was greater for individuals with longer than shorter RTs. Stable personality characteristics,
including narcissism and empathy, as well as autistic-like or schizotypal traits, showed no reliable relationship with the congruency effect.

doi:10.1371/journal.pone.0129651.g002
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Two further personality measures, narcissism and empathy, were evaluated in a subsample
of 57 participants. In two separate models, narcissism (model 3) and empathy (model 4) were
added to the base model. Neither narcissim (F(1,52) = 0.02, p = .897; B = -2.67, SEB = 20.52, t
(52) = -0.13, p = .897) nor empathy (F(1,52) = 0.31, p = .580; B = 19.72, SEB = 35.39, t(52) =
0.56, p = .580) significantly explained variance in the congruency effect in addition to the vari-
ance explained by the base model.

Second, subclinical predictors, including autistic-like and schizotypal traits, were evaluated
in our larger sample (models 5 and 6). Neither autistic-like (F(1,215) = 0.41, p = .522; B = 0.80,
SEB = 1.25, t(215) = 0.64, p = .522) nor schizotypal traits (F(1,194) = 1.93, p = .166; B = -0.61,
SEB = 0.44, t(194) = -1.39, p = .166) significantly explained variance in the congruency effect in
addition to variance explined by the base model.

Across models 1, 2, 5 and 6 (n = 230), mean RT and sex significantly explained variance in
the congruency effect. In models 3 and 4 (n = 57) mean RT continued to predict the congruen-
cy effect, but sex did not (Table 2). However, in these multiple regression analsyes, the effect
size for mean RT (f2 = 1.16) is considered large, whereas the effect size for sex (f2 = 0.06) is con-
sidered to be between a small and medium effect [56]. As a consequence, it is likely that a sam-
ple of 57 may only be large enough to detect the influence of mean RT and not sex, whereas the
sample of 230 was large enough to detect both effects.

Due to prior research showing sex differences in basic trait measures [53], we assessed the
possibilty that sex�trait interactions may explain variance in automatic imitation. Having es-
tablished that sex differences emerged on certain trait varibales within our sample, we tested
whether the relationship between sex and trait predicted performance on the automatic imita-
tion task more than sex or trait variables alone. For those traits that showed significant, or mar-
ginally significant sex differences, additional multiple regression models were run to assess the
predictive ability of interactions between sex and each trait on the congruency effect. Separate
models were constructed to assess each sex�trait interaction. Each model included factors from
the base model (mean RT, sex, and the mean RT by sex interaction), plus one trait predictor as
well as the sex�trait interaction term. None of the sex�trait interactions significantly predicted
the congruency effect on top of variance explained by the rest of the model.

Models 2–6 were also run not including the base model. This showed that no personality
characteristic significantly predicted the congruency effect (all model p’s> .21), except the
model including only schizotypy. As such, schizotypy did significantly predict the congruency
effect (F(1,197) = 8.85, p = .029; B = -1.11, SEB = 0.50, t(197) = -2.20, p = .029) when factors
within the base model were not controlled for.

Group analyses
The regression approach above is an effective means for testing the effects of trait variables on
automatic imitation. However, we also performed group analyses, comparing the congruency
effects for the highest and lowest scorers on different stable traits. Group analyses rule out the
possibility that, in our regression analyses, differences at the extremes might be washed out by
variability in the middle. In addition, group analyses are consistent with the analytical ap-
proach taken in prior work and therefore make it easier to compare our results with prior stud-
ies that have not used multiple regression analyses. Except for sex, which was coded
categorically, for each variable of interest, congruency effects for the 20 participants who scored
the highest and the 20 who scored the lowest were calculated and compared. We investaged
factors within the base model first. First, an independent-samples t-test showed that mean RT
was significantly faster for the low than the high RT group (t(38) = -35.64, p<.001). Subse-
quently, an independent-samples t-test showed that groups that differed on mean RT showed a
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significant difference on conguency effect (Fig 2; t(38) = -6.81, p<.001). The high RT group
showed a larger congruency effect than the low RT group. Splitting the data into groups based
on sex also revealed a significant difference (t(228) = 4.51,p<.001,d = 0.61), such that females
had a larger congruency effect than males. The results from this group analysis is therefore in
agreement with the larger regression analysis.

Next we ran similar high-low group analyses for personality measures. First, to ensure that
the high and low groups scored differently on the relevant personality characteristic, indepen-
dent-samples t-tests were run. For all variables (each of the Big-Five factors, empathy, narcis-
sism, AQ and schizotypy), scores on the relevant personality and subclinical measures were
significantly different between the high and low scoring groups (all p’s< .001). Next, we ran
the high-low group comparisons on congruency effects. We found no significant differences
on congruency effects between those that scored high compared to low on each of the variables
(all p’s> 0.156, except from agreeableness which was 0.072). Due to the smaller sample size for
the narcissism and empathy measures, we also compared the top 10 to the bottom 10 scorers,
and found the same pattern of results as with groups of 20.

