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ABSTRACT

Empathy has been typically studied by means of paradigms including static representations of
socially relevant stimuli and it has been acknowledged that there is need for more ecologically
valid, dynamic measures. The present study aimed to study implicit (‘arousal’) and explicit
(‘concern’) emotional empathy in response to positive and negative emotional stories in three
virtual reality settings in males and females (N=39). It was hypothesized that emotional
stories would elicit less arousal or implicit emotional empathy in a nature environment
compared to a more urbanized environment. Males were hypothesized to score in general
lower on empathy measures. Findings showed that emotional empathy was context-
dependent and independent of gender. While it has been shown that environmental presence
matters when it comes to emotional empathy, the explanation why this specific behavioral
pattern was observed still needs to be clarified and suggestions to extend and improve the
Virtual Reality Empathy Paradigm have been suggested.
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INTRODUCTION
Empathy is the ability to understand other people’s emotions and experience those emotions
too. The latter is usually referred to as ‘emotional empathy’ and the former as ‘cognitive
empathy’ (1-4). Studies have shown that both types have distinct neurobiological
underpinnings (5, 6). Selective impairment of one of both has been shown in pathologies such
as autism spectrum disorder where cognitive empathy is compromised (7) and alcoholism,
where emotional empathy is impaired (8).

Typically research has made use of paradigms including static representations of socially
relevant stimuli. Prototypical examples of paradigms assessing cognitive empathy are the
Reading the Mind in the Eyes test (9) or the Facial Emotional Recognition Test (10) where
(parts of) a face expressing either a fully-blown or a morphed emotion are presented.
Participants have to choose the word matching the depicted emotion from a predefined
number of emotions. In the Multifaceted Empathy test (7) participants are shown pictures of
people expressing an emotion and participants have to recognize the emotion (‘cognitive
empathy’) and rate their concern and how this makes them feel (‘emotional empathy’). While
research using these paradigms -including static stimuli- has shown its merits by for example
demonstrating dissociation between cognitive and emotional empathy in adults with Asperger
syndrome (7), it has also been argued that there is need for more ecologically valid, dynamic
measures (11).

Risko and colleagues (2012) who compared social attention using static and dynamic stimuli
showed the added value of using both approaches while stressing not to minimize the value of
research using static stimuli either. They showed that while certain attentional processes were
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similar using both kind of stimuli, other, like gaze following was altered when there was a
potential for social interaction (12). The latter underscoring the importance of exploring the
effects of dynamic stimuli on social behavior.

The Movie for the Assessment of Social Cognition (13) and the Multidimensional Movie
Empathy Test (14) are two examples of tasks measuring cognitive and emotional empathy
respectively by using film clips in which social interaction is shown. While these stimuli
approach daily life situations very closely, the participant is still not part of the social situation.
Virtual reality is a means by which this becomes possible, offering promising opportunities to
study social behavior (15). Making use of an immersive virtual environment where the
environment perceptually surrounds a person offers ‘mundane realism’, i.e., similarity to
situations encountered in everyday life. It is suggested that this increases the engagement
within the experimental situation and intensifies the sensitivity to experimental manipulations
(15). Immersive virtual environment technology enables the experimental study of social
interactions in an accurate and relatively unobtrusive manner (16). Toppenberg et al. (2015)
for example studied whether a medical diagnosis and the sexual orientation of a patient
(avatar) were related to approaching behavior by the participant in a virtual hospital room.
Approach behavior was based amongst other on the interpersonal distance and the speed of
approach (17).

When confronted with the emotions of others there can be an automatic and unconscious
transfer of emotions between people, known as emotion contagion (18). Exemplary of this is
the phenomenon that people feel pain when they see someone in pain or cry when watching a
sad movie and see people in distress. Although it has been shown that crying during a movie
can paradoxically be experienced as pleasurable (19), being confronted with emotions of
others in daily life can be overwhelming and stressful (20). Interestingly, it has been shown
that stress recovery is higher when people are in a natural environment and more positive
emotional self-reports are provoked in such an environment compared to an urban
environment (21, 22).

Previous research has shown that emotional empathy can differ between sexes. Women for
instance reported to experience the emotions of others with a greater likelihood than men
(23). In addition, studies have shown that males consistently score lower on self-reported
empathic functioning compared to females (24-27), that women are better at recognizing
emotions or ‘cognitive empathy’ (28), and that brain networks underlying cognitive and
emotional empathy show gender differences (29).

