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Some markers of mirroring appear intact in schizophrenia:
evidence from mu suppression

William P. Horan & Jaime A. Pineda & Jonathan K. Wynn &

Marco Iacoboni & Michael F. Green

# Psychonomic Society, Inc. 2014

Abstract Although schizophrenia is associated with impair-
ments in social cognition, the scope and neural correlates of
these disturbances are largely unknown. In this study, we
investigated whether schizophrenia patients show impaired
functioning of the mirror neuron system (MNS), as indexed
by electroencephalographic (EEG) mu (8–13 Hz) suppres-
sion, a hypothesized biomarker of MNS activity that is sensi-
tive to the degree of social interaction depicted in visual
stimuli. A total of 32 outpatients and 26 healthy controls
completed an EEG paradigm that included six action obser-
vation or execution conditions that differed in their degrees of
social interaction. Participants also completed a validated
empathy questionnaire. Across both groups, we found a sig-
nificant linear increase in mu suppression across the condi-
tions involving greater levels of social engagement and inter-
action, but no significant group or interaction effects. Patients
self-reported diminished empathic concern and perspective
taking, which showed some moderate relations to mu sup-
pression levels. Thus, the schizophrenia group showed gener-
ally intact modulation of MNS functioning at the electrophys-
iological level, despite self-reporting empathic disturbances.
The disturbances commonly seen on self-report, performance,
and neuroimaging measures of mentalizing in schizophrenia
may largely reflect difficulties with higher-level inferential
processes about others’ emotions, rather than a basic incapac-
ity to share in these experiences.

Keywords mu suppression . Schizophrenia .Mirror neuron
system . Empathy

Introduction

Schizophrenia is characterized by social cognitive impair-
ments in areas such as emotion processing, social perception,
and theory of mind (Savla, Vella, Armstrong, Penn, &
Twamley, 2012). These impairments account for unique var-
iance in functional outcome above and beyond nonsocial
neurocognitive deficits and clinical symptoms (Green &
Horan, 2010). Although these findings demonstrate the
unique functional significance of social cognition, our under-
standing of the scope (e.g., whether automatic processes are
also impaired; Lieberman, 2007), and neural correlates of
these impairments in schizophrenia is limited (Brunet-Gouet
et al., 2011). Guided by findings from social neuroscience,
recent studies in schizophrenia have begun to extend work in
this area to investigations of empathy (e.g., M. C. Davis et al.,
2013; Harvey, Zaki, Lee, Ochsner, & Green, 2013; Smith
et al., 2012). Empathy is a multifaceted construct that can be
broadly defined as the ability to understand and share the
emotional experiences of others (Decety, 2010; Iacoboni,
2009). The capacity to accurately empathize is believed to
involve both effortful “mentalizing” processes and relatively
automatic “mirroring” processes. In the present study, we
evaluated whether people with schizophrenia show impair-
ments in mirroring processes at the electrophysiological level.

Social neuroscience models indicate that accurate empathiz-
ing involves two components with distinct neural correlates that
typically work in concert to promote adaptive functioning (Zaki
& Ochsner, 2011, 2012). The first, mentalizing, refers to under-
standing another person’s emotions bymaking inferences about
his/her mental states. Mentalizing tasks are strongly associated
with activation of the dorsomedial PFC and, in a somewhat
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more task dependent manner, on other regions such as the
temporal–parietal junction and temporal pole.

The second, mirroring, refers to automatic “simulation” of
others’ actions, which is believed to facilitate understanding of
the actions and even emotions of others (Iacoboni, 2009). It
has been proposed that the mirror neuron system (MNS)
provides a neurophysiological basis for imitative behavior,
which is believed to constitute a prerequisite for social cogni-
tive development. First described in the ventral premotor and
inferior parietal cortices of monkeys (Rizzolatti & Craighero,
2004), neurons with mirroring properties fire both when pro-
ducing and merely observing goal-directed actions performed
by another agent. An analogous system in the human brain—
incorporating the pars opercularis of the inferior frontal gyrus
and adjacent ventral premotor cortex, as well as the anterior
inferior parietal lobe—has been identified in many studies
(see Caspers, Zilles, Laird, & Eickhoff, 2010; Iacoboni,
2009). For example, fMRI studies show that these regions
activate both while producing and observing relatively low-
level hand movements performed by others (e.g., Iacoboni
et al., 1999; Iacoboni et al., 2001). This common coding of
motor perception and motor action is believed to enable us to
represent and understand the actions of others in terms of our
own actions. Consistent with the notion that MNS regions
activated during low level motor perception tasks support
higher-level social cognitive processes such as empathizing
with the emotions of others, similar regions show mirroring
properties during tasks involving higher level socioemotional
stimuli, such as observing/producing facial emotion expres-
sions and observing complex goal-directed movements (see
Carr, Iacoboni, Dubeau, Mazziotta, & Lenzi, 2003; Caspers
et al., 2010; Dapretto et al., 2006). Thus, observing another
person automatically activates corresponding motor and men-
tal representations in the observer, enabling him/her to share in
and understand the actions and experiences of others
(Rizzolatti & Craighero, 2004).