Discussion
Little is currently known about the relationship between automatic imitation and stable com-
ponents of personality. The present study fails to support the view that inter-individual differ-
ences in stable personality and subclinical characteristics predict the extent to which
individuals automatically imitate others. These findings suggest that automatic imitation is
more resistant to variance in stable inter-individual differences than previously suggested
[11,12,25]. Moreover, these data are consistent with the view that the MNS is relatively intact
in ASD and schizophrenia and other mechanisms may be repsonsible for the imitative difficul-
ties reported in these disorders [5,6,7,8]. Implications for understanding the antecedents and
cognitive basis of automatic imitation are discussed below.

Stable personality characteristics and automatic imitation
Contrary to our hypotheses, we found that trait personality constructs of narcissism, empathy,
extraversion and agreeableness did not predict the extent to which participants automatically
imitate. The lack of relationship between narcissism and automatic imitation is contrary to pre-
vious research [12,25]. Given recent failures to replicate landmark results in psychology
[29,30], such conflicting results warrant close scrutiny. Indeed, it is important to note similari-
ties and differences between this and prior work. In terms of similarities to prior work [12,25],
we used the same automatic imitation task, the identical short-form measure of narcissism
(NPI-16; [50]), and participants were comparable in age and predominantly female. Further-
more, to allow direct comparison with prior research we replicated the analytical approach
used [12]. In comparison to these prior studies, the current work tested a larger sample (2–3
times larger) and used an additional analytical approach (multiple regression) that could con-
trol for potentially confounding variables [26–28,31,57].

Obhi and colleagues [12] showed that a group of high narcissists had a lower congruency ef-
fect than a group of low narcissists and the effect size was large (Cohen’s d = 1.02; [56]).
Cohen’s d is typically used as a measure of effect size for group differences and is equal to the
mean of group one minus the mean of group two, divided by the pooled standard deviation of
the two groups. In this case, values of 0.2, 0.5, and 0.8 are generally considered to be small, me-
dium, and large respectively [56]. We calculated Cohen’s d based on the methodological infor-
mation and results provided by Obhi and colleagues [12]. Using the same analytical approach
as used previously [12], which compared those who report high and low levels of narcissism,
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we show no differences in imitation performance between these groups. As such, we fail to rep-
licate Obhi and colleagues finding in a sample that is 2–3 times larger.

Furthermore, using multiple regression we are able to control for additional and potentially
confounding variables. Inspection of Obhi and colleagues [12] data shows that the high narcis-
sism group were generally faster (mean RT = 477ms) than the low narcissism group (mean
RT = 502ms). In the current study, regression analyses demonstrate a clear relationship be-
tween the congruency effect and mean RT, which has a large effect size [56]. To be consistent
with the measure of effect size that we calculated for Obhi and colleagues [12], we used our
group analyses to compute Cohen’s d as a measure of effect size for mean RT. We found that
the difference in congruency effect between groups with low and high mean RT had a large ef-
fect size (Cohen’s d = 2.15). We do not, however, show a relationship between narcissism and
the congruency effect. Even if we only regress narcissism and congruency effect, we show no re-
lationship between these variables. As a consequence, it is likely that at least part, if not all, of
the previously reported relationship between congruency effect and narcissism, could be ex-
plained by differences in mean RT. Our findings, therefore, suggest that the relationship be-
tween narcissism and automatic imitation is weaker than the initial evidence suggested.
Further research that tests larger samples and controls for potentially confounding variables is
required to further delineate the relationship between automatic imitation and narcissism.

Prior research has also demonstrated a link between empathy and automatic imitation by
measuring copying behaviours during a live interaction between two people [11]. By contrast,
we did not find any influence of empathy using a computer-based RT measure of automatic
imitation. Therefore, the results of the current study suggest that the influence of empathic pre-
dispositions on automatic imitation is less universal than initially conceived. Indeed, contextual
factors that are integral to live human interactions, such as emotion, may be needed to reveal
relationships between empathy and automatic imitation. For example, research has shown
greater automatic imitation of facial expressions by individuals who are more empathic than
by those who are less empathic [58,59]. By contrast, in socially impoverished contexts, such as
computer-based tasks, individual differences in empathy may have a reduced impact on auto-
matic imitation. As such, future research should focus on identifying potential moderating var-
iables in social cognition [60], such as emotion, as well as comparing different measures of
automatic imitation, as it may help further delineate underlying mechanisms.

Automatic imitation has been shown to be sensitive to temporary social dynamics between
interaction partners [2,13]. For example, priming of a prosocial state increases imitative ten-
dencies in computer-based RT paradigms [32–35]. In the current study, we find no evidence
that stable traits of extraversion and agreeableness, which are associated with prosocial tenden-
cies [36–38], predict the tendency to imitate others. Automatic imitation may, therefore, be
more sensitive to changes in temporary social dynamics than stable trait-based characteristics.

Overall, when using a computer-based task and measuring trait levels of narcissism, empa-
thy, extraversion, and agreeableness, we do not support the view that mechanisms underpin-
ning automatic imitation, such as the MNS, systematically vary as a function of stable
predispositions to be interested in others or behave in a prosocial manner. However, further re-
search could examine potential relationships between automatic imitation and other stable
trait characteristics, which were not measured here.