The present study was set up to investigate emotional empathy in response to positive and
negative emotional stories in virtual reality settings with a different degree of urbanization
(park, bar, living room). Based on previous research it was hypothesized that emotional stories
would elicit less arousal or implicit emotional empathy in a nature environment (park)
compared to a more urbanized environment (bar). There were no specific hypotheses about
the effect of environment on explicit emotional empathy (‘concern’). Second, it was aimed to
test whether there are gender-specific empathic response patterns. Based on previous work it
was hypothesized that males would score lower on empathic responses and self-rated
empathy compared to females.
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MATERIALS AND METHODS

Participants and design

The study was conducted according to a between-subject design with gender (male/female) as
between subject factor. In total, 39 healthy volunteers (mean age (SD) 22.4 (2.4); 20 males)
were included in the study. The male participants had a mean (SD) age of 22.8 (2.8), the female
participants of 22.0 (2.0). Recruitment took place by means of flyers at Maastricht University
and through ‘Sona Systems’, a digital platform (maastricht-fpn.sona-systems.com) for
participant recruitment. Exclusion criteria were suffering from mental illness or heart disease.

Procedure

When interested in the study, individuals were sent the information brochure of the study
explaining the aims and procedures. In case of no objection, participants were included. On the
test day, upon arrival at the test facilities, participants had the opportunity to ask questions
about the study and its procedures. When everything was clear, they signed the informed
consent.

The test session started with filling out questionnaires assessing trait empathy by means of the
interpersonal reactivity index (IRI) and the empathizing-systemizing questionnaire (EQ/SQ).
After this, electrodes to register heart rate were attached to the chest (3-lead ECG, with a lead-
Il configuration) and data was transmitted wirelessly to a laptop. They then were seated in
front of a second laptop on which they conducted two empathy tasks, i.e., multifaceted
empathy test and the multidimensional movie empathy test (MET). The data of the latter task
is reported elsewhere (14). After this, participants did the virtual reality empathy paradigm
(VREP) in which both behavioral data and heart rate data were registered. The MET served to
validate the VREP.

To compensate for their time investment, participants received either a gift voucher or a
participation credit; the latter is part of the Psychology Bachelor training. The study was
approved by the Ethical Committee of Psychology of the Faculty of Psychology and
Neuroscience of Maastricht University.

Empathy tasks

Multifaceted Empathy Test

The Multifaceted Empathy Test (MET) (30) consists of 40 pictures of people conveying a
complex emotional state which was positive in 50% of the pictures and negative in the other
half. To assess cognitive empathy, participants had to select, out of 4 words, the emotion word
which matched the picture. To assess emotional empathy (EE), participants had to rate on a
scale from 1-9 how concerned they were for the person in the picture (‘Explicit EE’) and how
emotionally aroused (‘Implicit EE’) the picture made them by using the ‘Self-Assessment
Manikin’. This SAM contains a metaphor for arousal in increasing order, with 5 choice
alternatives (31). Dependent variables were the number of correct classified pictures and
corresponding reaction times and the Implicit and Explicit EE ratings per valence (7).

Virtual Reality Empathy Paradigm

By means of Vizard 4.0 enterprise (32 bit) a virtual reality empathy paradigm (VREP) was
designed for the current study in order to assess emotional empathy during social interactions
in daily life situations. These situations or environments had a different degree of urbanization,
as it has been shown previously that a higher degree of urbanization can lead to more stress
and nature can lead to faster stress recovery (21, 22). The three created environments were: a
bar (urbanized environment), a park (nature environment) and a living room (an intermediate
environment, i.e., in between urbanized and nature). In these environments 4 avatars were
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positioned. The avatars were 4 realistically looking males (N=2) and females (N=2) displaying
a positive emotion (joy) or a negative emotion (sadness). The participant saw the three
environments through googles and they could enter the environment of choice by saying the
number of the environment. The experimenter then gave the participant access to the
environment. Once in the environment, 4 avatars were visible and physically approachable.
Upon approaching one of the avatars and crossing a certain threshold distance, the avatar
started to tell its story, its mouth moved and supporting hand gestures were used. The
emotional valence of the story was congruent with the emotion the avatar displayed. When the
story ended, after 1 minute on average, a white screen popped up and participants had to
answer three subsequent questions. The first one was a control question, asking whether the
emotional story they heard was a positive (‘happy’) story or a negative (‘sad’) story. Thereafter
participants had to answer how concerned they were for the avatar (‘explicit emotional
empathy’) and how much emotional arousal they felt (‘implicit emotional empathy’). The latter
was assessed by means of self-assessment manikins (‘SAM”) containing a metaphor for arousal
in increasing order, with 5 choice alternatives (31). The former was assessed by means of a 10-
point scale. After the questions were answered, the participant had to walk to a red dot and
s/he which activated the projection of the 3 environments. The participant had to repeat the
whole procedure of picking an environment and an avatar, listening to the story and answering
the three questions. In total, 12 stories were presented by 4 avatars in three environments.
Heart rate was continuously registered during the task which approximately took
approximately 20 minutes. The distance kept from each approached avatar was calculated.