In addition to fMRI, the neural substrates of the MNS can
be assessed with electroencephalographic (EEG) studies of
mu frequency band oscillations (Pineda, 2005). At rest, sen-
sorimotor neurons spontaneously fire in synchrony, leading to
large amplitude EEG oscillations in the 8–13 Hz (Mu) fre-
quency band over sensorimotor areas. mu rhythm oscillations
are suppressed or desynchronized by voluntary movements,
but are minimally affected by visual stimulation. Mu rhythms
fall in the same frequency range as alpha rhythms, but they
differ in key ways. Alpha rhythms are thought to primarily
reflect visual processing in occipital networks, whereas mu
rhythms are thought to reflect sensorimotor processing in
frontoparietal networks. Mu rhythms also display several
functional characteristics that differ from occipital alpha
rhythms. In addition to voluntary movements, mu frequency
band oscillations are suppressed duringmere observation of or
imagined human movement, and are quite sensitive to higher-

level cognitive and emotional stimuli. For example, mu
rhythms show greater suppression for goal-directed than
non-goal directed actions (Muthukumaraswamy, Johnson, &
McNair, 2004) and are modulated by the degree of social
interaction depicted in stimuli (Oberman, Pineda, &
Ramachandran, 2007). These properties support the validity
of the mu rhythm as an index of MNS activity.

Although the mentalizing and mirroring systems typically
work in a coordinated manner, emerging evidence suggests
that they can dissociate in different ways across neuropsychi-
atric disorders. For example, fMRI studies of autism spectrum
disorders indicate mirroring disturbances in response to sim-
ple hand movements and facial expressions, as well as
mentalizing disturbances (Chung, Barch, & Strube, 2013;
Dapretto et al., 2006; Iacoboni & Dapretto, 2006; Oberman
et al., 2005; Perkins, Stokes, McGillivray, & Bittar, 2010;
Williams et al., 2006). Furthermore, disturbances in mu sup-
pression are found in autism and individual differences in mu
suppression have been found to correlate with level of func-
tioning in this population (Dapretto et al., 2006; Oberman
et al., 2005). In contrast, psychopathy has been associated
with diminished mirroring but intact mentalizing (Cheng,
Hung, & Decety, 2012; Marsh et al., 2013; Meffert,
Gazzola, den Boer, Bartels, & Keysers, 2013), whereas bor-
derline personality disorder is associated with enhanced
mirroring and aberrant mentalizing (Dziobek et al., 2011;
Ripoll, Snyder, Steele, & Siever, 2013).

Research on empathic processes in schizophrenia has thus
far predominantly focused on mentalizing. Individuals with
schizophrenia have consistently been found to show dimin-
ished mentalizing on self-report, behavioral, and fMRI mea-
sures (e.g., Chung et al., 2013; Derntl et al., 2012; Smith et al.,
2014; Smith et al., 2012). Relatively little research has exam-
ined whether schizophrenia is also associated with impair-
ments in mirroring. Although behavioral studies have shown
impaired imitation of complex hand movements and facial
emotional expressions in schizophrenia (e.g., Kohler et al.,
2008; Matthews, Gold, Sekuler, & Park, 2013; Park, Mat-
thews, & Gibson, 2008; Varcin, Bailey, & Henry, 2010), the
two prior EEG studies of MNS activity, as indexed by mu
suppression, have provided mixed results. One study focused
on observation/execution of hand movements, and found no
overall group differences between patients with schizophrenia
spectrum disorders and healthy controls (McCormick et al.,
2012). However, a subgroup of patients with acute positive
symptoms showed significantly enhanced mu suppression,
though no significant correlations with other clinical symp-
toms or self-reported empathy emerged. Another study
showed comparable mu suppression in recent-onset schizo-
phrenia outpatients and healthy controls during two experi-
mental conditions that involved observing hand movements
and observing people interacting (Singh, Pineda, &
Cadenhead, 2011). However, patients showed significantly
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reduced mu suppression during a third condition that involved
observing biological motion stimuli (point-light animations),
and greater reduction in mu suppression correlated with more
negative symptoms and reduced social functioning. Thus,
further research is needed to help clarify the differences noted
between these two studies and to identify patient characteris-
tics that may modulate the mu suppression.

In the present study, we applied a validated EEG mu sup-
pression paradigm (Oberman et al., 2005; Oberman et al., 2013;
Oberman et al., 2007; Oberman, Ramachandran, & Pineda,
2008) that included the observation or execution of hand move-
ments, as well as the observation of people in three different
levels of social interaction with stable outpatients with schizo-
phrenia and healthy controls. Subjects also completed a self-
report measure of empathy, and patients completed assessments
of clinical symptoms and functioning. The goals of the study
were to evaluate (1) whether schizophrenia patients show al-
tered mu suppression across a range of relatively simple (hand
movement) and more complex (social stimuli) experimental
tasks, and (2) whether mu suppression levels among patients
relate to individual differences in self-reported empathy, symp-
tom levels, and community functioning.