Subclinical trait characteristics and automatic imitation
The current study also investigated possible links between automatic imitation and subclinical
traits in the typical population. Despite the proposal that autistic-like and schizotypal traits
exist on a continuum from subclinical to clinical manifestations [45] and contrary to
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suggestions that a dysfunctional MNS underpins atypical imitation in ASD and schizophrenia
[9,10,61], we found no evidence for a relationship between autistic-like or schizotypal traits
and automatic imitation. When we did not control for third variables, schizotypal traits nega-
tively predicted the congruency effect. This relationship, however, was not observed when
mean RT and sex were controlled for. These results highlight the methodological importance
of controlling for extraneous variables whenever possible [26–28,31,57]. In short, these data
are not consistent with the idea that imitation deficits in autism or schizophrenia are due to a
dysfunctional MNS.

Two aspects of this result warrant further discussion. First, prior studies that have shown
imitation deficits in ASD and schizophrenia have studied intentional rather than automatic im-
itation [10,40,42,62]. Conversely, in the current task, we measured an RT index of automatic
imitation. These different forms of imitation—intentional vs. automatic—are likely to rely on
different neurocognitive mechanisms, at least to some extent. As such, our results do not point
towards problems in the automatic system in these disorders, but leave open the possibility
that some difficulties may arise from systems underpinning intentional imitation.

Second, the present results are consistent with the view that basic matching processes be-
tween vision and action may be intact in ASD and schizophrenia but other processes, such as
top-down control, may be impaired [5,6,7,8]. Direct evidence for this proposal comes from
studies of automatic imitation using an RT paradigm, which shows that individuals with ASD
have an intact congruency effect [43,44], but lack modulation of imitation based on social con-
text [33]. Further research could directly investigate whether different forms of imitation (in-
tentional and automatic) are impaired in ASD and schizophrenia, as well as the extent that
impairments rely on the MNS or other neurocognitive systems.

Sex differences in automatic imitation
Although it was not part of our a prior predictions, we did find that sex predicted the congru-
ency effect, such that women had a greater tendency to automatically imitate than men. This
result could not be explained by sex-differences in stable traits, as we found that no stable trait
predicted performance on the imitation task and there were no sex�trait interactions. As such,
any pattern of relationship between each trait and automatic imitation was the same for both
male and female participants. Furthermore, we found a sex by mean RT interaction that shows
that as mean RT becomes slower, the sex difference on the congruency effect becomes larger.
This suggests that there is not a general sex difference across all speeds; rather, the sex differ-
ence emerges at slower speeds. Two plausible explanations of the sex difference in automatic
imitation are outlined below.

First, the result may not represent a sex difference per se, but an own-sex bias. The study
was not designed to test for sex differences and, as such, only a female hand was used during
the automatic imitation task. Therefore, given the evidence that children copy behaviours more
that are demonstrated by same gender models [63] and the strength and ubiquity of ingroup
biases even for arbitrarily assigned groups [64], the result could be explained by females show-
ing more sensitivity to an ingroup member than an outgroup member. Second, the result may
reflect a basic sex difference in the systems that underpin performance on the automatic imita-
tion task. Based on performance on similar cognitive control tasks, there is currently some lim-
ited support for such sex differences. For example, women show larger interference effects than
men on flanker [65], oddball [66], as well as gaze- and arrow-cueing tasks [67]. All of these
tasks share a similarity with the automatic imitation task: they require inhibition of a response
to a task-irrelevant feature in order to enforce a task-relevant response. As such, based on sex
differences in the systems that underpin such processes, women may find it more difficult than
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men to suppress the task-irrelevant stimulus. These proposals, however, remain speculative
and further research is required to directly investigate these possibilities.

Limitations
It is possible that null results could, in part, be due to the accuracy of the underlying measures.
For most of our measures, we feel this is an unlikely account of our findings. Cronbach’s alpha
analyses demonstrated generally good reliability of the personality measures used. Indeed, only
the AQ had suboptimal reliability. Additionally, all measures used, despite being short-form
versions, have been previously validated (22,46,48,49,50). Nevertheless, further work that aims
to replicate the null effects observed here with more reliable long-form measures of personality
are welcomed (e.g., the 50-item AQ).

The imitation task that we used indexes interference produced by both imitative and spatial
components of the task. As such, imitation and spatial compatibility between stimulus and re-
sponse could have contributed to our null findings. In order for this to occur, however, it
would require assuming that automatic imitation and spatial compatibility are influenced in
opposite directions by variation in personality traits (e.g. someone with more narcissistic ten-
dencies would exhibit high levels of spatial compatibility alongside low levels of automatic imi-
tation). As we have no reason to propose that such a negative relationship exists, we suggest it
is an unlikely, yet possible, account of our null findings.

