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Abstract

Psychopathic individuals show selfish, manipulative, and antisocial behavior in addition to

emotional detachment and reduced empathy. Their empathic deficits are thought to be

associated with a reduced responsiveness to emotional stimuli. Immediate facial muscle

responses to the emotional expressions of others reflect the expressive part of emotional

responsiveness and are positively related to trait empathy. Empirical evidence for reduced

facial muscle responses in adult psychopathic individuals to the emotional expressions of

others is rare. In the present study, 261 male criminal offenders and non-offenders catego-

rized dynamically presented facial emotion expressions (angry, happy, sad, and neutral)

during facial electromyography recording of their corrugator muscle activity. We replicated a

measurement model of facial muscle activity, which controls for general facial responsive-

ness to face stimuli, and modeled three correlated emotion-specific factors (i.e., anger, hap-

piness, and sadness) representing emotion specific activity. In a multi-group confirmatory

factor analysis, we compared the means of the anger, happiness, and sadness latent factors

between three groups: 1) non-offenders, 2) low, and 3) high psychopathic offenders. There

were no significant mean differences between groups. Our results challenge current theo-

ries that focus on deficits in emotional responsiveness as leading to the development of psy-

chopathy and encourage further theoretical development on deviant emotional processes in

psychopathic individuals.

Introduction

Individuals with high psychopathic trait levels (referred to throughout this manuscript as psy-

chopaths) come to about 1% of the general population [1, 2]. Psychopaths are responsible for a

disproportionate number of crimes. According to criminological cohort studies, persistent

offenders [many of whom are psychopaths] are responsible for more than 50% of the officially

recorded offenses [3]. Furthermore, psychopathy is considered a primary risk factor for vio-

lent, serious, and repeat offending [4]. Phenomenologically, psychopathy is characterized by

emotional detachment [5, 6]. Psychopaths seem to have shallow emotional experiences, they

appear indifferent towards the feelings of others, and remorseless with respect to their harmful

actions against others [7].
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Citation: Künecke J, Mokros A, Olderbak S,

Wilhelm O (2018) Facial responsiveness of

psychopaths to the emotional expressions of

others. PLoS ONE 13(1): e0190714. https://doi.

org/10.1371/journal.pone.0190714

Editor: Marina A. Pavlova, Universitatsklinikum

Tubingen, GERMANY

Received: March 8, 2017

Accepted: December 19, 2017

Published: January 11, 2018
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Facial muscle responses as emotion simulation

In order to feel empathic concern for someone else, the internal simulation of the perceived

emotional state is thought to be a crucial component [8, 9, 10]. Simulation processes involve

the partial activation of affective, sensory, and motor systems associated with the perceived

emotion [11]. Immediate facial muscle responses matching perceived emotional expressions

[12, 13], so-called facial mimicry [14], are the expressive motor component of a simulated

emotion [15]. Facial mimicry occurs in minimally affiliative contexts [16] and has been shown

to be positively related with trait empathy [17, 18, 19]. Interestingly, the amount of facial mim-

icry can be manipulated experimentally. Inducing a competitive context in healthy adults led

to reduced facial mimicry [20, 21], presumably because a competitive context lowered the par-

ticipants’ empathic concern for their competitors. While psychopathy is associated with lower

levels of self-reported empathy [22] and empathic accuracy [23], there is limited evidence

regarding facial mimicry in psychopaths, and whether immediate facial muscle response to the

emotional expressions of others is also reduced.

Psychopathy and facial muscle responses to emotional stimuli

Hagenmuller, Rössler, Endrass, Rossegger, and Haker [24] found that psychopathic offenders

were less likely than controls to mimic yawns and laughs. Adolescents with disruptive behavior

disorder, which is characterized by hostile, aggressive, and deviant behavior, showed less con-

gruent facial activity than controls in response to empathy-inducing film clips with sad and

happy, but not angry, protagonists [25]. Younger boys with disruptive behavior disorder, on

the other hand, showed less facial mimicry only to angry, but not happy, expressions [26].

Studies investigating facial muscle responses to emotional non-face stimuli in psychopaths

also yielded mixed results regarding emotion-specific reductions in facial responsiveness. Her-

pertz et al. [27] did not find the expected valence effect in response to positive, neutral, and

negative IAPS pictures in psychopaths. In comparison to controls, their corrugator activity in

response to unpleasant pictures was not enhanced. Fanti, Panayiotou, Lombardo, and Kyra-

nides [28] found a reduced facial response to violent, but not comedy, video-clips in individu-

als scoring high on callous-unemotional traits, which include symptoms akin to psychopathy,

such as shallow affect or a lack of empathy and remorse [29]. Overall, the published empirical

evidence does not yield credible conclusions regarding facial responsiveness in adult psycho-

pathic individuals to the emotional facial expressions of others. This is something we address

in the current study.

Psychopathy and emotion recognition

Theoretically, the simulation of perceived emotional expressions not only supports empathic

concern, but also facilitates access to the particular emotional concept, especially, when the

emotion recognition is not trivial, such as in studies with increasing task difficulty affording

individual differences in performance [13, 30]. Thus, an examination of emotion perception

abilities in psychopaths may inform expectations as to facial muscle responses to the percep-

tion of emotion expressed by others. The findings of individual studies on emotion perception

are heterogeneous [31]. Hence, meta-analyses and systematic reviews will be considered in

depth.

In their meta-analysis on emotion recognition abilities in antisocial populations, Marsh

and Blair [32] found poorer emotion recognition performance by antisocial individuals for the

recognition of fear and sadness, with effects largest for fear. They found no differences in per-

formance when specifically comparing psychopathic and non-psychopathic antisocial individ-

uals. Wilson, Juodis, and Porter’s [33] meta-analysis on emotion perception deficits in
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psychopaths found weak deficits in the perception of fear, happiness, and sadness expressed in

the face. When focusing on tasks with a verbal response style, as is the case in the current

study, emotion recognition deficits in the perception of fear, sadness, and anger increased.