Method

Subjects

A total of 32 outpatients with schizophrenia and 26 healthy
controls participated in the study. The schizophrenia patients
were 18–60 years of age and recruited from outpatient clinics
at the VAGreater Los Angeles Healthcare System and through
local board and care facilities. The patients received the Struc-
tural Clinical Interview for the Diagnostic and Statistical Man-
ual of Mental Disorders, Fourth Edition, Axis I Disorders
(SCID; First, Gibbon, Spitzer, & Williams, 1996) in order to
confirm the diagnosis of schizophrenia. Patients were medicat-
ed at clinically determined dosages, with 26 receiving atypical
antipsychotics, one receiving typical antipsychotics, and five
receiving both types of antipsychotic medication. The mean
dose of antipsychotic medication was equivalent to 282.51mg/
day of chlorpromazine (SD = 162.49). All of the patients were
clinically stable, as defined by no hospitalizations in the past 3
months, no changes in living situation in the past 2 months,
and no medication changes in the past 6 weeks. The exclusion
criteria for patients included (1) substance abuse or depen-
dence in the last 6 months, (2) IQ < 70, (3) history of loss of
consciousness for >1 h, (4) identifiable neurological disorder,
and (5) not sufficiently fluent in English.

The healthy control participants were recruited through
website postings. Exclusion criteria for the control participants
included (1) history of schizophrenia or other psychotic dis-
order, bipolar disorder, recurrent depression, history of

substance dependence, or any substance abuse in the last 6
months, based on the SCID; (2) avoidant, paranoid, schizoid,
and schizotypal disorders, based on the SCID for Axis II
(First, Spitzer, Gibbon, Williams, & Benjamin, 1994) disor-
ders; (3) history of loss of consciousness for >1 h; (4) schizo-
phrenia or other psychotic disorder in a first-degree relative;
(5) significant neurological disorder or head injury; and (6) not
sufficiently fluent in English.

All of the interviewers were trained through the Treatment
Unit of the VA Desert Pacific Mental Illness Research, Edu-
cation, and Clinical Center. SCID interviewers were trained to
a minimum kappa of .75 for key psychotic and mood items,
and symptom raters were trained to a minimum intraclass
correlation of .80 (Ventura, Green, Shaner, & Liberman,
1993). Participants were evaluated for their capacity to give
informed consent and provided written informed consent after
all procedures had been fully explained, according to proce-
dures approved by the institutional review boards at the VA
Greater Los Angeles Healthcare System and the University of
California, Los Angeles (UCLA).

Symptom ratings

For all patients, psychiatric symptoms during the previous two
weeks were rated using the expanded 24-item UCLA version
of the Brief Psychiatric Rating Scale (BPRS; Lukoff,
Nuechterlein, & Ventura, 1986; Overall & Gorham, 1962).
Ratings from the positive, depression, agitation, and negative
symptom subscales, as well as total scores, were examined
(Kopelowicz, Ventura, Liberman, & Mintz, 2008).

Community functioning

The Role Functioning Scale (RFS;McPheeters, 1984) was used
to assess functional status. It is based on a semistructured
interview with the participant, and includes subscales for work,
independent living, family relations, and social functioning.
The RFS ratings range from 1 (severely impaired functioning)
to 7 (optimal functioning). Each RFS subscale provides an-
chored descriptions for all levels of functioning that capture
both the quantity and quality of functioning in that domain.

Experimental paradigm

Stimulus materials

EEG data were collected while subjects completed six exper-
imental conditions, five of which involved watching videos
from previously published experiments (Oberman et al., 2005;
Oberman et al., 2013; Oberman et al., 2007; Oberman et al.,
2008). As is displayed in Fig. 1, the videos ranged from
inanimate movement (baseline condition) to a high degree of
human interaction involving the viewer (Condition 5) and

Cogn Affect Behav Neurosci



have been show to elicit increasingly larger levels of mu
suppression in healthy subjects. All videos were 80 s long,
and each video was presented twice in a random order. The
following conditions were presented:

Baseline condition: Video of two bouncing balls Two light
gray balls (32.9 cd/m2) on a black background (1.0 cd/m2)
moved vertically toward each other, touched in the middle of
the screen, and then moved apart to their initial starting posi-
tion. The motion was visually equivalent to the trajectory
taken by the tips of the fingers and thumb in Conditions 1
and 2. This condition of two moving inanimate objects has
been used as a baseline condition in previous studies of mu
suppression (e.g., Oberman et al., 2005; Singh et al., 2011).

Condition 1 Watch moving hand The subjects viewed a
video of an experimenter opening and closing
the right hand. The fingers and the thumb were
held straight, opening and closing the palm of
the hand at a rate of approximately 1 Hz.

Condition 2 Move own handThe subjects opened and closed
their right hand at a rate of approximately 1 Hz in
the same manner described in Condition 1. Sub-
jects watched their hand at a comfortable view-
ing distance with their hand held at eye level.