Conclusion
The present study provides novel insight into the antecedents of automatic imitation. First, we
found no relationship between automatic imitation and stable components of personality in-
cluding empathy and narcissism. As such, we suggest that the relationship between social com-
ponents of personality and automatic imitation is less universal than initially conceived.
Second, we found no relationship between automatic imitation and autistic-like and schizoty-
pal traits, which is not consistent with the view that a dysfunctional MNS underpins atypical
imitation abilities in ASD and schizophrenia. Instead, this result suggests that the systems sup-
porting automatic imitation are intact in these disorders and other systems may be responsible
for the imitation difficulties observed. More generally, we show the importance for studies of
psychological processes to attempt replication experiments [29,30], study larger samples, and
control for confounding variables [26–28,31,57]. By doing so, a more accurate estimate of the
underlying cogitive architecure is produced.

Supporting Information
S1 Table. Simple correlations between each predictor and the congruency effect for each
multiple regression model.
(TIFF)

Author Contributions
Conceived and designed the experiments: EEB RW RR. Performed the experiments: EEB RW
RR. Analyzed the data: EEB. Contributed reagents/materials/analysis tools: EEB RW RR.
Wrote the paper: EEB RW RR.

References
1. Chartrand TL, Van Baaren R. (2009). Human mimicry. Advances in Experimental Social Psychology,

41, 219–274. doi: 10.1016/S0065-2601(08)00405-X

Individual Differences and Automatic Imitation

PLOS ONE | DOI:10.1371/journal.pone.0129651 June 16, 2015 15 / 18

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0129651.s001
http://dx.doi.org/10.1016/S0065-2601(08)00405-X


2. Chartrand TL, Lakin JL. (2013). The Antecedents and Consequences of Human Behavioral Mimicry.
Annual Review of Psychology, 64(1), 285–308. doi: 10.1146/annurev-psych-113011-143754

3. Rizzolatti G, Craighero L. (2004). The mirror-neuron system. Annual Reviews Neuroscience, 27, 169–
192. doi: 10.1146/annurev.neuro.27.070203.144230 PMID: 15217330

4. Iacoboni M. (2009). Imitation, Empathy, and Mirror Neurons. Annual Review of Psychology, 60(1),
653–670. doi: 10.1146/annurev.psych.60.110707.163604

5. Southgate V, Hamilton de C AF. (2008). Unbroken mirrors: challenging a theory of Autism. Trends in
Cognitive Sciences, 12(6), 225–229. doi: 10.1016/j.tics.2008.03.005 PMID: 18479959

6. Hamilton de C AF. (2013). Reflecting on the mirror neuron system in autism: A systematic review of cur-
rent theories. Developmental Cognitive Neuroscience, 3, 91–105. doi: 10.1016/j.dcn.2012.09.008
PMID: 23245224

7. Wang Y, Hamilton de C AF. (2012). Social top-down response modulation (STORM): a model of the
control of mimicry in social interaction. Frontiers in Human Neuroscience, 6(153), 1–10. doi: 10.3389/
fnhum.2012.00153

8. Cook J, Barbalat G, Blakemore S. (2012). Top-downmodulation of the perception of other people in
schizophrenia and autism. Frontiers in Human Neuroscience, 6(175), 1–10. doi: 10.3389/fnhum.2012.
00175 PMID: 22715325

9. Enticott PG, Hoy KE, Herring SE, Johnston PJ, Daskalakis ZJ, Fitzgerald PB. (2008). Reduced motor
facilitation during action observation in schizophrenia: A motor neuron deficit? Schizophrenia Re-
search, 102, 116–121. doi: 10.1016/j.schres.2008.04.001 PMID: 18485674

10. Williams JH, Whiten A, Singh T. (2004). A systematic review of action imitation in autistic spectrum dis-
order. Journal of Autism and Developmental Disorders, 34(3), 285–299. PMID: 15264497

11. Chartrand TL, Bargh JA. (1999). The chameleon effect: The perception-behavior link and social interac-
tion. Journal of personality and Social Psychology, 76(6), 893–910. PMID: 10402679

12. Obhi SS, Hogeveen J, Giacomin M, Jordan CH. (2013). Automatic imitation is reduced in narcissists.
Journal of Experimental Psychology: Human Perception and Performance, 40(3), 920–928. doi: 10.
1037/a0034056 PMID: 23957308

13. Heyes C. (2011). Automatic imitation. Psychological Bulletin, 137(3), 463–483. doi: 10.1037/a0022288
PMID: 21280938

14. Tomasello M. (1996). Do apes ape? In Heyes C. M. & Galef B. G. (Eds.), Social learning in animals:
The roots of culture (pp. 319–346). New York, NY: Academic Press. doi: 10.1016/B978-012273965-1/
50016-9

15. Stel M, Vonk R. (2010). Mimicry in social interaction: Benefits for mimickers, mimickees, and their inter-
action. British Journal of Psychology, 101, 311–323. doi: 10.1348/000712609X465424 PMID:
19646328

16. Brass M, Heyes C. (2005). Imitation: is cognitive neuroscience solving the correspondence problem?
Trends in Cognitive Sciences, 9(10), 489–495. doi: 10.1016/j.tics.2005.08.007 PMID: 16126449

17. Brass M, Bekkering H, Wohlschlager A, PrinzW. (2000). Compatibility between observed and executed
finger movements: comparing symbolic, spatial, and imitative cues. Brain and Cognition, 44(2), 124–
143. doi: 10.1006/brcg.2000.1225 PMID: 11041986

