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ABSTRACT

A variety of psychological disorders like antisocial personality disor-
der have been linked to impairments in facial emotion recognition.
Exploring eye movements during categorization of emotional faces
is a promising approach with the potential to reveal possible differ-
ences in cognitive processes underlying these deficits. Based on this
premise we investigated whether antisocial violent offenders ex-
hibit different scan patterns compared to a matched healthy control
group while categorizing emotional faces. Group differences were
analyzed in terms of attention to the eyes, extent of exploration
behavior and structure of switching patterns between Areas of In-
terest. While we were not able to show clear group differences, the
present study is one of the first that demonstrates the feasibility and
utility of incorporating recently developed eye movement metrics
such as gaze transition entropy into clinical psychology.
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1 INTRODUCTION

The ability to decode nonverbal social information in order to infer
the emotional state of an interaction partner is crucial for effective
social interaction. Accordingly, individuals are able to quickly and
efficiently identify emotional expressions from specific facial cues
[Smith et al. 2005; Tracy and Robins 2008]. These cues are similar
across cultures, at least for the six basic emotions, i.e., anger, disgust,
fear, happiness, sadness, and surprise [Ekman 1999; Ekman and
Friesen 1971]. The accurate interpretation of emotional expressions
is based on the processing of relevant regions of the face and direct-
ing visual attention to them (e.g., wide-open fearful eyes or smiling
happy mouth) [Eisenbarth and Alpers 2011; Schurgin et al. 2014].
Thus, tracking eye movements while viewing emotional faces is a
promising approach to gain insight into the processes underlying
categorization of emotions.

In clinical research, eye tracking can be a useful tool to explore
deviations in scanning patterns that could account for emotion
recognition impairments associated with psychological disorders.
Impairments in facial affect recognition have been linked to the
development and maintenance of various psychological disorders
including autism [Uljarevic and Hamilton 2013], depression [Dalili
et al. 2015], anxiety disorders [Demenescu et al. 2010], schizophre-
nia [Kohler et al. 2009], attention-deficit hyperactivity disorder
[Bora and Pantelis 2016], and antisocial personality disorder (ASPD)
and psychopathy [Dawel et al. 2012; Marsh and Blair 2008].

The majority of clinical studies exploring eye movements while
viewing faces does not tap the potential of the myriad analytical
methods available. Although analysis of dwell time or number of
fixations to certain Areas of Interest (AOIs) can yield interesting
findings, an inclusion of more innovative and complex analytical
methods (e.g., sequential analysis of eye movements) may add valu-
able information. Here, we present an analysis of scan patterns
while viewing faces including widely-used standard eye movement
parameters (e.g., total dwell time) as well as more recently devel-
oped metrics such as gaze transition entropy [Krejtz et al. 2015].
Based on these measures, we investigate group differences in at-
tention orienting to the eyes, extent of exploration behavior and
structure of switching patterns between AOIs in antisocial violent
offenders (AVOs) and a matched healthy control group.
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2 BACKGROUND

We start by outlining the motives for exploring scan patterns of
AVOs while categorizing emotional faces in the present study. After
introducing the clinical constructs of ASPD and psychopathy and
the associated emotion recognition deficit, we present a possible
mechanism that might underlie these impairments, i.e., deficient
attentional orienting to the eyes. Based on a review of previous
studies investigating the relation between attention to the eyes and
psychopathic traits, we describe the design of the current study and
introduce our selection of eye movement parameters.