Finally, the meta-analysis by Dawel, O’Kearney, McKone, and Palermo [34] identified signifi-

cant deficts in the ability to perceive emotion expressed through the face in general, with spe-

cific deficits in the ability to perceive fear, happiness, sadness, and surprise.

In their review on emotion processing and psychopathy, Brook and colleagues [31] found

no clear pattern for an emotion-specific or emotion-general deficit in emotion perception abil-

ities that could be traced to task characteristics. Additionally, there are several studies that did

not yield support for any emotion perception deficits in psychopaths [35, 36, 37], with some

even finding better overall performance [38].

In sum, behavioral evidence for emotion recognition deficits in psychopaths is not unequiv-

ocal. The contrasting findings could, however, be due to methodological limitations. Most of

the individual studies just reviewed, as well as those included in the meta-analyses, relied on

comparatively small samples, utilized only a single measure of emotion perception, often with

poor internal consistency [34], and frequently involved data with distributional problems,

such as average performance approaching the ceiling (e.g. [39]). In the present study, we

aimed to prevent the outlined methodological shortcomings by using a large sample size and a

state-of-the art statistical approach.

The amygdala-deficit hypothesis

According to Blair’s integrated emotion systems (IES) theory [5, 22, 40], psychopathic individ-

uals suffer from an amygdala dysfunction which causes impaired stimulus-reinforcement

learning surrounding punishment and reward related stimuli, leading to reductions in related

autonomic, attentional, and behavioral responsiveness. IES theory proposes that aversive or

appetitive stimulus-reinforcement learning is initiated by ‘care-based’ emotional expressions

(e.g., fear, sadness), which signal that the other person is in distress, and happy expressions,

which serve as reinforcers within social interactions. As psychopaths do not develop these

associations (e.g., relating perceived sadness with their harmful behavior towards the

expresser), however, aggressive behavior becomes an unencumbered means to achieve one’s

goals. Indeed, lower amygdala volume and reduced amygdala activity in response to emotional

stimuli in psychopaths supports this view [40]. Moreover, Seara-Cardoso and Viding [41]

present support for reduced activity within brain areas typically associated with the processing

of affect in psychopaths in response to the perception of fearful, sad, and happy expressions.

These reductions in brain activity apply to the amygdala and emotion simulation areas [37],

like the inferior prefrontal gyrus and superior temporal sulcus as well as visual cortical areas

associated with feedback modulation by the amygdala [42]. Thus, the IES model explains emo-

tion-specific recognition deficits of fearful, sad [32], and happy expressions [34], emotions

preferentially processed in the amygdala [43], although results on the emotion-specificity of

the amygdala are mixed (e.g., lesion study by Adolphs & Tranel, [44]).

The present study

In the present study, we investigated emotion-specific processing deficits in psychopaths by

examining their facial muscle responses to the perception of facial expressions of emotion. We

recorded activity of the m. corrugator supercilii, which pulls down the eyebrows in a frowning

expression, while participants conducted an emotion categorization task with dynamically pre-

sented angry, happy, and sad facial expressions.
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While theoretical models about the etiology of psychopathy routinely identify deficits in the

processing of fear [40, 45, 46], corrugator effects in response to fearful expressions [47, 48] or

during fearful mental imagery [49] are not supported within the facial electromyography

(EMG) literature consistently. Importantly, in a previous study, using a very similar experi-

mental design and stimuli, there was no significant difference in corrugator activity between

the perception of fearful and neutral facial expressions [30]. Furthermore, no other muscle has

been identified in the literature whose activity is consistently associated with the perception of

fear. Thus, we did not examine facial muscle responses to the perception of fear.

Similarly, we focused on the activity of the corrugator muscle, because it is a reliable index

of facial mimicry for happy, angry, and sad expressions [50], in contrast to the zygomaticus,

the muscle pulling up the cheeks in smiling. Concerning the zygomaticus, Künecke et al. [30],

for example, found no significant differences in activity when participants viewed faces

expressing different emotions. The corrugator has a high valence sensitivity [51], which might

be due to lower voluntary control in comparison to the zygomaticus muscle [52] and dense

connection to the amygdala [53]. Thus, given these arguments, we restricted our measurement

to corrugator responses to the presentation of angry, happy, sad, and neutral expressions.

We aimed to replicate a measurement model of facial muscle responses to emotional

expressions [30] that controls for general facial responses to face stimuli and models emotion-

specific facial response factors, which were significantly related to emotion perception ability.

In confirmatory factor analysis (CFA; [54]) latent variables (factors) are predicted by several

manifest variables (indicators), thought to measure the same construct. The resulting factors

represent the underlying construct predicting responses to that measure, but without the mea-

surement error. In the present study, we compare the latent means of the emotion-specific

response factors in high and low psychopathy offenders, and non-psychopathic non-offenders.

For ease of presentation, we report group differences. For the sake of completeness, structural

equation models with a continuous measure of psychopathy are provided in an appendix (see

supporting information S1 Fig). Likewise, group differences in the emotion-specific factor cor-

relations are presented in the supporting material (S1 Tables).

First, we report average accuracy scores for the emotion categorization task, in addition to

average reaction time, in order to ensure generally appropriate task performance. Then, with

multiple-group confirmatory factor analysis (MCFA; [55]), we checked for strong measure-

ment invariance of the corrugator response model (i.e., equality across groups in factor struc-

ture, factor loadings, and indicator intercepts). Strong measurement invariance assures that

the measurement model is appropriate to describe the relations between manifest and latent

variables independent of group. This allows to compare the means of the latent factors. Based

on the amygdala-deficit hypothesis we predicted lower emotion-congruent corrugator

responses for the high psychopathy offender group in comparison to the low psychopathy

offender and the non-offender groups. More specifically, we assumed that these deficits would

be limited to responses toward happy and sad, but not angry expressions, as the former are

considered to be processed by the amygdala in particular [43].