18. Catmur C, Heyes C. (2011). Time course analyses confirm independence of imitative and spatial com-
patibility. Journal of Experimental Psychology: Human Perception and Performance, 37(2), 409–421
doi: 10.1037/a0019325 PMID: 20731523

19. Durrett C, Trull TJ. (2005). An evaluation of evaluative personality terms: A comparison of the big seven
and five-factor model in predicting psychopathology. Psychological Assessment, 17(3), 359–368. doi:
10.1037/1040-3590.17.3.359 PMID: 16262461

20. Lim B-C, Ployhart RE. (2004). Transformational leadership: Relations to the five-factor model and team
performance in typical and maximum contexts. Journal of Applied Psychology, 89(4), 610–621. doi:
10.1037/0021-9010.89.4.610 PMID: 15327348

21. Shaver PR., Brennan KA. (1992). Attachment styles and the “big five” personality traits: Their connec-
tions with each other and with romantic relationship outcomes. Personality and Social Psychology Bul-
letin, 18, 536–545. doi: 10.1177/0146167292185003

22. Lietz CA, Gerdes KE, Sun F, Geiger JM, Wagaman MA, Segal EA. (2011). The empathy assessment
index (EAI): A confirmatory factor analysis of a multidimensional model of empathy. Journal of the Soci-
ety for Social Work and Research, 2(2), 104–124. doi: 10.5243/jsswr.2011.6

23. Morf CC, Rhodewalt F. (2001). Unraveling the Paradoxes of Narcissism: A Dynamic Self-Regulatory
Processing Model. Psychological Inquiry, 12(4), 177–196. doi: 10.1207/S15327965PLI1204_1

Individual Differences and Automatic Imitation

PLOS ONE | DOI:10.1371/journal.pone.0129651 June 16, 2015 16 / 18

http://dx.doi.org/10.1146/annurev-psych-113011-143754
http://dx.doi.org/10.1146/annurev.neuro.27.070203.144230
http://www.ncbi.nlm.nih.gov/pubmed/15217330
http://dx.doi.org/10.1146/annurev.psych.60.110707.163604
http://dx.doi.org/10.1016/j.tics.2008.03.005
http://www.ncbi.nlm.nih.gov/pubmed/18479959
http://dx.doi.org/10.1016/j.dcn.2012.09.008
http://www.ncbi.nlm.nih.gov/pubmed/23245224
http://dx.doi.org/10.3389/fnhum.2012.00153
http://dx.doi.org/10.3389/fnhum.2012.00153
http://dx.doi.org/10.3389/fnhum.2012.00175
http://dx.doi.org/10.3389/fnhum.2012.00175
http://www.ncbi.nlm.nih.gov/pubmed/22715325
http://dx.doi.org/10.1016/j.schres.2008.04.001
http://www.ncbi.nlm.nih.gov/pubmed/18485674
http://www.ncbi.nlm.nih.gov/pubmed/15264497
http://www.ncbi.nlm.nih.gov/pubmed/10402679
http://dx.doi.org/10.1037/a0034056
http://dx.doi.org/10.1037/a0034056
http://www.ncbi.nlm.nih.gov/pubmed/23957308
http://dx.doi.org/10.1037/a0022288
http://www.ncbi.nlm.nih.gov/pubmed/21280938
http://dx.doi.org/10.1016/B978-012273965-1/50016-9
http://dx.doi.org/10.1016/B978-012273965-1/50016-9
http://dx.doi.org/10.1348/000712609X465424
http://www.ncbi.nlm.nih.gov/pubmed/19646328
http://dx.doi.org/10.1016/j.tics.2005.08.007
http://www.ncbi.nlm.nih.gov/pubmed/16126449
http://dx.doi.org/10.1006/brcg.2000.1225
http://www.ncbi.nlm.nih.gov/pubmed/11041986
http://dx.doi.org/10.1037/a0019325
http://www.ncbi.nlm.nih.gov/pubmed/20731523
http://dx.doi.org/10.1037/1040-3590.17.3.359
http://www.ncbi.nlm.nih.gov/pubmed/16262461
http://dx.doi.org/10.1037/0021-9010.89.4.610
http://www.ncbi.nlm.nih.gov/pubmed/15327348
http://dx.doi.org/10.1177/0146167292185003
http://dx.doi.org/10.5243/jsswr.2011.6
http://dx.doi.org/10.1207/S15327965PLI1204_1


24. Wai M, Tiliopoulos N. (2012). The affective and cognitive empathic nature of the dark triad of personali-
ty. Personality and Individual Differences, 52, 794–799. doi: 10.1016/j.paid.2012.01.008

25. Hogeveen J, Obhi SS. (2013). Automatic imitation is automatic, but less so for narcissists. Experimental
Brain Research, 224, 613–621. doi: 10.1007/s00221-012-3339-6 PMID: 23187883

26. Maxwell SE, Kelley K, Rausch JR. (2008). Sample size planning for statistical power and accuracy in
parameter estimation. Annual Review of Psychology, 59, 537–563. doi: 10.1146/annurev.psych.59.
103006.093735 PMID: 17937603

27. McNamee R. (2005). Regression modelling and other methods to control confounding. Occupational
and Environmental Medicine, 62, 500–506. doi: 10.1136/oem.2002.001115 PMID: 15961628

28. Vik PW. (2013). Regression, ANOVA, and the general linear model: A statistics primer. California:
SAGE Publications Inc.