2.1 Emotion Recognition: ASPD & Psychopathy

A large proportion of incarcerated offenders fulfill the diagnostic
criteria for ASPD (e.g., up to 72.7% in Germany) [Kopp et al. 2011].
ASPD is characterized by a pervasive pattern of disregard for and
violation of the rights of others and evolves from early behavioral
tendencies before the age of 15 years [American Psychiatric As-
sociation 2000]. The clinical construct of psychopathy describes a
similar psychopathology characterized by antisocial, irresponsible,
and impulsive behavior but emphasizes interpersonal and affective
abnormalities (e.g., superficial charm, callousness/lack of empathy)
[Hare 2003]. Thus, psychopathy is more narrowly defined and most
psychopaths fulfill the criteria for ASPD [American Psychiatric
Association 2000] but not vice versa. Consistently, the prevalence
rate of psychopathy in prison is about 15% [Hare 2003].
According to the violence inhibition mechanism model, a basic
impairment in decoding social signals of distress is assumed to
play a critical role in the etiology of antisocial behavior [Blair
1995, 2001]. In healthy individuals emotional distress cues (e.g.,
sad or fearful facial expressions) usually elicit empathy and inhibit
aggressive behavior. This mechanism is crucial for socialization and
the development of morality. An insensitivity to these social cues
in antisocial and psychopathic populations could thus contribute to
the development and maintenance of aggressive psychopathology.
Accordingly, deficits in emotion recognition, e.g., in the recogni-
tion of fearful faces, have been documented in ASPD and psychopa-
thy [Dawel et al. 2012; Marsh and Blair 2008; Wilson et al. 2011]. A
recent systematic review confirmed an impaired facial affect recog-
nition in violent offenders in general, including marked deficits in
decoding of fear, disgust, and anger [Chapman et al. 2017].

2.2 Attention to the Eyes & Psychopathic Traits

Adolphs et al. [2005] proposed that fear recognition deficit can
be caused by a general lack of spontaneous fixations on the eyes
when they investigated a patient with bilateral amygdala lesion.
The amygdala is a subcortical brain structure that has repeatedly
been linked to the processing of fear and the widened fearful eyes
in particular [Morris et al. 1996; Whalen et al. 2004]. Since the
wide open eyes are a crucial feature of a fearful expression [Smith
et al. 2005; Whalen et al. 2004], instructing the patient to look
at the eyes of the facial stimuli leads to a temporal correction of
the recognition deficit. Subsequent study findings corroborated a
role of the amygdala in the quick detection of and orientation of
attention to emotionally salient facial features like the eyes [Gamer
and Biichel 2009; Gamer et al. 2013]. An altered amygdala response
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to fearful expressions has been linked to aggressive behavior and
psychopathy [Jones et al. 2009; Lozier et al. 2014; Marsh et al. 2008].

Dadds et al. [2008, 2006] investigated gaze patterns to facial
emotional stimuli in a sample of healthy boys with high and low
callous-unemotional (CU) personality traits. These traits reflect the
affective core component of psychopathy. Consistently, high CU
traits were associated with less fixations on the eye region and a
lower accuracy in fear recognition. Again, an instruction to attend
to the eyes reversed this impairment. Two recent studies investi-
gated scan patterns while viewing emotional faces in healthy adults
and showed a link between higher psychopathic traits and reduced
attention to the eyes [Boll and Gamer 2016; Gillespie et al. 2015].
Boll and Gamer reported the analysis of number of saccades and
latency of the first saccade as measures of intensity of face scanning
and general vigilance towards facial cues. In their sample, psycho-
pathic traits were inversely related to these measures indicating
that deviations of eye movement patterns in psychopaths might
not be constrained to reduced attention to the eyes.

To date, only two clinical groups have been studied. A group of
adolescents with conduct disorder (precursor of ASPD before the
age of 18) showed reduced attention to the eyes for sad and fearful
faces and a lower accuracy for emotion recognition [Martin-Key
et al. 2017]. In contrast, a group of adult violent offenders did not
differ from controls in terms of attention to the eyes or recognition
performance [Gillespie et al. 2017]. However, psychopathic traits
were inversely associated with attention to the eyes specifically for
surprise in adolescents and across all emotions in violent offenders.

There is evidence for an impairment in directing attention to the
eyes of emotional faces in individuals with high psychopathic traits,
which may due to deficient functioning of the amygdala and is as-
sumed to underlie the deficit in facial affect recognition. However,
eye movements were related to differing aspects of psychopathy
(affective/interpersonal factor of psychopathy vs. antisocial behav-
ior vs. boldness) and only two studies reported significant but weak
associations between attention to the eyes and accuracy of emotion
recognition [Gillespie et al. 2015; Martin-Key et al. 2017].