Condition 3 Social noninteracting A color video depicted
three people (showing the entire body and face)
standing in a triangle formation. Each individ-
ual had a ball that he or she threw up in the air
just above the head to him- or herself.

Condition 4 Social spectatorThee people, again in a triangle
formation, are shown tossing a single ball back
and forth to each other.

Condition 5 Social interacting This was similar to Condi-
tion 4, with three people shown throwing a
single ball back and forth to each other, except
that occasionally the ball would be thrown off
the screen, seemingly toward the viewer—the
three people look at the subject, one would
throw the ball toward the subject, and the ball

Fig. 1 Screenshots of stimuli for the baseline and experimental conditions: (a) baseline, (b) Watch Moving Hand condition, (c) Social Noninteracting
condition, (d) Social Spectator condition, and (e) Social Interacting condition.
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would then be thrown back to the group from
the subject’s perspective. Thus, it appeared is if
the viewer were part of the game being played.

The movements in each video occurred at a frequency of 1
Hz, and a continuous performance task was included to ensure
that subjects were attentive to the stimulus. With the exception
of the Move Own Hand condition, the stimuli stopped moving
four to eight times for 1 s in each video, and participants
reported the number of times that the stimuli stopped moving
at the end of each video.We compared the groups by evaluating
the proportions of videos in which reports fell within ±1 of the
correct answer. We observed no significant difference between
the patients (M= .88, SE= .03) and controls (M= .94, SE= .03),
t= 0.81, p > .05. We also found no significant difference in the
proportions of videos in which patients (M= .62, SE= .05) and
controls (M= .71, SE= .05) demonstrated perfect performance,
t = 1.38, p > .05. These data suggest generally comparable
levels on the performance task across groups.

EEG data acquisition and analysis

Participants had their EEG activity continuously recorded from
64 electrodes based on the 10–20 system placed in an electrode
cap (Cortech Solutions,Wilmington, North Carolina, USA) and
the ActiveTwo BioSemi system (BioSemi, Amsterdam, The
Netherlands). The signal was preamplified at the electrode with
a gain of 1; the EEG was digitized at 24-bit resolution with a
sampling rate of 1024 Hz with a bandpass of 0–100 Hz.
Recordings were taken from the 64 electrodes, as well as from
two electrodes placed on the left and right mastoids. The
electro-oculogram was recorded from four facial electrodes:
two 1 cm above and below the left eye, one 1 cm to the left
of the left eye, and one 1 cm to the right of the right eye. Each
electrode was measured online with respect to a common-mode
sense electrode that formed a monopolar channel.

Offline analysis was performed using the Brain Vision An-
alyzer software (Brain Products, Munich, Germany). All of the
EEG data were re-referenced to the average of the mastoids and
bandpass filtered with cutoffs of 0.1 and 30 Hz. Data were
collected for 80 s per condition at a sampling rate of 500Hz. Per
standard protocols, the data from the first and last 10 s of each
block were removed in order to eliminate attentional transients
due to initiation or termination of the stimulus. A 1-min seg-
ment of data following removal of the initial and terminal 10 s
was obtained and combined with the other trial of the same
condition, resulting in one 2-min segment of data per condition.
Each EEG segment was corrected for blinks and eye move-
ments using the method developed by Gratton, Coles, and
Donchin (1983). Specific channels were rejected in each trial
using a semiautomated procedure, with physiological artifacts
being identified by the following criteria: a step of more than 50

μV between sample points, and an amplitude that exceeded
±150μV. The data were segmented into epochs of 1 s beginning
at the start of the segment, and were only analyzed if at least 40
epochs were available after rejection of artifacts. For each
segment, integrated power in the 8–13 Hz range was computed
using a fast Fourier transform performed on the epoched data
(1,024 points). A cosine window was used to control for
artifacts resulting from data splicing.

Mu suppression ratios were calculated for central (C3, Cz,
and C4) sites over sensorimotor cortex, using the equation mu
suppression = log10(mu power of experimental condition/mu
power of ball condition) (Oberman et al., 2008). Ratio data are
inherently nonnormal as a result of lower bounding, and we
therefore used a log transform for the analysis. A log ratio less
than zero indicates mu suppression, a log ratio equal to zero
indicates lack of mu wave suppression, and a log ratio greater
than zero indicates mu enhancement. The ratio was used to
control for variability in absolute mu power as a result of
individual differences, such as scalp thickness and electrode
impedance. The ratio to the ball condition was computed in
order to control for attention to counting or any effects due to
the stimulus stopping during the performance task and pro-
cessing of directional motion (Oberman et al., 2008). The EEG
data for one patient and two controls were excluded because of
mu suppression ratios in one or more conditions that differed
by more than three standard deviations from their respective
group means; these subjects were excluded prior to examining
the continuous performance task data. The final sample in this
report consisted of 58 participants (32 patients, 26 controls).