Methods

Ethics statement

The research plan was approved by the Department of Psychology of the Humboldt-Universi-

tät zu Berlin ethics committee as well as by the individual prison judicial review boards and

regional authorities in charge of the forensic-psychiatric hospitals where the data collection

took place. In addition, each participant was asked to provide separate written informed con-

sent for taking part in the study, for granting access to his criminal record (for incarcerated
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participants only), for allowing gene analysis (collected through buccal swabs), EMG record-

ings, and the use of video recordings. The experimenter individually checked back if the par-

ticipants understood the consent forms before signing. After completion of the study,

participants received financial compensation for their participation.

Participants

For the two offender groups, we recruited male inmates from eight German forensic-psychiat-

ric hospitals and correctional facilities. Participants were recruited immediately prior to and

during data collection as a specific institution, from 2013 to 2015. For the non-offender group,

we recruited persons from the forensic-psychiatric hospital staff and by targeting a community

sample in two German cities through online advertisements and by placing leaflets in locations

that are frequented by individuals of lower socio-economic status (e.g., agencies that hire for

temporary employment positions, or provide unemployment benefits). Specifically, we tried to

match the community sample with the incarcerated participants in terms of their socioeco-

nomic status and education level [56].

Exclusion criteria for all participants were a current diagnosis of psychosis, such as schizo-

phrenia, and an IQ below 75. In total, 347 persons took part in the study. The data from 14 was

excluded because they met our exclusion criteria and another 25 individuals had no or incom-

plete EMG data. Due to recording problems, another 42 participants showed insufficient EMG

data quality, which led to an EMG-sample size of 266 individuals (179 inmates and 87 con-

trols). For the final sample, the age of the participants ranged from 19 to 68 years (M = 35.85,

SD = 11.02) and 87% of the participants were German nationals. Educational background was

heterogeneous: most of the sample had completed a vocational-track or intermediate-track

school (61%; Hauptschule or Realschule), 27% had completed an academic-track degree (Gym-
nasium) or higher, and 10% did not graduate from a school that could be deemed equivalent

to high-school level. The offences committed by the inmates varied from theft, fraud, robbery,

and drug-related crimes to rape, manslaughter, and multiple homicide.

Psychopathy was assessed with the Psychopathy Checklist: Screening Version (PCL: SV; [7]).

In the full sample, PCL:SV scores ranged from 0 to 24 (M = 9.70, SD = 6.70). In German-speak-

ing countries, based on data from a meta-analysis with seven studies and a total-N of 1,124

[57], the PCL:SV cutoff for the diagnosis of psychopathy has been recommended at 17 points.

Incorporating one standard error of measurement [SE = 2; (7)], we utilized a cutoff score of 15

in order to minimize the false-negative rate. Psychopathy, at least as measured with the PCL:

SV and the PCL-R [58], is a dimensional construct. The PCL: SV cut-score used in the present

study (i.e., 15 out of 24 points = 5/8) coincides with the margin at which total scores on the

PCL-R would be considered as “high” ([57] p31; i.e., 25/40 = 5/8). The offender groups are

henceforth labeled as low psychopathy and high psychopathy. In the non-offender group, the

PCL:SV scores ranged from 0 to 13 (M = 2.29, SD = 2.83, n = 86), from 2 to 14 in the low psy-

chopathy group (M = 9.59, SD = 3.20, n = 97), and from 15 to 24 in the high psychopathy

group (M = 17.49, SD = 2.36, n = 83). The low and high psychopathy groups comprised

inmates exclusively with one exception. One of the non-offender participants had a PCL:SV

score of 18 and was thus included in the high psychopathy group. One participant gave

informed consent to participate in the study, but refused to grant access to his prison files. In

this case, the PCL:SV was scored from interview information only.

Design and procedure

The study consisted of two testing sessions. During the first session (lasting for approximately

2.5 hours with four breaks of about 5 minutes each) participants completed a computerized
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battery of psychological tests, including the emotion categorization task during which corruga-

tor activity was assessed with EMG. The task battery included 14 cognitive tasks and three self-

report questionnaires, which were programmed and administered with Inquisit 4.0 [59] and

presented on a 24-inch monitor. Other data collected through this study, but not used in the

present paper, are published elsewhere [60]. The emotion categorization task presented in the

present study was the third task administered, but the first emotion-related and EMG task.

The EMG recording started after the first break. The second testing session, completed one or

two days after the first session, depending on the participant’s schedule, lasted for one hour.

During the second session, participants were interviewed for the PCL:SV rating [7] and the

antisocial personality disorder items from the Structured Clinical Interview for DSM-IV, sec-

tion II (SKID-II; [61]). Then, those who consented gave their saliva sample for later genetic

analysis. In the present study, we present the results of the EMG and PCL:SV data. Further

test, video, and gene results will be reported elsewhere. All PCL:SV interviews were adminis-

tered and scored by interviewers who had undergone an official PCL:SV training by a Dark-

stone-accredited PCL-R/SV instructor. For the offender samples, the participants’ criminal

files were also reviewed in order to prepare for the PCL:SV interview and determine the subse-

quent ratings.

Measures

Psychopathy Checklist: Screening Version (PCL:SV). Psychopathy was assessed with

the PCL:SV [7]), an abridged 12-item version to the longer Psychopathy Checklist-Revised

[62], which is recommended for use outside of forensic settings [63]. According to the manual,

“[because] the PCL:SV can be completed in the absence of criminal record information, it is

more appropriate than the PCL-R for use outside of forensic settings” ([7] p2), for instance in

studies involving individuals sampled from the community at large. In general, scoring is

based on both available file information and the information retrieved in a semi-structured

interview. We used an interview guide covering the following areas: “presenting problem/cur-

rent legal status, educational history and goals, vocational history and goals, medical and psy-

chiatric history, family background, marital history, juvenile conduct problems, adult

antisocial behavior (including substance abuse)” ([7] p18). Items are coded on a three-point

rating scale (0 = no, 1 = maybe, and 2 = yes). The PCL:SV items are summed to create a total

scale score representing that person’s psychopathic trait level. Up to two items may be omitted

while still allowing to obtain a total score for that participant. In the case of missing data, the

final score was prorated according to the instructions from the manual.