2.3 Current Study

The aim of the current study was to explore gaze patterns in a group
of male AVOs and a matched healthy control group. In two tasks,
participants were asked to either categorize the gender of facial
affective stimuli or their emotional expression, as scan patterns may
vary according to the nature of the categorization task [Schyns et al.
2002; Smith and Merlusca 2014]. Therefore, the additional gender
discrimination task served as a control task to explore viewing
patterns independent of task demands [Adolphs et al. 2005; Scheller
et al. 2012]. Further, there is evidence that the start position of gaze
at stimulus onset influences subsequent eye movements: Arizpe
etal. [2012] argue that a central fixation cross allows a more detailed
processing of the fixated stimulus area prior to the initial saccade
and thus biases the position of the first fixation. Thus, we presented
a fixation cross on either side of the screen prior to stimulus onset.

In the first step of the analysis, we examined two different mea-
sures of attention to the eyes. Total dwell time was calculated as a
commonly used general index of attention during the entire stim-
ulus presentation. This variable was assumed to be influenced by
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Figure 1: Experimental setup (a) and example of a neutral face image with a depiction of defined Areas Of Interest (AOIs) used
in the analysis (b) and a typical recorded scanpath visualization composed of fixations connected by saccades (c).

top-down processes (e.g., task) and bottom-up (stimulus-driven)
factors. Further, we analyzed the location of the first fixation on
the image after stimulus onset and calculated the frequency of this
initial fixation on the eye region as a measure for spontaneous atten-
tion orienting to the eyes. This parameter might be more strongly
influenced by bottom-up (e.g., salient fearful widened eyes or a
happy smile) than by top-down factors because initial saccades
have been shown to be less susceptible to voluntary control/goal-
directed mechanisms than later eye movements [Nummenmaa et al.
2006]. We predicted the AVO group to show reduced attention to
the eyes compared to controls across both tasks and all emotions
(derived from Adolphs et al. [2005]). This was hypothesized to be
indicated by dwell time and especially frequency of the initial fixa-
tion on the eye region since impaired bottom-up processes were
shown to be the reason for the lack of spontaneous fixations to
the eyes in a patient with bilateral amygdala lesion [Kennedy and
Adolphs 2011]. Additionally, we expected to find a relation between
reduced attention to the eyes and high psychopathic traits.

Since there is evidence that attention orienting mechanisms may
be more generally impaired in association with high psychopathic
traits [Dawel et al. 2015], we included two additional metrics in
our analysis. First, we calculated the number of gaze transitions
between the important diagnostic regions of the faces i.e., left and
right eye, nose, and mouth. Gaze transitions between these diag-
nostic features should vary depending on how much information
is needed to be processed and evaluated for the categorization deci-
sion. Second, we investigated the structure of the viewing patterns
by calculating gaze transition entropy [Krejtz et al. 2015]. This pa-
rameter was developed to allow comparisons of the predictability of
fixation transitions between AOIs and thus can be an index of how
structured vs. chaotic the switching patterns are. Investigation of
group differences and correlations with psychopathic traits using
both of these innovative metrics is explorative and may be use-
ful in developing new hypotheses about altered scanning patterns
underlying emotion recognition deficit in antisocial populations.

3 METHODOLOGY

In the present study, we collected eye movement data while cate-
gorizing gender and emotional expressions of displayed faces in

AVOs and a healthy control group. Clinical interviews, self-report
questionnaires, and an intelligence test were used to assess charac-
teristics of all participants.

3.1 Participants

Twenty-one antisocial male offenders convicted for violent crimes
were recruited from a cooperating German correctional facility (Jus-
tizvollzugsanstalt Rottenburg). All fulfilled the following inclusion
criteria: Between 18 and 65 years of age, sufficient knowledge of
the (German) language and no self-reported current or history of
psychotic symptoms. Three of the AVOs had to be excluded due
to technical problems during recording of the eye movement data
resulting in a final sample of n=18. They had been charged with
sentences ranging from 7 months to lifetime for crimes such as
(aggravated) assault (n=7), (attempted) murder (n=4), (attempted)
manslaughter (n=3), (aggravated) robbery (n=2), or (attempted)
extortion under threat of force (n=2).