Self-report measure

All subjects filled out the widely used Interpersonal Reactivity
Index (IRI; M. Davis, 1983), indicating to what extent short
phrases described them, on a 5-point scale (from does not
describe me at all to describes me very well). This measure
was chosen because it taps a variety of aspects of empathy and
is not limited to either emotional or cognitive components,
although it does not directly address such motoric aspects as
mimicry. Sample items from each of the four subscales included
“Sometimes I don’t feel very sorry for other people when they
are having problems” (Empathic Concern, reverse coded), “Be-
ing in a tense emotional situation scares me” (Personal Dis-
tress), “I sometimes try to understand my friends better by
imagining how things look from their point of view” (Perspec-
tive Taking), and “I really get involved with the feelings of the
characters in a story” (Fantasy). Two patients and two controls
did not complete the IRI due to scheduling constraints.

Data analysis

For demographic data, group differences for continuous var-
iables were evaluated with t tests, and differences for
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categorical variables with chi-square tests. To investigate
group differences in mu suppression, a repeated measures
analysis of variance (ANOVA) with condition (five
levels) and electrode site (C3, Cz, C4) as the within-
subjects variables and diagnostic group (schizophrenia,
control) as a between-subjects variable was performed.
Effect sizes are presented as partial eta-squared (ηp

2),
which corresponds to the following conventions: small
(.01), medium (.06), and large (.14) (Cohen, 1988).
Group differences on the self-report scales were evaluat-
ed with t tests. Correlational analyses were conducted on
an exploratory basis. Spearman correlation coefficients
examined the associations among mu suppression ratios,
symptoms, functioning, and self-reported empathy.

Results

Demographic and clinical characteristics

The demographic information for both groups and clinical
data for the schizophrenia group are presented in Table 1.

The groups did not differ significantly in sex, age, or ethnicity.
The patients had lower personal education levels than did the
controls, but the groups did not differ in parental education.
Both groups were predominantly right-handed, with compa-
rable proportions across groups. The schizophrenia group had
a typical age of onset and was chronically ill. They showed
mild to moderate levels of clinical symptoms at the time of
testing that were comparable to those in prior studies of
stabilized outpatients (Green, Hellemann, Horan, Lee, &
Wynn, 2012; Kern et al., 2013).

Between-group comparison of mu suppression

A graphical summary of the results is presented in Fig. 2. We
found a significant main effect of condition, F(4, 224) = 6.56,
p< .001, ηp

2 = .11. Consistent with the overall means depicted
in the figure, the linear contrast effect across the five experi-
mental conditions was significant within both the patient, F(1,
31) = 15.59, p< .001, ηp

2 = .34, and control, F(1, 31) = 6.22, p
< .05, ηp

2 = .20, groups, and did not differ significantly
between the groups, F(1, 56) = 0.06, p > .05, ηp

2 = .001. No
significant main effects emerged for electrode site, F(2, 112) =

Table 1 Demographic and clinical data

Schizophrenia
(n = 32)

Controls
(n = 26)

Statistic

Sex (% male) 81.3% 73.1% χ2(1, 58) = 0.55

Age (years, with SD) 47.9 (9.6) 44.4 (7.9) t(57) = 1.48

Ethnicity

White 56.3% 76.0% χ2(3, 58) = 4.23

African American 31.3% 24.0%

Hispanic 6.3%

Asian 3.1%

Marital status

Never married 65.6% 56.0% χ2(2, 58) = 5.32

Currently married 6.3% 28.0%

Ever married 28.1% 16.0%

Education (years, with SD) 12.9 (1.6) 14.9 (1.6) t(57) = –4.25*

Parental education (years, with SD) 12.4 (2.4) 13.4 (2.4) t(57) = –1.65

Handedness (% right) 81.3% 80% χ2(1, 58) = 0.02

Age of onset (years, with SD) 20.8 (5.5)

Duration of illness (years, with SD) 26.8 (11.5)

Brief Psychiatric Rating Scale

Positive symptoms (SD) 1.5 (0.5)

Depression (SD) 1.6 (0.6)

Negative symptoms (SD) 1.7 (0.8)

Agitation (SD) 1.1 (.2)

Total (SD) 33.7 (6.4)

* p < .005. ** p < .001.
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1.48, p> .05, ηp
2 = .03, or group, F(1, 56) = 0.24, p> .05, ηp

2 =
.004. We also observed no significant effects for the two-way
interactions of Group × Condition, F(4, 224) = 0.19, p > .05,
ηp

2 = .003, and Group × Electrode Site, F(2, 56) = 0.09, p >
.05, ηp

2 = .002. Notably, the effect sizes for results involving
the Group factor were uniformly small.

We observed a significant two-way Condition × Electrode
Site interaction, F(2, 448) = 6.03, p < .05, ηp

2 = .10. This
interaction was accounted for by a difference across electrodes
during the hand movement conditions (Conditions 2 and 3).
Specifically, significantly greater mu suppression was appar-
ent at the lateral sites (C3 and C4) than at the central site (Cz)
for the Watch Hand and Move Own Hand conditions (ps <

.05), but no significant differences across electrodes emerged
for the other three conditions.