29. Pashler H, Coburn N, Harris CR. (2012). Priming of Social Distance? Failure to Replicate Effects on So-
cial and Food Judgments. PLoS ONE 7(8): e42510. doi: 10.1371/journal.pone.0042510 PMID:
22952597

30. Shanks DR, Newell BR, Lee EH, Balakrishnan D, Ekelund L, Cenac Z, et al. (2013) Priming Intelligent
Behavior: An Elusive Phenomenon. PLoS ONE 8(4): e56515. doi: 10.1371/journal.pone.0056515
PMID: 23637732

31. Cumming G. (2014). The new statistics: Why and how. Psychological Science, 25, 7–29. doi: 10.1177/
0956797613504966 PMID: 24220629

32. Cook J, Bird G. (2011). Social attitudes differentially modulate imitation in adolescents and adults. Ex-
perimental Brain Research, 211, 601–612. doi: 10.1007/s00221-011-2584-4 PMID: 21336831

33. Cook J, Bird G. (2012). Atypical Social Modulation of Imitation in Autism Spectrum Conditions. Journal
of Autism and Developmental Disorders, 42(6), 1045–1051. doi: 10.1007/s10803-011-1341-7 PMID:
21833823

34. Leighton J, Bird G, Orisini C, Heyes C. (2010). Social attitudes modulate automatic imitation. Journal of
Experimental Social Psychology, 46, 905–910. doi: 10.1016/j.jesp.2010.07.001

35. Wang Y, Hamilton de C AF. (2013). Understanding the role of the ‘self’ in the social priming of mimicry.
PLoS ONE, 8(4), e60249, 1–11. doi: 10.1371/journal.pone.0060249 PMID: 23565208

36. Barrio V, Aluja A, García LF. (2004). Relationship between empathy and the big five personality traits in
a sample of Spanish adolescents. Social Behaviour and personality, 32(7), 677–682.

37. LePine JA, van Dyne L. (2001). Voice and cooperative behaviour as contrasting forms of contextual
performance: Evidence of differential relationships with big five personality characteristics and cognitive
ability. Journal of Applied Psychology, 86(2), 326–336. doi: 10.1037//0021-9010.86.2.326 PMID:
11393444

38. Ashton MC, Paunonen SV, Helmes E, Jackson DN. (1998). Kin altruism, reciprocal altruism, and the
big five personality factors. Evolution and Human Behaviour, 19, 243–255.

39. Oberman LM, Ramachandran VS. (2007). The simulating social mind: the role of the mirror neuron sys-
tem and simulation in the social and communicative deficits of autism spectrum disorders. Psychologi-
cal Bulletin, 133(2), 310–327. doi: 10.1037/0033-2909.133.2.310 PMID: 17338602

40. Thakkar KN, Peterman JS, Park S. (2014). Altered brain activation during action imitation and observa-
tion in schizophrenia: A translational approach to investigating social dysfunction in schizophrenia.
American Journal of Psychiatry, 171(5), 539–548. doi: 10.1176/appi.ajp.2013.13040498 PMID:
24626638

41. Williams JH, Whiten A, Suddendorf T, Perrett DI. (2001). Imitation, mirror neurons and autism. Neuro-
science and Biobehavioural Reviews, 25(4), 287–295.

42. Park S, Matthews N, Gibson C. (2008). Imitation, Simulation, and Schizophrenia. Schizophrenia Bulle-
tin, 34(4), 698–707. doi: 10.1093/schbul/sbn048 PMID: 18499703

43. Bird G, Leighton J, Press C, Heyes C. (2007). Intact automatic imitation of human and robot actions in
autism spectrum disorders. Proceedings of the Royal Society B, 274(1628), 3027–3031. doi: 10.1098/
rspb.2007.1019 PMID: 17911053

44. Press C, Richardson D, Bird G. (2010). Intact imitation of emotional facial actions in autism spectrum
conditions. Neuropsychologia, 48(11–3), 3291–3297. doi: 10.1016/j.neuropsychologia.2010.07.012

45. Nelson MT, Seal ML, Pantelis C, Phillips LJ. (2013). Evidence of a dimensional relationship between
schizotypy and schizophrenia: A systematic review. Neuroscience and Biobehavioural Reviews, 37,
317–327. doi: 10.1016/j.neubiorev.2013.01.004 PMID: 23313650

46. Donnellan MB, Oswald FL, Baird BM, Lucas RE. (2006). The Mini-IPIP scales: Tiny-yet-effective mea-
sures of the big five factors of personality. Psychological Assessment, 18(2), 192–203. doi: 10.1037/
1040-3590.18.2.192 PMID: 16768595