Healthy male individuals with no history of criminal offenses
(n=21) were recruited from the institute’s database and via social
media (e.g., facebook posts). All participants gave written informed
consent and received monetary compensation for participation.
The study was approved by the local ethics committee and was
conducted in accordance with the Declaration of Helsinki.

3.2 Diagnostic Measures

Current or lifetime psychiatric disorders were assessed with the
Mini International Neuropsychiatric Interview (MINI) [Sheehan
et al. 2010] according to DSM-IV criteria (Diagnostic and Statisti-
cal Manual of Mental Disorders) [American Psychiatric Associa-
tion 2000]. Psychopathic personality traits and aggressive behav-
ior were measured using two self-report questionnaires. The 64-
item Self-Report Psychopathy scale (SRP-III) [Paulhus et al. 2009]
yields a total score and scores for the four factors of psychopa-
thy: Interpersonal Manipulation, Callous Affect, Erratic Lifestyle,
and Antisocial Behavior. The 29-item Buss-Perry Aggression Ques-
tionnaire (BPAQ) [Buss and Perry 1992; Herzberg 2003] assesses
aggression on four subscales, i.e., Physical Aggression, Verbal Ag-
gression, Anger, and Hostility, which are aggregated to a total score.
To measure intelligence, we used the 18-item nonverbal Wiener
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Matrizen-Test 2 (WMT-2) [Formann et al. 2011]. The WMT-2 is a
short version of the original Wiener Matrizen-Test [Formann and
Piswanger 1979] that assesses deductive reasoning.

3.3 Stimuli

We used images of faces displaying seven different emotional ex-
pressions (i.e., angry, disgusted, happy, fearful, neutral, sad, or
surprised) with 562 X 762 pixel resolution (see Figure 1b for a neu-
tral example and presentation size relative to screen). We chose
faces of 16 models from the Karolinska Directed Emotional Faces
picture set [Lundqvist et al. 1998] following the selection of Eisen-
barth and Alpers [2011] who studied gaze patterns associated with
different emotional expressions in a previous study. Each model
displayed each of the seven emotional expressions yielding a total
of 112 images. The 112 images were split into two stimulus sets
(four male and four female models each) of comparable recognition
rate according to Goeleven et al. [2008]. For each participant, each
stimulus set was assigned to either the gender discrimination or the
emotional categorization task. Image set assignment to task was
balanced to control for possible stimulus effects.

3.4 Procedure

The study was designed as a 2 (group) X 2 (task) x 7 (emotion) mixed
design. Participants were asked to categorize presented emotional
faces in two tasks (i.e., gender discrimination and emotion catego-
rization) while their eye movements were recorded. Prior to testing,
we conducted a 9-point calibration (average calibration error lower
than 0.5° visual angle). During the recording, data quality was con-
tinuously monitored by the experimenter and a drift check was
performed at the beginning of each trial (i.e., participants were
asked to look at a fixation spot to allow comparison of actual and
calculated gaze position). Order of tasks was fixed beginning with
the gender discrimination task and followed by the categorization
of emotional expressions. Both tasks started with seven practice
trials. Next, facial affective stimuli of the assigned set (see § 3.3
for detailed description) were presented with one repetition and in
random order resulting in 112 experiment trials per task (i.e., 224 in
total). At the beginning of each trial, a fixation cross was displayed
either on the left or on the right side of the screen (approximately
at the height of the middle between eyes and mouth of the faces).
The stimulus was presented for 2500 ms only after a fixation of
300 ms was recorded in order to ensured that the current fixation
was not within the facial image at stimulus onset. Participants re-
sponded during presentation of a response display by clicking on
the gender or emotion category. Subsequently, a clinical interview
(MINT) was conducted and participants completed the self-report
questionnaires and the WMT-2 assessment of deductive reasoning.

3.5 Apparatus

Stimuli were displayed on a 19-inch computer screen with 1024x768
pixel resolution. Each participant’s chin was placed on a chin rest
to minimize head movement and to ensure a viewing distance of
60 cm (see Figure 1a). Eye movements were recorded binocularly at
a sampling rate of 500 Hz using an SR Research EyeLink 1000 eye
tracker.! As display computer we used an HP laptop controlling
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stimulus presentation and data collection via Experiment Builder
software from SR Research [2008].