Finally, the three-way Condition × Electrode Site × Group
interaction was not significant, F(8, 448) = 1.92, p < .10, and
demonstrated a small effect size (ηp

2 = .04). This nonsignificant
effect reflected a subtle group difference within the Move Hand
condition—although both groups showed numerically greater
mu suppression at lateral (C3, C4) than at central (CZ) electrodes
in the Move Own Hand condition, this effect was somewhat
more pronounced within the control group, with controls show-
ing a large effect size [electrode effect: F(2, 50) = 5.25, p= .008,
ηp
2 = .17], relative to a medium effect size in the schizophrenia

group [electrode effect: F(2, 62) = 3.02, p = .06, ηp
2 = .11]. No

a Controls

b Schizophrenia

Fig. 2 Mu suppression ratio means for each electrode site and condition within each group (error bars reflect standard errors).
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significant Group × Electrode Site interaction emerged for the
other four experimental conditions.1 Supplemental analyses ex-
amined potential confounding variables. The pattern of results
was unchanged when the analyses were restricted only to sub-
jectswhowere right-handed, andwithin the schizophrenia group,
we found no significant correlations between CPZ equivalents
and mu suppression ratios.

Correlations with symptoms and functioning
in the schizophrenia group

As is shown in Table 2, among the patients mu suppression
ratios showed minimal relations to symptoms or functioning.
Higher levels of depression correlated with more mu suppres-
sion during theWatch Hand condition, but no other significant
relations were apparent with any of the symptom scales. We
also found no significant correlations with any of the func-
tioning scales.

Self-reported empathy: Group differences and relations
with mu suppression

As is shown in Table 3, the schizophrenia group reported
significantly lower scores than did controls on the IRI

Perspective Taking and Empathic Concern subscales. The
magnitudes of these differences were medium to large. The
groups did not differ significantly on the Personal Distress and
Fantasy subscales.

To limit the number of correlational analyses with mu
suppression ratios, we focused on the IRI Perspective Taking
and Empathic Concern subscales, because they showed group
differences. As is shown in Table 4, among patients the
correlations were generally negative, indicating that more
mu suppression was generally associated with higher self-
reported scores on the IRI subscales, though only the correla-
tion between Perspective Taking and mu suppression during
the Interacting condition reached significance. Among the
controls, the correlations were generally positive. Although
we observed a few moderate correlations, none were statisti-
cally significant.

Table 2 Correlations between mu suppression, symptoms, and
functioning within the schizophrenia group (n = 32)

Watch
Hand

Move
Hand

Noninteracting Spectator Interacting

Brief Psychiatric Rating
Scale
Positive –.11 –.24 –.08 –.23 –.03

Depression –.41* –.21 –.28 –.22 –.09

Negative .13 .05 .04 .02 –.03

Agitation –.18 –.24 –.25 –.16 –.16

Total –.12 –.13 –.13 –.18 .01

Role Functioning Scale

Work
Productivity

.22 –.06 .24 .09 .17

Independent
Living

–.19 –.12 –.19 –.06 –.26

Family
Network

–.30 –.01 –.27 –.18 –.23

Social
Network

–.33 .08 –.21 –.05 –.14

* p < .05.

Table 3 Comparisons between the schizophrenia (n = 30) and control
(n = 24) groups on the Interpersonal Reactivity Inventory subscales

Schizophrenia Controls tValue
(df = 53)

Effect Size
(Cohen’s d)

Perspective Taking 15.43 19.13 –2.77* –0.76

(4.07) (5.70)

Empathic Concern 17.40 21.25 –3.06** –0.84

(5.01) (4.02)

Fantasy 13.44 13.29 0.11 0.03

(4.57) (5.37)

Personal Distress 10.27 8.33 1.36 0.37

(5.45) (4.82)

Standard deviations appear in parentheses. * p < .01. ** p < .05.

1 For the Watch Hand condition (Condition 2), both groups showed
significant mu suppression at electrode C4 (ts < –2.10, ps < .05). Patients
also showed significant mu suppression at electrode C3 (p< .05), though
not at CZ (p < .10), whereas controls demonstrated nonsignificant sup-
pression at C3 (p = .12) and CZ (p > .50).

Table 4 Correlations between Interpersonal Reactivity Inventory (IRI)
subscales and mu suppression (averaged across electrodes C3, Cz, and
C4) across conditions within the schizophrenia (n= 30) and control (n= 24)
groups

Watch
Hand

Move
Hand

Noninteracting Spectator Interacting

Schizophrenia

IRI
Perspective
Taking

–.20 –.20 –.29 –.25 –.37*

IRI Empathic
Concern

–.20 –.17 –.04 –.02 –.07

Controls

IRI
Perspective
Taking

.15 .37 .03 .09 .03

IRI Empathic
Concern

.33 .06 .37 .36 .23

* p < .05.
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Conclusions

In this study, we examined EEG mu suppression, a hypothe-
sized biomarker of MNS activity that is sensitive to the degree
of social engagement depicted in visual stimuli, in clinically
stable outpatients with schizophrenia. Despite self-reporting
empathic disturbances, the schizophrenia patients as a group
demonstrated generally normal modulation of mu suppression
by the degree of social engagement depicted in video stimuli,
which ranged from observing simple hand movements to
observing coordinated movements in simulated interactions
during a ball-tossing game. The nonsignificant differences
between groups were accompanied by small effect sizes, and
if anything, the effect size for the linear increase in mu
suppression across conditions was slightly larger in the patient
group. These findings suggest that automatic activation of the
MNS in response to relatively simple human movements in a
neutral context appears intact in schizophrenia across a range
of experimental conditions at the electrophysiological level.
They also shed light on how different aspects of the social
brain involved in the component processes of empathic
responding can be differentially impacted across different
forms of psychopathology.