Individual Differences and Automatic Imitation

PLOS ONE | DOI:10.1371/journal.pone.0129651 June 16, 2015 17 / 18

http://dx.doi.org/10.1016/j.paid.2012.01.008
http://dx.doi.org/10.1007/s00221-012-3339-6
http://www.ncbi.nlm.nih.gov/pubmed/23187883
http://dx.doi.org/10.1146/annurev.psych.59.103006.093735
http://dx.doi.org/10.1146/annurev.psych.59.103006.093735
http://www.ncbi.nlm.nih.gov/pubmed/17937603
http://dx.doi.org/10.1136/oem.2002.001115
http://www.ncbi.nlm.nih.gov/pubmed/15961628
http://dx.doi.org/10.1371/journal.pone.0042510
http://www.ncbi.nlm.nih.gov/pubmed/22952597
http://dx.doi.org/10.1371/journal.pone.0056515
http://www.ncbi.nlm.nih.gov/pubmed/23637732
http://dx.doi.org/10.1177/0956797613504966
http://dx.doi.org/10.1177/0956797613504966
http://www.ncbi.nlm.nih.gov/pubmed/24220629
http://dx.doi.org/10.1007/s00221-011-2584-4
http://www.ncbi.nlm.nih.gov/pubmed/21336831
http://dx.doi.org/10.1007/s10803-011-1341-7
http://www.ncbi.nlm.nih.gov/pubmed/21833823
http://dx.doi.org/10.1016/j.jesp.2010.07.001
http://dx.doi.org/10.1371/journal.pone.0060249
http://www.ncbi.nlm.nih.gov/pubmed/23565208
http://dx.doi.org/10.1037//0021-9010.86.2.326
http://www.ncbi.nlm.nih.gov/pubmed/11393444
http://dx.doi.org/10.1037/0033-2909.133.2.310
http://www.ncbi.nlm.nih.gov/pubmed/17338602
http://dx.doi.org/10.1176/appi.ajp.2013.13040498
http://www.ncbi.nlm.nih.gov/pubmed/24626638
http://dx.doi.org/10.1093/schbul/sbn048
http://www.ncbi.nlm.nih.gov/pubmed/18499703
http://dx.doi.org/10.1098/rspb.2007.1019
http://dx.doi.org/10.1098/rspb.2007.1019
http://www.ncbi.nlm.nih.gov/pubmed/17911053
http://dx.doi.org/10.1016/j.neuropsychologia.2010.07.012
http://dx.doi.org/10.1016/j.neubiorev.2013.01.004
http://www.ncbi.nlm.nih.gov/pubmed/23313650
http://dx.doi.org/10.1037/1040-3590.18.2.192
http://dx.doi.org/10.1037/1040-3590.18.2.192
http://www.ncbi.nlm.nih.gov/pubmed/16768595


47. Goldberg LR. (1999). A broad-bandwidth, public-domain, personality inventory measuring the lower-
level facets of several five-factor models. In Mervielde I., Deary I., De Fruyt F., & Ostendorf F. (Eds.).
Personality psychology in Europe ( Vol. 7, pp. 7–28). Tilburg, The Netherlands: Tilburg University
Press.

48. Allison C, Auyeung B, Baron-Cohen S. (2012). Toward brief “red flags” for autism screening: The short
autism spectrum quotient and the short quantitative checklist in 1,000 cases and 3,000 controls. Jour-
nal of the American Academy of Child & Adolescent Psychiatry, 51(2), 202–212.

49. Raine A, Benishay D. (1995). The SPQ-B: A brief screening instrument for schizotypal personality dis-
order. Journal of Personality Disorders, 9(4), 346–355.

50. Ames DR, Rose P, Anderson CP. (2006). The NPI-16 as a short measure of narcissism. Journal of Re-
search in Personality, 40, 440–350. doi: 10.1016/j.jrp.2005.03.002

51. Kraemer HC, Blasey CM. (2004). Centring in regression analyses: a strategy to prevent errors in statis-
tical inference. International Journal of Methods in Psychiatric Research, 13(3), 141–151. PMID:
15297898

52. Der G, Deary IJ. (2006). Age and sex differences in reaction time in adulthood: Results from the United
Kingdom health and lifestyle survey. Psychology and Aging, 21(1), 62–73. doi: 10.1037/0882-7974.21.
1.62 PMID: 16594792

53. Schmitt DP, Realo A, Voracek M, Allik J. (2008). Why can’t a man be more like a woman? Sex differ-
ences in big five personality traits across 55 cultures. Journal of Personality and Social Psychology, 94
(1), 168–182. doi: 10.1037/0022-3514.94.1.168 PMID: 18179326

54. Blair IV, Judd CM., Chapleau KM. (2004). The influence of afrocentric facial features in criminal sen-
tencing. Psychological Science, 15(10), 674–679. PMID: 15447638

55. Faul F, Erdfelder E, Buchner A, Lang A-G. (2009). Statistical power analyses using G*Power 3.1: Tests
for correlation and regression analyses. Behavior Research Methods, 41, 1149–1160 doi: 10.3758/
BRM.41.4.1149 PMID: 19897823

56. Cohen J. (1992). A power primer. Quantitative Methods in Psychology, 112(1), 155–159.

57. Button K. S, Ioannidis JPA, Mokrysz C, Nosek BA, Flint J, Robinson ES J, et al. (2013). Power failure:
why small sample size undermines the reliability of neuroscience. Nature Reviews Neuroscience, 14,
365–376. doi: 10.1038/nrn3475 PMID: 23571845

58. Sonnby-BorgströmM. (2002). Automatic mimicry reactions as related to differences in emotional empa-
thy. Scandinavian Journal of Psychology, 43, 433–443. PMID: 12500783

59. Sonnby-BorgströmM, Jönsson P, Svensson O. (2003). Emotional empathy as related to mimicry reac-
tions at different levels of information processing. Journal of Nonverbal Behavior, 27(1), 3–23.