3.6 Eye Movement Data Analysis

Analysis of gaze patterns was based on four predefined Areas of
Interest (AOIs), i.e., left eye, right eye, nose, and mouth (see Fig-
ure 1b). For analyzing attention to the eyes, the AOIs for the left
and right eye were combined. After sample output reports were cre-
ated with SR Research’s Data Viewer, data were further processed
using Duchowski’s [2017] Gaze Analytics Pipeline (implemented in
Python), consisting of the following (customized) steps:

(1) denoise and extract raw gaze data g; = (x;, yj, t;) from the
vendor’s exported files, where (x;, y;) coordinates indicate
the position of the gaze point, and #; indicates the timestamp,

(2) filter raw gaze data to detect fixations f; = (xj,y;, t;, d;),
where (x;,y;) now indicate the centroid of the fixation, d;
the fixation’s duration, and t; the timestamp as before,

(3) collate fixation-related data for statistical analysis.

In the present case, following Siegenthaler et al. [2014], the denois-
ing step included removal of data 200 ms before the start of, and
200 ms following the end of a blink, as identified by the eye tracker
(other methods are also available, e.g., see Jiang et al. [2013]). In
the filtering step, data was converted to visual angle given screen
resolution (1024 X 768 pixels), diagonal dimensions (19-inch), and
assumed viewing distance (60 cm). A 7-tap Savitzky-Golay [1964]
filter was then used to differentiate positional gaze data to pro-
duce velocity. The Savitzky-Golay filter was set to use a 3d degree
polynomial to fit the data (see Gorry [1990] for further filter usage
details). Saccade detection was based on a velocity threshold of 50°
per second.

Subsequently, dependent eye movement variables were sepa-
rately calculated for each participant and for each task and emotion
in R [R Core Team 2016]. We analyzed main effects and possible
interactions of the factors group, task, and emotion for each eye
movement parameter using mixed analysis of variance (ANOVA).
Significant interactions were followed by posthoc ANOVAs or ad-
justed posthoc t tests. Additionally, we tested for associations be-
tween eye movement parameters and psychopathic and aggressive
personality traits by calculating correlations.

4 RESULTS

We first present demographic and clinical characteristics of AVOs
and healthy controls, and then report results for recognition per-
formance in both tasks. Subsequently, we provide results of the
analysis of eye movement parameters introduced above (§ 2.3).

4.1 Participant Characteristics

Demographic and clinical data of offenders and healthy controls
are described in Table 1. Both groups did not differ in terms of
age, education, or IQ. The AVO group reported significantly higher
levels of psychopathic and aggressive traits.

Eight AVOs reported a history of substance or alcohol abuse or
addiction and five reported symptoms of a previous major depres-
sion. Only one participant in the healthy control group reported a
history of substance abuse.
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Figure 2: Eye movement parameters describing attention to the eyes for both groups (AVO, antisocial violent offender group;

CTL, control group), both tasks, and emotion categories.

4.2 Behavioral Data

AVOs and healthy controls performed equally well on the gender
discrimination task. The overall accuracy was high (99.45% cor-
rect). However, categorizing emotions was generally more difficult
(80.33% correct). Both groups showed a comparable performance
in this task (AVO group: M = 81.34%, SD = 24.77; control group:
M=179.17%, SD =22.23). Consistent with findings of previous stud-
ies (see e.g., Gillespie et al. [2017, 2015]), recognition of fearful faces
was least accurate (43.59% correct) whereas accuracy was best for
happy faces (97.28% correct).

4.3 Eye Tracking Data

Prior to analysis of dynamic eye movements, we calculated the ratio
of fixation count within the AOIs and total number of fixations.
The proportion of fixations within AOIs was high for antisocial

offenders (M = 93.30%, SD = 5.27) and for healthy controls (M =
93.96%, SD =3.37) with no differences between groups, $(28.01)=
0.45, p=.653. The results were comparable to previous findings (see
e.g., Schurgin et al. [2014]). In this way, we verified the definition of
AOQIs and ensured that all frequently fixated regions were included
in the analysis.