Before starting the task participants were asked to give names (preferably, names of family or
friends) to the four avatars in order to increase the (emotional) involvement in the task. These
names were shown above the heads of the avatars in the VR-environment. Participants saw the
VR environment through a head-mounted display (nVisor ST50, 1280x1024 resolution, 60 Hz
refresh rate) which was connected to a HDMI transmitter/receiver system, worn in a
backpack. Participant movements were tracked using a PhaseSpace IMPULSE motion capture
system that tracked LED’s attached to the head-mounted display. The audio for the VR-task
was provided by a single fixed speaker located in the VR-environment.

Dependent variables were the rating of emotional empathy (concern, arousal) and distance
kept from the avatar. The categorization of stories by valence was a control measure to test
whether participants paid attention to the content of the story.

The 12 stories were rated by independent raters on affective dimensions of valence (emotion
intensity of the story on a 10 points-scale) and arousal (arousal experienced on a 5-points SAM
scale) when reading the story, not presented in the virtual reality environments. The intensity
ratings of the positive stories did not statistically differ between positive stories and had an
average (£SE) rating of 7.9 (£0.2); the intensity ratings of the negative stories also did not
statistically differ between negative stories and had and average (+SE) rating of 6.6 (£0.5).
When comparing positive and negative stories it was shown that the intensity of valence of
emotion was rated higher for positive stories compared to negative stories (t;3= -2.5= p=
0.02). The arousal experienced when reading the positive stories statistically differed between
stories 3-5 (3= -5.0= p= 0.01) and stories 5-6 (&3= 3.6= p= 0.03). Arousal ratings for the
positives stories did not statistically differ. When averaging the intensity and arousal ratings
over stories with the same valence to be presented in the same virtual reality environments,
there were no statistically significant differences between ratings, i.e., the stories presented in
the three environments had comparable intensity and arousal ratings.
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Heart rate was recorded during the VREP using a wireless Biopac Bionomadix ECG BN-TX
device with three electrodes in the lead-II configuration. Data was recorded by means of the
Brain Vision recorder 1.20 at a sampling rate of 500 Hz and preprocessed by means of Vision
Analyzer 2.0.

Preprocessing consisted of data filtering (low cut-off: 20; high cut-off: 70, notch: 50 Hz) after
which R-peaks were automatically detected (threshold: 400 pV). After this process, a visual
inspection of the data was conducted to check whether all artifacts were removed. In case of
artifacts, these were manually removed. Peaks were exported to Excel where data was
averaged per story to a beats per minute value (bpm).

Questionnaires

Interpersonal Reactivity Index

The Interpersonal Reactivity Index (IRI) is a 28-item questionnaire consisting of 4 discrete
seven-item scales i.e. ‘Fantasy’, F (tendency to imaginatively transpose oneself into fictional
situations), ‘Perspective-Taking’, PT (tendency to spontaneously adopt the psychological
viewpoint of others), ‘Empathic Concern’, EC (taps the respondents’ feelings of warmth,
compassion and concern for others), and ‘Personal Distress’, PD (assesses self-oriented
feelings of anxiety and discomfort resulting from tense interpersonal settings). The first two
scales are a measure of Cognitive Empathy; the two latter a measure of Emotional Empathy
(32, 33).

The Empathizing (EQ)-Systemizing Quotient (SQ)

The EQ-SQ questionnaire consists of 120 statements in a forced choice format (i.e. strongly
agree; slightly agree; slightly disagree; strongly disagree). Half of the items form the SQ, the
other half the EQ. Both scales contain 20 filler items and 40 ‘real’ items tapering the construct
of interest, i.e. respectively ‘Systemizing’ (= the drive to analyze systems or construct systems)
and ‘Empathizing’ (= the drive to identify mental states and respond to those with an
appropriate emotion). The maximum score on both scales is 80. Previously it has been shown
that normal male adults score higher on the SQ and lower on the EQ compared to women (27,
34, 35).