Our EEG paradigm included more experimental conditions
than have prior mu suppression studies in schizophrenia or in
healthy adult control subjects. As expected, controls showed a
significant overall linear increase in mu suppression from
observing simple hand movements to observing videos of
people appearing to toss a ball to each other and to the subject
him- or herself. Mu suppression, however, did not differ
significantly between videos that depicted people tossing balls
to themselves versus tossing balls to each other (Conditions 3
and 4), indicating lower sensitivity to these conditions than
has been found in prior studies (Oberman et al., 2007). It is
also notable that although the groups performed comparably
and reasonably well on the concomitant continuous perfor-
mance task, their less-than-perfect scores reflect some vari-
ability in attention across conditions. Overall, the paradigm
elicited a sensible pattern of mu suppression that is consistent
with prior studies using only hand movement or only social
interaction stimuli.

Similar to controls, the schizophrenia group showed a sig-
nificant overall linear increase in mu suppression across condi-
tions, which is generally consistent with two prior studies that
used partially overlapping stimuli in schizophrenia. The normal
modulation of mu suppression for observing versus executing
hand movements converged with prior studies in chronically ill
and recent-onset patients (McCormick et al., 2012; Singh et al.,
2011), suggesting that activation of the MNS for observation
and execution of basic human movements appears intact
throughout early and late phases of schizophrenia. The patients’
normally enhanced mu suppression in the social interaction
conditions converges with the results of the study by Singh

et al., which used the same video as our Condition 5 (Condi-
tions 3 and 4 were not administered).

However, two areas of discrepancy between the present
results and those from prior studies of mu suppression in
schizophrenia remain to be explained. First, Singh et al.
(2011) found that recent-onset patients showed diminished
mu suppression while observing basic biological motion using
point-light stimuli. It is somewhat counterintuitive that pa-
tients would show impaired modulation of mu suppression
while observing stimuli that are presumably more basic than
those used in the present study. Speculatively, the more eco-
logically valid hand and interaction stimuli might provide
additional cues that facilitate activation of the MNS, and
patients may be worse at processing relatively impoverished
biological-motion stimuli (Kim, Park, & Blake, 2011). Im-
pairments in gestalt perception of apparent motion (Tschacher
& Kupper, 2006) may also interact with how patients perceive
and process these impoverished stimuli.

The second area of discrepancy concerns the relationship
between mu suppression and individual differences in clinical
symptoms and self-reported empathy. Although McCormick
et al. (2012) found enhanced mu suppression in hospitalized
patients with acute psychotic symptoms, in the present study
mu suppression ratios showed no significant associations with
positive or negative symptoms or with community function-
ing. This suggests that MNS functioning may covary with
clinical state, a possibility that is consistent with some theo-
retical models of the relation between social cognitive pro-
cesses (e.g., mentalizing) and psychotic symptoms (e.g., Frith
& Corcoran, 1996). In addition, Singh et al. (2011) found that
diminished mu suppression during biological-motion condi-
tion correlated with more negative symptoms and impaired
social functioning in their outpatient sample. This could re-
flect differences in experimental conditions, stage of illness, or
the measures used to assess negative symptoms.

The present study sheds further light on how the social
brain can “splinter” across different forms of psychopatholo-
gy. Overall, our results converge with prior studies to suggest
that MNS functioning, as indexed by mu suppression ratios,
appears intact in schizophrenia across both simple handmove-
ment and neutral social interaction stimuli. The patients’ intact
EEG mu suppression differs sharply from the substantial
impairments seen in schizophrenia across self-report, perfor-
mance, and fMRI measures of mentalizing and empathic
abilities (e.g., Achim, Ouellet, Roy, & Jackson, 2011; Bora,
Yucel, & Pantelis, 2009; Lee, Zaki, Harvey, Ochsner, &
Green, 2011; Smith et al., 2014; Smith et al., 2012). This
pattern of intact mirroring and impaired mentalizing is notably
different from other neuropsychiatric disorders. As we noted
earlier, autism spectrum disorders are typically associated with
decreased abilities in both components, whereas emerging evi-
dence suggests that psychopathy is associated with selectively
decreased mirroring, and borderline personality disorder is
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associated with selectively increased mirroring (Cheng et al.,
2012; Chung et al., 2013; Dziobek et al., 2011; Iacoboni &
Dapretto, 2006; Marsh et al., 2013; Meffert et al., 2013;
Oberman et al., 2005; Perkins et al., 2010; Ripoll et al., 2013).
These findings suggest that the mirroring and mentalizing com-
ponents of the social brain can dissociate in multiple ways to
impact empathic functioning. For schizophrenia, disturbances
seen on mentalizing and empathic accuracy tasks may reflect
difficulties with higher-level inferential processes about others’
emotions and beliefs, rather than an incapacity to share in these
experiences.