4.3.1 Attention to the Eyes. Figure 2 shows the results for the
eye movement parameters measuring attention to the eye region.
For dwell time (see Figure 2a), there was no main effect of group,
F(1,37) = 0.19, p = .667, and no significant two- or three-way
interaction, all F < 2.07, all p > .130, indicating that, in general,
attention to the eye region was similar between antisocial offenders
and healthy controls. The main effect of task was non-significant,
F(1,37)=2.13, p=.153. Only the displayed emotion significantly
influenced the time spent fixating the eyes, F(1,37)=16.47, p <.001,
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Figure 3: Number of transitions between the AOIs for both groups (AVO, antisocial violent offender group; CTL, control group),

both tasks, and emotion categories.

with disgusted and happy expressions drawing the shortest average
dwell time on the eyes compared to the other emotions, all p <.023
(except from happy compared to angry faces, p=.182). Fearful and
neutral expressions evoked the longest dwell times on the eyes but
were only significantly higher than for disgusted, happy and angry
faces, all p <.008.

For the frequency of the initial fixation on the eye region (see
Figure 2b), the main effect for group was non-significant, F(1,37) =
0.01, p=.935. However, there was a significant interaction between
group and task, F(1,37)=5.12, p=.030. Follow-up ANOVAs for both
groups separately indicated an effect of task only for the control

Table 1: Demographic and clinical sample characteristics.

Variable AVO (n=18) CTL (n=21) t(37)
Age 34.00 (9.56)  34.10 (11.18)  0.03
Education (years) 9.27 (1.63) 9.90 (1.14)  1.37
WMT-2 Sum Score 7.06 (2.98)  8.57(3.49) 146
SRP
Total Score 2.79 (0.40) 2.22(0.39)  4.54**
Interpers. Manip. 2.52(0.35) 2.27 (0.42)  2.04*
Callous Affect 2.47 (0.51) 2.26 (0.40)  1.44
Erratic Lifestyle 3.13 (0.56) 2.60 (0.49)  3.09**
Antisocial Behavior 3.03 (0.61) 1.74(0.63)  6.48*
BPAQ
Total Score 80.11 (18.74)  56.67 (15.94) 4.17***
Physical Aggression  25.44 (8.40) 15.95 (6.76)  3.85™**
Verbal Aggression 16.56 (2.66) 13.10 (3.48)  3.51*"
Anger 15.61(4.42)  11.38(3.88)  3.15**
Hostility 22.50 (6.84)  16.24 (5.98)  4.17***

Note. AVO, antisocial violent offender group; CTL, healthy control group;
WMT-2, Wiener Matrizen-Test; SRP, Self-Report Psychopathy scale; BPAQ,
Buss-Perry Aggression Questionnaire; The data presented in the table refers
to means and standard deviations for each measure (in parentheses).
#*%520.001, **p<0.01, *p<0.05.

group, F(1,20)=7.93, p=.011, but not for the antisocial offenders,
F(1,17) = 0.31, p = .586. Hence, control participants tended to
initially fixate the eyes more often during gender discrimination
than during emotion categorization, whereas the task was irrelevant
for violent offenders. Consistent with the results for dwell time,
the main effect for emotion was significant, F(1,37)=5.95, p <.001.
However, the influence of emotion was dependent on task which
was indicated by a significant interaction between emotion and
task, F(5.42,200.67)=2.31, p=.040 rendering the influence of the
displayed emotional expression more complex.
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Figure 4: Relation of the total score on the Self-Report Psy-
chopathy scale (SRP) and number of transitions between the
AOISs across tasks and emotions for both groups (AVO, anti-
social violent offender group; CTL, control group).
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Figure 5: Transition matrices of antisocial violent offenders (AVOs) and control group (CTL) for both tasks across emotions.
Higher observed probabilities along matrix diagonals indicate a tendency to refixate current AOIs. Higher observed probabil-
ities in the upper-left matrix quadrant are evidence of gaze switching between the two eye regions.

For both reported measures of attention to the eyes, there were
no significant correlations with total scores or subscales of self-
reported psychopathic or aggressive personality trait measures, all
[r]<.21, all p>.189.