Statistical analyses

Data of the VREP (arousal, concern, distance, heart rate), the MET (number correct, arousal,
concern), and the empathy questionnaires (IRl and EQ/SQ) were analysed by means of SPSS
(version 24.0). The MET and VREP data entered a General Linear Model (GLM) mixed ANOVA
with Gender as between subject factor (2 levels) and Valence as within subject factor (2 levels:
positive, negative). Environment (3 levels: park, bar, living room) was an additional within-
subject factor in the VREP. In case of main effects of Valence, Environment, or Gender,
Bonferroni-corrected pairwise comparisons were conducted; in case of interaction effects
subsequent t-tests were conducted to test the origin of the interaction. Empathy-questionnaire
data entered two separate multivariate ANOVAs with Gender as fixed factor.

To assess convergent validity of the VREP, Pearson’s correlations were calculated between
emotional empathy ratings of the VREP (individual stories) and the MET (overall score),
separately for negative and positive emotions. In order to test whether implicit and explicit
emotional empathy in the MET and VREP were associated, Pearson’s correlations were
calculated.
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The alpha criterion level of statistical significance for all analyses was set at p= 0.05; partial
eta? (n°) is reported in case of significant effects to demonstrate the effect’s magnitude (0.01:
small, 0.06: moderate; 0.14: large).

RESULTS
EMPATHY TESTS
Multifaceted empathy test
Cognitive Empathy
There was no main effect of Valence (Fi,37= 3.55, p=0.07, n°= 0.09) or Gender (F1,3= 1.77, p=
0.19, n°= 0.05) and no Valence by Gender interaction effect (Fz,37= 1.11, p=0.30, n?= 0.03) on
number of correct recognized emotions.

Explicit emotional empathy-Concern

Analysis revealed a main effect of Valence (F3= 25.03, p< 0.001, n?= 0.40) on ratings of
concern. Participants felt more concern for individuals displaying a negative emotion
compared to a positive emotion. There was no main effect of Gender (Fz,3= 0.08, p=0.78, n?=
0.002) or an interaction effect between Valence and Gender (Fz,3= 1.17, p=0.29, n°= 0.03) on
Concern.

Implicit emotional empathy-Arousal
Analysis revealed a main effect of Valence (Fi3= 21.01, p< 0.001, n?= 0.36) on arousal
ratings. Participants felt more aroused when confronted with negative emotions displayed by
individuals displaying compared to a positive emotion. There was no main effect of Gender
(F137= 0.65, p=0.42, n?= 0.02) or an interaction effect between Valence and Gender (F7,3=
1.34, p=0.25, n?= 0.03) on Arousal.

Correlation between explicit and implicit emotional empathy

Pearson’s correlations revealed strong statistically significant associations (p<0.001) between
explicit and implicit emotional empathy for positive (r3s= 0.82) and negative (rzs= 0.76)
emotions.

Virtual Reality Empathy Paradigm
Participants correctly (100%) categorized the stories as positive and negative.

Implicit Emotional Empathy-Arousal

Analysis showed main effects of Valence (F1,37= 60.78, p< 0.001, n?= 0.62) and Environment
(Fz74=5.07, p=0.009, n?= 0.12), and a Valence by Environment interaction effect (Fz 7= 4.95,
p= 0.01, n?= 0.12) on Arousal. The valence effect signified that participants were in general
more aroused by negative (sad) compared to positive (joyful) stories. The effect of
environment indicated that the arousal level was rated higher in the nature environment
(park, p= 0.03) and the urbanized environment (bar, p= 0.01) compared to the intermediate
environment (living room). Paired sample t-tests to test the origin of the interaction between
Valence and Environment demonstrated that arousal ratings were in higher in the urbanized
environment when confronted with positive emotions compared to the nature (t;s= -2.35; p=
0.02) and intermediate environment (t3s= 3.49; p= 0.001), and that arousal ratings in the
nature environment were higher when confronted with negative stories compared to the
intermediate environment (t38= 2.40; p=0.02) (Figure 1, panel A).

There was no interaction effect between Valence and Gender (F,37= 0.004, p= 0.95, n?= 0.00)
or Environment and Gender (Fz74= 0.28, p= 0.76, n°= 0.007), and there was also no three-way
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interaction between Valence*Environment*Gender (Fz7,= 0.18, p= 0.83, n°= 0.005) on
Arousal.