60. Abbott A. (2013). Disputed results a fresh blow for social psychology. Nature, 497(7447), 16. doi: 10.
1038/497016a PMID: 23636371

61. Williams JH, Whiten A, Suddendorf T, Perrett DI. (2001). Imitation, mirror neurons and autism. Neuro-
science and Biobehaviour Review, 25, 287–295. doi: 10.1016/S0149-7634(01)00014-8 PMID:
11445135

62. Rogers SJ, Hepburn SL, Stackhouse T, Wehner E. (2003). Imitation performance in toddlers with au-
tism and those with other developmental disorders. J. Child Psychol. Psychiatry 44, 763–781. doi: 10.
1111/1469-7610.00162 PMID: 12831120

63. Shutts K, Banaji MR, Spelke ES. (2010). Social categories guide young children’s preferences for
novel objects. Developmental Science, 13(4), 599–610. doi: 10.1111/j.1467-7687.2009.00913.x
PMID: 20590724

64. Buttelmann D, BöhmR. (2014). The ontogeny of the motivation that underlies in-group bias. Psycholog-
ical Science, 25(4), 921–927. doi: 10.1177/0956797613516802 PMID: 24474724

65. Clayson PE, Clawson A, Larson MJ. (2011). Sex differences in electrophysiological indices of conflict
monitoring. Biological Psychology, 87, 282–289. doi: 10.1016/j.biopsycho.2011.03.011 PMID:
21470571

66. Rubia K, Hyde Z, Halari R, Giampietro V, Smith A. (2010). Effects of age and sex on developmental
neural networks of visual-spatial attention allocation. NeuroImage, 51, 817–827. doi: 10.1016/j.
neuroimage.2010.02.058 PMID: 20188841

67. Bayliss AP, di Pellegrino G, Tipper SP. (2005). Sex differences in eye gaze and symbolic cueing of at-
tention. The Quarterly Journal of Experimental Psychology, 58A(4), 631–650. doi: 10.1080/
02724980443000124 PMID: 16104099

Individual Differences and Automatic Imitation

PLOS ONE | DOI:10.1371/journal.pone.0129651 June 16, 2015 18 / 18

http://dx.doi.org/10.1016/j.jrp.2005.03.002
http://www.ncbi.nlm.nih.gov/pubmed/15297898
http://dx.doi.org/10.1037/0882-7974.21.1.62
http://dx.doi.org/10.1037/0882-7974.21.1.62
http://www.ncbi.nlm.nih.gov/pubmed/16594792
http://dx.doi.org/10.1037/0022-3514.94.1.168
http://www.ncbi.nlm.nih.gov/pubmed/18179326
http://www.ncbi.nlm.nih.gov/pubmed/15447638
http://dx.doi.org/10.3758/BRM.41.4.1149
http://dx.doi.org/10.3758/BRM.41.4.1149
http://www.ncbi.nlm.nih.gov/pubmed/19897823
http://dx.doi.org/10.1038/nrn3475
http://www.ncbi.nlm.nih.gov/pubmed/23571845
http://www.ncbi.nlm.nih.gov/pubmed/12500783
http://dx.doi.org/10.1038/497016a
http://dx.doi.org/10.1038/497016a
http://www.ncbi.nlm.nih.gov/pubmed/23636371
http://dx.doi.org/10.1016/S0149-7634(01)00014-8
http://www.ncbi.nlm.nih.gov/pubmed/11445135
http://dx.doi.org/10.1111/1469-7610.00162
http://dx.doi.org/10.1111/1469-7610.00162
http://www.ncbi.nlm.nih.gov/pubmed/12831120
http://dx.doi.org/10.1111/j.1467-7687.2009.00913.x
http://www.ncbi.nlm.nih.gov/pubmed/20590724
http://dx.doi.org/10.1177/0956797613516802
http://www.ncbi.nlm.nih.gov/pubmed/24474724
http://dx.doi.org/10.1016/j.biopsycho.2011.03.011
http://www.ncbi.nlm.nih.gov/pubmed/21470571
http://dx.doi.org/10.1016/j.neuroimage.2010.02.058
http://dx.doi.org/10.1016/j.neuroimage.2010.02.058
http://www.ncbi.nlm.nih.gov/pubmed/20188841
http://dx.doi.org/10.1080/02724980443000124
http://dx.doi.org/10.1080/02724980443000124
http://www.ncbi.nlm.nih.gov/pubmed/16104099