According to the PCL:SV manual [7], the inter-rater agreement of the PCL:SV total score is

high (median intra-class correlation coefficient [ICC] = .82). These estimates of inter-rater

agreement were obtained by comparing the assessments of single raters pooled across different

samples (inmates, civil psychiatric patients, and students). For the current study, the ratings of

13 cases were compared with those made by two experienced forensic psychologists who had

undergone an accredited 2-day PCL-R/SV training workshop. The ICC(1,1) coefficient (one-

way random, single measure, absolute agreement) for the PCL:SV total score was .80, with a

95% CI of [.48, .93]. According to Landis and Koch ([64] p165), ICC values of .41 or above can

be regarded as "Moderate", those of .61 or above can be considered "Substantial", and ICC val-

ues of .81 or above can be considered "Almost Perfect".

Emotion categorization. During the EMG measurement, participants were asked to cate-

gorize dynamic angry, happy, neutral, and sad facial expressions. The expressions were

morphed colored videos (30 frames per second) 8 x 12 cm in size, presented in the center of a

light grey background. The stimuli consisted of 38 target persons (19 females) from the
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Radboud database [65] and were morphed with a morphing software [66]. These stimuli had

been used successfully in a prior emotion recognition task also completed during facial EMG

recording [30]. Every target was shown twice for each of the four emotions. In total, partici-

pants were asked to categorize 38 (targets) x 4 (emotions) x 2 (repetitions) = 304 expressions,

which were presented in a fixed random order. Each trial began with a fixation cross for

700ms. Then, within 200ms, the neutral expression turned into the full emotional expression.

In the neutral condition, we morphed neutral photos to create a video of a person blinking.

The full expression was then shown for another 400ms, followed by a blank screen for 500ms,

after which the next trial began. Participants were asked to indicate, to the best of their ability

as and quickly as possible, the emotion expressed by the target by pressing the corresponding

key on the keyboard. Participants were instructed to hold their index and middle fingers of

their left and right hands on the corresponding keys (“y”,”x”,”n”, and “m”) during the whole

experiment on a standard QWERTZ keyboard. The stimulus-response order was counterbal-

anced across participants. Before the actual experiment began, there were two practice trials to

make sure the participants understood the instructions. After half of the trials, there was a

short break of self-paced duration.

EMG recording

We recorded facial muscle activity with 3 Ag/AgCl electrodes that were 4 mm in diameter.

According to EMG guidelines, two shielded electrodes measured the activity of the corrugator

on the left side of the face [67]. In addition, one un-shielded electrode was placed on the mid-

dle of the forehead to serve as a grounding electrode. Participants’ skin was first peeled and

cleaned with alcohol before the electrodes, filled with conductive gel, were attached. Imped-

ances were kept below 15 kO. Data were amplified and bandpass-filtered online (10-500Hz)

with an EMG100C module and sampled at 1000 Hz by the digital converter system MP150

(Biopac Systems Inc., USA). An additional Isolated Digital Interface (STP100C) recorded stim-

ulus presentation times.

EMG preprocessing

Offline continuous raw data were notch-filtered at 50 Hz and high-pass filtered at 20 Hz, to

reduce motion artifacts [68], in Acknowledge 4.1 software (Biopac Systems Inc., USA) and

then exported to R Environment for Statistical Computing [69] for further processing. We

conducted a full-wave rectification and moving average with a time-window of 50 ms for

quantification and smoothing of the continuous data. Data were segmented in 1500 ms time

intervals with a pre-stimulus baseline of 500 ms. After baseline correction, we performed an

automatic artifact detection. All trials with an incensement of more than 3.5 SD of the individ-

ual’s overall mean activity within 50 ms time intervals were excluded [30]. Additionally, we

discarded trials with reaction times below 300 ms and above 6000 ms. This led to an average

exclusion of 17.5% of the trials per participants. Then, the data were z-standardized within

individuals to overcome large individual differences in general EMG activity [70]. Finally, we

excluded all incorrect trials (on average 6.1% of the trials per participant).

For the indicators of the measurement model, we averaged mean activity in the 300 to 800

ms time window for one-third of the trials within each emotion category. This resulted in

three indicators per emotion category for one latent factor: an1-an3 for the anger factor

(ANG), ha1-ha3 for the happiness factor (HAP), sa1-sa3 for the sadness factor (SAD), with

an1-an3, ha1-ha3, sa1-sa3, and ne1-ne3 as indicators of the general face factor (FACE). This

time window has been used in a previous study [30] and seems to adequately reflect the emo-

tion effect in this study too (see Fig 1 for the time course of the EMG responses for each
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emotion category or see [71] for a comparable design and corrugator effect). For the measure-

ment models, ha1-ha3 were reversed so that high values for all indicators indicate more con-

gruent facial muscle responses. Reliable averaged EMG responses required at least 5 trials per

indicator per participant. Five participants failed to meet this criterion and hence were

excluded from later analyses. Thus, the final sample size was n = 261 (86 controls, 95 low psy-

chopathy and 80 high psychopathy individuals).

Statistical analyses

All statistical analyses were performed in R [69]. We tested mean differences in accuracy and

reaction time scores for the emotion categorization task and corrugator activity, as assessed

with the EMG, in a repeated-measures ANOVA with group membership as the between-sub-

ject factor and emotion as the within-subject factor. The dependent variable was corrugator

activity during the pre-defined time window of 300 to 800 ms after stimulus onset [30]. We

estimated the repeated-measures ANOVAs with the ezAnova function of the ez package. Type

I error rates in post-hoc comparisons were Bonferroni-corrected, at a familywise error rate of

.05.