4.3.2  Number of Transitions between AOIs. Figure 3 shows the
number of transitions between AOIs, indicating the extent of visual
exploration demonstrated by the participants. Analyses yielded
no significant effect of group, F(1,37) = 0.19, p = .659, and no
significant two-way interaction with this factor, all F < 0.43, all
p > .649. The main effect of task was significant, F(1,37) = 76.85,
p < .001, indicating that participants exhibited more AOI transi-
tions during emotion categorization when compared to gender
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Figure 6: Transition entropy for both groups (AVO, antiso-
cial violent offender group; CTL, control group) and both
tasks across emotions.

discrimination. Further, there was a significant main effect of emo-
tion, F(5.10, 188.86) = 8.69, p < .001, and an interaction between
emotion and task, F(4.57,169.12)=6.68, p <.001, indicating a task-
dependent influence of emotional expression on the number of
transitions between AOIs. Follow-up ANOVAs showed that there
was only a significant effect of emotion for the emotion catego-
rization task, F(4.37,161.71) = 12.40, p < .001, and not for gender
discrimination, F(5.13,189.87) = 1.13, p = .346. Interestingly, the
number of AOI transitions for the different emotion categories dur-
ing emotion recognition showed a roughly inverted picture of the
accuracy data. Accordingly, participants made the most transitions
during the attempt to recognize fearful faces and the least transi-
tions for happy faces even though they did not differ significantly
from all of the other emotions. Finally, the three-way interaction
of group, task and emotion was significant, F(4.57,169.12)=2.59,
p <.032 which was driven only by a group-dependent influence of
task for angry faces, F(1,37)=5.00, p <.032. When broken down by
emotion, follow-up ANOVAs for all other emotions did not yield
significant interactions between group and task, all F < 0.52, all
p>.475.

It should be noted that the number of AOI transitions showed
significant positive associations with self-reported psychopathy
measures, i.e., SRP total score, r = .44, p = .005 (see Figure 4),
and three SRP subscales, i.e., Interpersonal Manipulation, Erratic
Lifestyle, and Callous Affect, all r > .36, all p <.026. For the remain-
ing psychopathy subscale Antisocial Behavior and the reported
scores of aggressive behavior, there were no such associations, all
r<.13, all p>.441.

4.3.3 Gaze Transition Entropy. Gaze transition entropy, as de-
veloped by Krejtz et al. [2015], was designed to statistically compare
fixation transitions between AOIs. With a set of AOIs S={1,...,s}
defined over the stimulus, computation of transition entropy re-
quires construction of first-order transition matrices. Matrix ele-
ments contain observed conditional probabilities, from which nor-
malized transition entropy H; is calculated as

1
Hy = ———= > pi . pijlog, pij, 1
t log, || pi pijlog; pij (1)
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where p; is the observed (simple) probability of viewing the i AOL,
pij is the conditional probability of viewing the it Aol given the
previous viewing of the i" AOI, and |S]| is the number of AOIs.
Transition entropy H; provides a measure of statistical dependency
in the spatial pattern of fixations represented by the transition
matrix, and is used to compare one matrix to another.

Weiss et al. [1989] note that a small H; suggests a dependency
between fixation points, while a large H; suggests a more random
scanning pattern. That is, entropy refers to the “expected surprise”
of a given gaze transition. Minimum entropy (0) suggests no ex-
pected surprise, indicating that a gaze transition is always expected
to the same jth AOIL Maximum entropy (1, when normalized), on
the other hand, suggests maximum surprise, since transition from
source i AOI to any destination i AOT is equally likely. More
formally, the term —p;; log, p;i; in (1) reflects the transition’s con-
tribution to system entropy, modeled by its probability multiplied
by its surprisal [Hume and Mailhot 2013].

Computed transition matrices are shown in Figure 5 and corre-
sponding transition entropies in Figure 6. For transition entropy,
there was no significant main effect of group, F(1,37)=0.01,p=.928.
Only task had a marginally significant effect on transition entropy,
F(1,37)=4.08, p=.051, showing a tendency for higher entropy dur-
ing categorization of emotions compared to the gender discrimina-
tion (see Figure 6). All remaining main effects and interactions were
non-significant, all F <1.05, all p>.391. Calculations of correlations
of transition entropy with self-reported scores of psychopathic and
aggressive personality traits did not yield any significant results
either, all r <.28, all p>.084.