Regarding self-reported empathy, the schizophrenia group in
this study reported diminished perspective taking and empathic
concern. The magnitudes of these differences were medium to
large, which is consistent with a number of prior studies (Achim
et al., 2011). Consistent with McCormick et al. (2012), self-
reported empathy among patients was not significantly related
to mu suppression during the hand movement conditions. We
did find that patients’ reports of higher perspective taking were
related to more mu suppression during the Interacting condi-
tion. It is interesting that we found this relationship only for the
condition involving the highest level of social interaction; per-
haps the other conditions may have been too remote from the
types of empathic behaviors assessed by self-report measures to
detect correlations. However, this relationship would not be
significant with correction for multiple comparisons, and
should be interpreted cautiously. In contrast to the patients,
self-reported empathy showed generally positive associations
with mu suppression among controls, although none of the
correlations was significant with the present sample size. The
direction of these correlations is somewhat difficult to explain,
since higher self-reported empathy would intuitively be expect-
ed to relate tomore, not less, mu suppression (as was seen in the
patients). However, one’s beliefs about his or her empathic
abilities may not always relate to performance on experimental
measures of empathy in a straightforwardmanner. Further work
on this topic will be needed, since similarly counterintuitive
relations have been reported in some studies of healthy subjects
(e.g., Woodruff, Martin, & Bilyk, 2011).

Although the present findings support the notion that some
aspects of relatively low-level mirroring are intact in schizo-
phrenia, several additional factors should be considered when
interpreting these findings. First, the stimuli in the present study
involved relatively simple motor activities that occurred in a
neutral context. Although mu suppression is sensitive to ob-
serving emotional facial expressions in humans (Moore,
Gorodnitsky, & Pineda, 2012), and even facial gestures in
newborn monkeys (Ferrari et al., 2012), it remains to be deter-
mined how schizophrenia patients would perform on mu sup-
pression tasks involving more complex socioemotional stimuli.
Second, studies using other methods have suggested that
mirroring-related processes are not fully intact in schizophrenia.
As was mentioned above, patients have shown impaired

voluntary imitation of facial expressions and complex gestures,
as well as diminished spontaneous mimicking of others’ be-
haviors (e.g., yawning, face expressions; Kohler et al., 2008;
Matthews et al., 2013; Park et al., 2008; Varcin et al., 2010).
The apparent discrepancy between intact mirroring, as indexed
by mu suppression, versus overt mirroring-related impairments
requires further research attention.

Finally, it is important to consider the present findings in
the context of the complex mechanisms that likely contribute
to simulation and empathic functioning. In particular, since
the mu rhythm is generated by activity in sensorimotor areas,
and mirror neurons have been located primarily in premotor
areas, it is believed that mu rhythms index downstream mod-
ulation of primary sensorimotor areas by mirror neuron activ-
ity (Pineda, 2005). It is possible that the relatively normal
downstream modulation seen in schizophrenia could be
achieved through mechanisms that differ from those seen in
healthy subjects. Future studies combining EEG with other
methods can provide a more comprehensive account of when
empathic processes do and do not appear to function normally in
schizophrenia. For example, a few recent studies using magne-
toencephalography and transcranial magnetic stimulation para-
digms have reported evidence of diminishedMNS during obser-
vation of human face or hand movements (Enticott et al., 2008;
also see Mehta, Basavaraju, Thirthalli, & Gangadhar, 2012;
Schurmann et al., 2007). Some fMRI studies have also implicat-
ed abnormalities in cortical regions associated with the MNS
(e.g., Quintana, Davidson, Kovalik,Marder, &Mazziotta, 2001),
indicating that additional research using methods with higher
anatomical resolution is clearly needed.

In summary, the present findings suggest that relatively
automatic MNS responses to several types of evocative stimuli
are intact at the electrophysiological level in schizophrenia. A
limitation of the study is that the patients were taking various
antipsychotic medications at clinically determined dosages.
Although CPZ equivalents were not significantly related to
mu suppression, it is possible that the medications normalized
mu suppression in this sample. In addition, we did not system-
atically exclude for all potentially relevant conditions among
the control subjects, such as antisocial and borderline person-
ality disorders. Our finding that some relatively low-level,
bottom-up social cognitive processes may be intact in schizo-
phrenia suggests that efforts to target higher-level, integrative
processes may be particularly useful in clinical intervention
studies. A number of psychosocial interventions currently being
evaluated show promise for helping patients develop this type
of social cognitive processing (e.g., Horan et al., 2011; Kurtz &
Richardson, 2012; Roberts & Penn, 2009).
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