We applied CFA [54] to model individual differences in corrugator activity. CFA models

were estimated with the sem function of the lavaan package [72] using the maximum likeli-

hood (ML) estimator. To replicate the corrugator response model by Künecke et al. [30], we

modeled one general face response factor loading on all indicators and three correlated emo-

tion-specific factors for corrugator responses loading on the angry, happy, and sad expression

indicators, respectively. The measurement model is depicted in Fig 2. Squares represent the

indicators (i.e., manifest variables; what we actually measured) and circles represent the latent

Fig 1. Time course of corrugator mean activity after stimulus onset seperately for each emotion category. Errors bars depicts

standard errors.

https://doi.org/10.1371/journal.pone.0190714.g001
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factors. The latent factors predict the manifest variables, indicated by direct paths, e.g. the

arrow from FACE to ne1 in Fig 2. These regressions weights are called factor loadings and rep-

resent the strength of the relationship between the latent and the manifest variables. Two-

headed arrows represent correlations among the latent factors, e.g. between the emotion-spe-

cific factors ANG and SAD. Latent factors were scaled with effects coding [73] with the sum of

all indicators within one factor fixed to one and the sum of the intercepts within one factor

fixed to zero. This allows factor loadings, factor variances, and factor means to be freely esti-

mated and for the factor means to be estimated in the unit of the manifest indicators. With the

iterative ML method model parameters are estimated in way that maximizes the similarity

between the covariance matrix implied by the assumed model and the observed covariance

matrix. Higher similarity indicates a better model fit, for which we report the following indices:

Acceptable model fit would be considered present if the Comparative Fit Index (CFI) value

was above .95 and the Root Mean Square Error of Approximation (RMSEA) as well as the

Standardized Root Mean Square Residual (SRMR) values were below .08 [74].

We tested measurement invariance of the measurement model across our three groups

using multiple-group confirmatory factor analysis (MCFA). First, the assumed measurement

Fig 2. Measurement model of facial muscle responses for the whole sample.

https://doi.org/10.1371/journal.pone.0190714.g002
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model was estimated for all three groups separately to ensure factorial validity [55]. Mea-

surement invariance was then tested by comparing nested models with an increasing num-

ber of model constraints (i.e., same factor structure and factor-indicator relationships

followed by equating loadings followed by equating intercepts) with χ2-difference tests

[75]. Additionally, we report ΔCFI for model comparisons. Non-significant χ2-difference

tests and ΔCFIs < .002 [76] indicate that invariance constraints hold across groups. Strong

factorial invariance is given when factor-indicator relationships (configural invariance),

factor loadings (metric invariance), and indicator intercepts (scalar invariance) are equal

across groups [77, 78], which is sufficient to interpret latent means across groups [79]).

Finally, we compared models with equality constraints on the factor means to test our

hypothesis.

Results

Accuracy, reaction time, and corrugator activity

Table 1 depicts the descriptive statistics for performance accuracy, reaction time, and mean

EMG activity during the time-window of 300 to 800 ms for each emotion category per group.

There was a significant effect of emotion on performance accuracy, F(3,774) = 92.41, p< .001,

η2 = .17. Pairwise comparisons showed that happy expressions were better recognized than the

other expressions. Identification of sad expressions was lower than that for the other expres-

sions, while anger and neutral expressions were recognized equally well. There was no signifi-

cant effect of group and no significant interaction between emotion and group.

The significant effect of emotion on reaction time, F(3,774) = 240.50, p< .001, η2 = .19, mir-

rored this pattern. Happy expressions were recognized the fastest while sad expressions were rec-

ognized the slowest. There was also a significant effect of group, F(2,258) = 8.75, p< .001, η2 = .04,

with the non-offender group being faster at recognizing facial expressions when compared with

the low and high psychopathy groups. The significant emotion × group interaction, F(6,774) =

3.72, p< .001, η2 = .01, indicated that the high psychopathy group was slower at recognizing

neutral expressions in comparison to the low psychopathy group, but their reaction times did

not differ for the other emotion categories.

Facial EMG activity during the 300 to800 ms time window also showed a significant effect

of emotion, F(3,774) = 179.74, p< .001, η2 = .31. There was significantly reduced corrugator

activity while viewing happy facial expressions, in comparison to all other conditions, which

supports our decision to reverse the ha1- ha3 indicators for the later measurement model, so

that high values for all indicators means more congruent facial muscle responses. There was

no difference in the corrugator activity while viewing angry, sad, and neutral facial expressions

and there was no significant group or emotion × group interaction effect.

Table 1. Descriptive statistics, M (SD), for accuracy, reaction time and mean EMG activity in the 300–800 ms time-window for all emotion categories per group;

NO = _non offender group, LP = low psychopathy group, HP = high psychopathy group.

Emotion Accuracy Reaction Time [ms] Corrugator activity

[z-standardized mean activity]

NO LP HP NO LP HP NO LP HP

Anger .91 (.08) .91 (.08) .90 (.09) 1624 (395) 1818 (491) 1847 (532) .07 (.15) .05 (.18) .07 (.17)

Happiness .98 (.02) .99 (.02) .99 (.01) 1215 (354) 1325 (385) 1366 (368) -.26 (.23) -.27 (.28) -.20 (.26)

Neutral .94 (.08) .92 (.13) .91 (.12) 1441 (399) 1610 (441) 1824 (657) .03 (.13) .03 (.15) .06 (.18)

Sadness .88 (.09) .87 (.13) .88 (.09) 1809 (468) 1949 (526) 1991 (541) .06 (.18) .05 (.15) .04 (.18)

https://doi.org/10.1371/journal.pone.0190714.t001
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Confirmatory factor analysis of corrugator activity

The corrugator measurement model for the whole sample is depicted in Fig 2. The model con-

tains one general face response factor (FACE), which controls for emotion-unspecific variance

in all indicators, and three correlated emotion-specific factors representing emotion specific

facial responses to angry (ANG), happy (HAP), and sad (SAD) facial expressions. The model

fit was good, χ2
(42) = 60.00, p = .03, CFI = .984, RMSEA = .041, SRMR = .029. All factor load-

ings were significant, except for ha2 and ha3 on FACE (p = .07/.06). The factor correlations

were also significant.