5 DISCUSSION

The aim of the present study was to investigate different aspects
of viewing patterns in male AVOs and matched healthy controls
while labeling either gender or emotional expression category of
presented faces. AVOs reported significantly higher scores of ag-
gressive behavior and psychopathic traits than control participants.
However, groups did not differ in terms of emotion recognition
accuracy and there were no general group differences in viewing
patterns.

The analysis of dwell time and frequency of the initial fixation
on the eye region indicated that healthy controls as well as AVOs
exhibited a strong preference to look at the eyes of the displayed
faces. Consistent with findings of previous studies, attention to the
eyes was influenced by the displayed emotion (e.g., more attention
to the eye region for fearful compared to happy faces; [Eisenbarth
and Alpers 2011; Scheller et al. 2012; Schurgin et al. 2014]) but also
by task demands (e.g., see Smith and Merlusca [2014]). Finally, there
were no general group differences and both indices of attention
to the eyes were not related to psychopathic traits or aggressive
behavior. Thus, our findings yielded no evidence of impaired atten-
tional orienting to the eyes associated with psychopathic traits or
in antisocial populations per se.

Including the current work, only three studies investigated scan
patterns while viewing faces in antisocial groups, overall show-
ing inconsistent findings [Gillespie et al. 2017; Martin-Key et al.
2017]. Thus, future studies should investigate antisocial individuals
classified as psychopaths according to the Psychopathy Checklist

Gebhrer et al.

(PCL-R) [Hare 2003], the current gold-standard for the assessment
of psychopathy. Further, it remains unclear whether the findings
can be generalized to females because most studies only included
male participants.

In the second part of the analysis, we examined two additional
eye movement parameters in order to explore further possible dif-
ferences between AVOs and healthy controls with regard to scan
patterns, i.e., number of transitions between AOIs and gaze transi-
tion entropy. The number of gaze transitions between diagnostic
features (operationalized as AOIs) is assumed to be an index for the
extent of exploration and was indicated to be related to task diffi-
culty. Accordingly, the number of transitions in the current study
was higher for the difficult emotion categorization compared to the
easier gender discrimination task. Further, the number of transi-
tions varied across emotions only when they were task-relevant
and more difficult emotions such as fear were linked to higher num-
ber of AOI transitions than easy emotions such as happiness. Thus,
this variable might indicate different levels of task difficulty. Gaze
transition entropy was calculated as a measure for the predictability
of fixation transitions between AOIs. A trend of higher transition
entropy during emotion recognition compared to gender discrimi-
nation was consistent with the expectation of less predictable gaze
patterns during more complex tasks. According to these parameters,
AVOs and healthy controls showed similar exploration behavior.
However, higher psychopathic traits were related to higher num-
bers of transitions between AOIs possibly indicating more rapid
switching between diagnostic features of the face in order to collect
more information. This association might reflect higher subjective
task difficulty associated with higher psychopathic traits. However,
this assumption is highly speculative and replication of the current
findings is required.

Based on the present results, no final conclusions can be drawn
regarding the effects of task or displayed emotion on the presented
eye movement variables in the general population. We investigated
a specific sample of male individuals with rather low levels of
education and thus, our findings might not be applicable to other
individuals. Further, future studies should explore face scanning
including these innovative gaze analytic methods in order to re-
examine our interpretation.

6 CONCLUSION

We presented an analysis of viewing patterns while categorizing
emotional faces based on standard eye movement parameters such
as total dwell time to certain AOIs as well as more innovative gaze
analytic metrics (e.g., gaze transition entropy). Here, we investi-
gated viewing patterns of a group of AVOs matched with healthy
control participants. According to our analysis, there were no clear
differences between groups in terms of attention to the eyes, extent
of exploration behavior, or structure of switching patterns between
AOIs. The majority of eye tracking studies in clinical psychology
does not yet tap the potential of more recently developed analytic
methods which could provide additional insight in dysfunctional
processes associated with psychological disorders. Therefore, the
present study contributes to the implementation of innovative gaze
analytic methods and to the development of future standard proto-
cols for eye tracking studies in clinical psychology.
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