Multiple-group confirmatory factor analysis of corrugator activity

Before we could test our hypothesis, we first needed to establish that the corrugator measure-

ment model was invariant between the three groups. Model fit was still acceptable when esti-

mated for the three groups separately: non-offenders, χ2
(42) = 46.43, p = .03, CFI = .985,

RMSEA = .035, SRMR = .060; low psychopathy, χ2
(42) = 63.07 p = .02, CFI = .960, RMSEA =

.071, SRMR = .045; and high psychopathy, χ2
(42) = 41.82, p = .48, CFI = 1.000, RMSEA < .001,

SRMR = .051. Next, we modeled a MCFA with configural invariance and successively applied

constraints on the factor loadings (metric invariance) and indicator intercepts (scalar invari-

ance). We found invariance at each step (see Table 2 for the fit indices and test statistics for the

invariance comparisons across the three groups). Thus, the model displayed in Fig 2 fit the

three groups equally well. Consequently, further comparisons between the groups on factors

means were admissible. We calculated the construct reliability of the corrugator response fac-

tors with weighted omega ωW, which represents the shared variance of all indicators of a latent

factor [80]. Reliabilities of all latent factors were acceptable: ωW FACE = .80, ωW ANG = .59,

ωW HAP = .89, and ωW SAD = .66.

Next, in order to find out whether there were significant differences between the groups on

the FACE and the emotion-specific corrugator response factors, we set all factor means to

equality. There was no significant decrease in model fit (Δχ2
(8) = 6.50, p = .59, ΔCFI = -.001)

indicating that there was no significant difference in either general or emotion-specific corru-

gator activity between the three groups, thus disconfirming our hypothesis. Table 3 shows the

freely estimated latent means and Cohen’s d effect size before the constraints were applied.

Table 2. Results for measurement invariance testing across groups.

Model χ2 df CFI RMSEA SRMR Compared to model Δχ2 Δdf p-value Δ CFI

1) Configural invariance 150.32 126 .979 .047 .052

2) Metric invariance 186.29 160 .978 .043 .084 1 35.97 34 .38 .001

3) Scalar invariance 193.72 176 .985 .034 .084 2 7.43 16 .96 -.007

https://doi.org/10.1371/journal.pone.0190714.t002

Table 3. Latent factor means in the model with scalar measurement invariance; Unstandardized estimates (M) [individually z-standardized mean activity], standard

errors (SE), standardized estimates (μ), and Cohen’s d effect size estimates for group comparisons.

Latent Factor non-offender (NO) low psychopathy (LP) high psychopathy (HP) Cohen’s d
M SE μ M SE μ M SE μ NO vs. LP NO vs. HP LP vs. HP

FACE .013 .006 .277� .012 .007 .213 .028 .009 .402� .02 -.22 -.21

ANG .049 .015 .487� .029 .017 .215 .034 .018 .317� .13 .09 -.03

HAP .270 .026 1.218� .276 .028 1.075� .217 .030 .887� -.02 .21 .22

SAD .042 .014 .412� .034 .014 .334� .006 .021 .035 .06 .22 .17

� indicate p-values< .05

https://doi.org/10.1371/journal.pone.0190714.t003
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Note that all scores are positive, since happy scores were reversed before they were included in

the CFA analysis. Higher values indicate higher emotion congruent facial responsivity. Com-

plementary analyses using a continuous latent variable of psychopathy mirrored the results of

the group comparisons (please see supporting information S1 Fig).

Discussion

In the present study, we investigated corrugator activity in response to facial expressions of

emotion in non-offenders and in criminal offenders who had varying levels of psychopathy.

First, we aimed to replicate a measurement model of immediate facial responses in corrugator

activity to emotional expressions [30]. Then, we tested measurement invariance across groups,

including comparisons of latent means between the three groups in order to test differences in

the size of facial responses to emotional expressions. The model from Künecke et al. [30] was

structurally replicated and scalar invariance held across groups. This model has the core

advantage of controlling for general facial responsiveness to facial emotional expressions,

which then allows one to derive purer estimates of emotion-specific facial muscle responses.

The means of the emotion-specific factors were then compared between the three groups.

Intact emotional responsiveness in psychopaths

The amount of corrugator activity did not differ significantly between the groups, disconfirm-

ing our first hypothesis. This means that in our study emotion simulation on the facial muscle

level, seen as a constitutive component of emotional concern for others [8, 9, 10], was not dis-

rupted for psychopaths. Thus, emotional detachment, a core component of psychopathy,

seems to be unrelated to immediate facial muscle responses toward angry, happy, or sad facial

expressions.

Our lack of group differences contradicts Hagenmuller et al. [24], who found less emotional

contagion for smiles and yawns by psychopaths, in comparison to healthy controls. However, the

sample tested by Hagenmuller et al. was relatively small (12 psychopathic offenders and 10 con-

trols) and mimicry was assessed via subjective video ratings made by one rater only, while we

objectively measured highly sensitive EMG responses. Likewise, our results contradict the find-

ings of de Wied et al. [25] who reported an EMG pattern of reduced facial responsiveness to sad

and happy expressions in adolescents with disruptive behavior disorder. The stimulus material

used in the current study, however, differed substantially from the material employed in the study

by de Wied and colleagues [25]. In the de Wied et al. study [25] participants watched video clips

intended to induce empathy for more than two minutes in duration. These video clips entailed

narratives involving anger, happiness, or sadness in which the stimulus persons expressed intense

facial and vocal responses. Thus, we suggest that de Wied et al. [25] likely measured deliberate

empathic concern rather than immediate facial responsiveness. Eisenbarth, Alpers, and Kosson

[81] found that lower facial muscle activity in response to positive and negative facial expressions

and IAPS pictures were assocaited with the affective factor of psychopathy. In their experimental

paradigm, however, participants were instructed to deliberately respond with frowning or smiling

to the stimuli. In our study, facial muscle activity represents immediate, uncontrolled responses

to emotional expressions.

The current results accord well with findings from a recent study using event-related poten-

tials (ERPs; [82]). According to the study by Decety et al. [82] early automatic ERP compo-

nents hardly associated with psychopathic trait levels whereas later (deliberate) components

were. Similarly, the lack of empathy commonly ascribed to psychopaths may be due to an

unwillingness to empathize rather than an inability to mirror the emotional states of others.

On the other hand, the seemingly contradictory results reported by Herpertz et al. [27], namely
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muted facial expressions of psychopaths compared to controls in an EMG task, may have to do

with stimulus content: While we used pictures of faces showing facial expressions, Herpertz

et al. [27] used strong positive and negative images inducing high arousal levels (such as pic-

tures of mutilated bodies or other violent imagery). Moreover, Herpertz et al. [27] used the

maximum EMG response within a 500 to 3000 ms timeframe following stimulus onset as their

variable of interest. In this regard, our experimental setup may be more akin to the early pro-

cessing components described by Decety et al. [82], whereas the setup used by Herpertz et al.

[27] may have reflected the late processing components.

It should be emphasized that our sample was at least six times larger than the samples tested

by the aforementioned researchers. Consequently, the greater statistical power afforded by the

larger sample would likely have identified even subtle differences if they had been present.

Through MCFA we were able to account for measurement error, control for facial responses

to face stimuli in general, and–importantly–to ensure measurement invariance across groups.

Likewise, in a structural equations model involving psychopathy as a continuous trait, psy-

chopathy was not related to any corrugator response factors (see supporting information S1

Fig). The latent variable approach is superior to mean comparisons of observed measures

because the method of structural equation modeling controls for error variance. It should be

noted, however, that the conclusions drawn from the latent variable analysis were in agree-

ment with the results found at the level of the manifest variables in the current study.

Limitations

Potentially, the small corrugator response effects were not sensitive enough to capture group

differences in emotion-specific corrugator responses factors. The average emotion effects in the

corrugator activity (see Fig 1) were present for happy expressions and absent for angry and sad

expressions, contradicting Künecke et al. [30]. This might be due to differences between the two

studies in their experimental setting and sample characteristics. In the present study, only

angry, happy, sad, and neutral expressions were used, while Künecke et al. [30] additionally pre-

sented disgusted, fearful, and surprised expressions. More importantly, the sample characteris-

tics between the two studies differed considerably. Künecke et al. [30] tested healthy, young,

well-educated male and female participants, whereas this study was limited to males who were

on average 10 years older and had a substantially poorer educational background. One could

argue that the current sample seems to have a bias to process neutral expressions as more nega-

tive (e.g., akin to patients with Social Anxiety Disorder; [82]), thereby blurring the differences

between angry or sad and neutral expressions. An additional means of analysis would have

been signal detection theory (e.g., [83]). As the focus of the current paper is to test a measure-

ment model of facial muscle responses by Künecke et al. [30] in psychopathic individuals, the

signal detection theory approach is out of the scope of the present work. Future research could

profit by using the method since it might be more sensitive to capture group differences.

A second possible limitation of the study is that we did not investigate facial responses to fear-

ful expressions, which are thought to be disrupted in psychopathic individuals (e.g. [32]). The

prior evidence identifying a fear-specific deficit has been challenged by more recent reviews,

however, with researchers noting a deficit in the perception of fear comparable in magnitude for

the perception of sadness [33, 34]. More importantly, fear was excluded because, based on previ-

ous research, recording of corrugator activity would presumably not have allowed capturing

immediate facial muscle responses to the perception of fearful expressions, and there are no

other facial muscles that are consistently activated when perceiving fear. Thus, measuring facial

responses to fearful expressions with EMG does not seem to work reliably [47, 48], a result that

is supported by studies using methods akin to the approach chosen here [30].
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Implications

The present evidence is at odds with the IES theory [5] according to which psychopathy is

linked to processing deficits of distress that are associated with the amygdala. Non-offender,

low and high psychopathy groups did not differ in their corrugator response to facial expres-

sions of anger, happiness, or sadness. Our results thus support the equivalence of magnitude in

responding to facial expressions–a precursor to empathy [8, 10]–among psychopaths com-

pared to non-psychopaths. This does not exclude potential amygdala-associated processing

differences in other emotion response systems like heartrate or skin conductance.

The lack of group differences suggests psychopaths will perform similarly to non-psycho-

paths in emotion recognition, even when task difficulty is higher than in our study and emo-

tion simulation might become functional [13, 30]. However, the relation between immediate

facial responsiveness and emotion recognition could be moderated by psychopathy. This ques-

tion will be addressed in future investigations.

Although current results suggest that psychopaths’ facial muscles are as responsive as those

of other people (at least towards angry, happy, neutral, and sad expressions), psychopaths may

nevertheless fail to consider the emotional states of others in their own decision-making. This

could either be due to a kind of egocentric override (i.e., they know but do not care) or alterna-

tively, to an attentional deficit when they ought to process two types of information simulta-

neously (i.e., cues for individual goal-directed behavior and the emotional responses of others

associated with this behavior; [84]). According to Newman’s response modulation hypothesis

[85, 86], psychopaths pose an emotion paradox because they may appraise emotions accurately

but barely use them in their decision-making. Additionally, our results do not necessarily

mean that psychopaths will respond as empathically as others toward displays of anger, happi-

ness, or sadness. Future research should strive to use images showing emotional facial expres-

sions as distracters in decision-making tasks that include positive reinforcement. This could

provide a differential test of Blair’s IES theory and Newman’s response modulation hypothesis.
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Supervision: Andreas Mokros, Sally Olderbak, Oliver Wilhelm.

Writing – original draft: Janina Künecke.
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3. Lösel F. Is effective treatment of psychopathy possible? Violence and Psychopathy. New York:

Springer; 2001. 171 p.

4. Mokros A, Vohs K, Habermeyer E. Psychopathy and violent reoffending in German-speaking countries.

European Journal of Psychological Assessment. 2014; 30:117–129. https://doi.org/10.1027/1015-

5759/a000178

5. Blair RJ. The emergence of psychopathy: Implications for the neuropsychological approach to develop-

mental disorders. Cognition. 2006; 101:414–442. https://doi.org/10.1016/j.cognition.2006.04.005

PMID: 16904094

6. Herpertz SC, Sass H. Emotional deficiency and psychopathy. Behavioral Sciences & the Law. 2000;

18:567–580. https://doi.org/10.1002/1099-0798(200010)18:5<567::AID-BSL410>3.0.CO;2–8

7. Hart S, Cox DN, Hare RD. Hare Psychopathy Checklist: Screening Version (PCL: SV). Toronto, ON,

Canada: Multi-Health Systems; 1995. https://doi.org/10.1037/t04991-000

8. Gallese V. The roots of empathy: The shared manifold hypothesis and the neural basis of intersubjectiv-

ity. Psychopathology. 2003; 36:171–180. https://doi.org/10.1159/000072786 PMID: 14504450

9. Niedenthal PM, Brauer M. (2012). Social functionality of human emotion. Annual Review of Psychology.

2012; 63:259–285. https://doi.org/10.1146/annurev.psych.121208.131605 PMID: 22017377

10. Preston SD, de Waal FBM. Empathy: Its ultimate and proximate bases. Behavioral and Brain Sciences.

2002; 25:1–72. PMID: 12625087

11. Niedenthal PM. Embodying emotion. Science. 2007; 316:1002–1005. https://doi.org/10.1126/science.

1136930 PMID: 17510358

12. Dimberg U. Facial reactions to facial expressions. Psychophysiology. 1982; 9:643–647. https://doi.org/

10.1111/j.1469-8986.1982.tb02516.x

13. Lundqvist LO. Facial EMG reactions to facial expressions: A case of facial emotional contagion? Scan-

dinavian Journal of Psychology. 1995; 36:130–141. https://doi.org/10.1111/j.1467-9450.1995.tb00974.

x PMID: 7644897

14. Wood A, Rychlowska M, Korb S, Niedenthal P. Fashioning the face: Sensorimotor simulation contrib-

utes to facial expression recognition. Trends in Cognitive Sciences. 2006; 20:227–240. https://doi.org/

10.1016/j.tics.2015.12

15. Goldman AI, Sripada CS. Simulationist models of face-based emotion recognition. Cognition. 2005;

94:193–213. https://doi.org/10.1016/j.cognition.2004.01.005 PMID: 15617671

16. Hess U, Fischer A. Emotional mimicry as social regulation. Personality and social psychology review.

2013; 17:142–157. https://doi.org/10.1177/1088868312472607 PMID: 23348982

17. Harrison NA, Morgan R, Critchley HD. From facial mimicry to emotional empathy: A role for norepineph-

rine? Social Neuroscience. 2010; 5:393–400. https://doi.org/10.1080/17470911003656330 PMID:

20486012

18. Sonnby-Borgström M. The facial expression says more than words—Emotional "contagion" related to

empathy? Lakartidningen. 2002a; 99(13):1438–1442. Retrieved from <Go to ISI>://

WOS:000174751300002 PMID: 11989352

Facial responsiveness of psychopaths

PLOS ONE | https://doi.org/10.1371/journal.pone.0190714 January 11, 2018 15 / 19

https://doi.org/10.1016/j.ijlp.2009.01.002
http://www.ncbi.nlm.nih.gov/pubmed/19243821
https://doi.org/10.1037/0022-006X.76.5.893
https://doi.org/10.1037/0022-006X.76.5.893
http://www.ncbi.nlm.nih.gov/pubmed/18837606
https://doi.org/10.1027/1015-5759/a000178
https://doi.org/10.1027/1015-5759/a000178
https://doi.org/10.1016/j.cognition.2006.04.005
http://www.ncbi.nlm.nih.gov/pubmed/16904094
https://doi.org/10.1002/1099-0798(200010)18:5<567::AID-BSL410>3.0.CO;28
https://doi.org/10.1037/t04991-000
https://doi.org/10.1159/000072786
http://www.ncbi.nlm.nih.gov/pubmed/14504450
https://doi.org/10.1146/annurev.psych.121208.131605
http://www.ncbi.nlm.nih.gov/pubmed/22017377
http://www.ncbi.nlm.nih.gov/pubmed/12625087
https://doi.org/10.1126/science.1136930
https://doi.org/10.1126/science.1136930
http://www.ncbi.nlm.nih.gov/pubmed/17510358
https://doi.org/10.1111/j.1469-8986.1982.tb02516.x
https://doi.org/10.1111/j.1469-8986.1982.tb02516.x
https://doi.org/10.1111/j.1467-9450.1995.tb00974.x
https://doi.org/10.1111/j.1467-9450.1995.tb00974.x
http://www.ncbi.nlm.nih.gov/pubmed/7644897
https://doi.org/10.1016/j.tics.2015.12
https://doi.org/10.1016/j.tics.2015.12
https://doi.org/10.1016/j.cognition.2004.01.005
http://www.ncbi.nlm.nih.gov/pubmed/15617671
https://doi.org/10.1177/1088868312472607
http://www.ncbi.nlm.nih.gov/pubmed/23348982
https://doi.org/10.1080/17470911003656330
http://www.ncbi.nlm.nih.gov/pubmed/20486012
http://www.ncbi.nlm.nih.gov/pubmed/11989352
https://doi.org/10.1371/journal.pone.0190714


19. Sonnby–Borgström M. Automatic mimicry reactions as related to differences in emotional empathy.

Scandinavian Journal of Psychology. 2002b; 43:433–443. https://doi.org/10.1111/1467-9450.00312

PMID: 12500783
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