Explicit Emotional Empathy-Concern

Analysis showed main effects of Valence (F1,37= 40.52, p< 0.001, n?= 0.52) and Environment
(Fz74= 11.26, p< 0.001, n°= 0.23) and a Valence by Environment interaction (Fz7,= 4.65, p=
0.01, n?= 0.11) on Concern. The valence effect showed that in general, negative (sad) stories
elicited more concern compared to positive (joyful) stories; the effect of environment signified
that the level of concern was higher in the park (p= 0.001) and bar (p< 0.001) environment
compared to the living room. The origin of the interaction effect was tested with paired sample
t-tests and it was demonstrated that more concern was felt when confronted with emotional
stories in the nature environment compared with the intermediate environment, independent
of valence (positive: t3g= 2.90; p= 0.006; negative: tsg= 3.09; p= 0.004). In addition, concern
ratings for positive stories were higher in the urbanized environment compared with the
intermediate environment (3s= 4.18; p< 0.001). Other comparisons did not statistically differ
(Figure 1, panel B).

There was no interaction effect between Valence and Gender (F,3= 0.11, p= 0.74, n°= 0.00)
or Environment and Gender (Fz74= 0.20, p= 0.82, n°= 0.005), and there was also no three-way
interaction between Valence*Environment*Gender (Fz7s= 0.08, p= 0.92, n°= 0.002) on
Concern.

Correlation between explicit and implicit emotional empathy

Pearson’s correlations revealed strong statistically significant associations (*p<0.001)
between explicit and implicit emotional empathy for the stories heard in the different
environments (Table 1).

Environment
Valence of story Park Bar Living Room
+ rzo= 0.79* rso= 0.84* rso= 0.84*
- I'39= 0.79* I'39= 0.81* I'39= 0.89*

Table 1. Pearson’s correlations between explicit and implicit emotional empathy in the VREP

Distance
There were no main or interaction effects of Valence, Environment and Gender on the distance
that was kept from the avatar (Figure 1, panel C).

Heart Rate

Analysis showed a main effect of Valence (F;3= 4.30, p= 0.04, n°= 0.10) on Heart Rate. In
general, positive (joyful) stories caused a higher increase in heart rate compared to negative
(sad) stories (Figure 1, panel D).

There was no main effect of Environment (Fz 7= 1.44, p= 0.24, n°= 0.04) or Gender (Fi3=
0.74, p= 0.40, n?= 0.02) and no interaction effects between Valence and Gender (F3= 2.72,
p= 0.11, n?= 0.07), Valence and Environment (Fz7+~= 3.05, p= 0.053, n?= 0.08), or
Environment and Gender (Fz74= 0.74, p= 0.48, n?= 0.02), and there was also no three-way
interaction between Valence*Environment*Gender (Fz74= 2.48, p= 0.09, n°= 0.06) on Heart
Rate.
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Figure 1. Mean (£SE) of arousal (A), concern (B), distance (C) and heart rate (D) during
positive (+) and negative (-) emotional stories in three environments in the VREP; *depicts
statistically significant t-tests at p= 0.05

Convergent validity

Pearson’s correlations between emotional empathy outcome measures of the MET and VREP
demonstrated statistically significant positive correlations between arousal ratings on the MET
and VREP and between concern ratings on the MET and VREP (Table 2).
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VREP Arousal VREP-MET Concern VREP-MET
Avatar Environment | Valence I39 P I39 p

1 Park + 0.48 0.002 0.56 <0.001
2 _ 0.54 <0.001 0.51 0.001
3 + 0.51 0.001 0.59 <0.001
4 _ 0.54 <0.001 0.51 0.001
1 Bar + 0.61 <0.001 0.58 <0.001
2 _ 0.58 <0.001 0.51 0.001
3 + 0.61 <0.001 0.54 <0.001
4 _ 0.52 0.001 0.60 <0.001
1 LR + 0.58 <0.001 0.57 <0.001
2 _ 0.56 <0.001 0.42 0.008
3 + 0.59 <0.001 0.67 <0.001
4 _ 0.52 0.001 0.50 0.001

Table 2. Pearson’s correlations between outcome measures of the VREP and MET

QUESTIONNAIRES

Interpersonal Reactivity Index

Multivariate ANOVA revealed no statistically significant differences between males and
females on the two cognitive empathy scales, i.e., Perspective Taking (Fi,37= 0.003; p= 0.96;
n?= 0.00) and Fantasy Scale (Fi37= 3.81; p= 0.06; n?= 0.09). Males and females statistically
differed on one of the two emotional empathy scales, i.e., Personal Distress (F;3= 8.82, p=
0.005, n?= 0.19); it was shown that females scored higher on ‘personal distress’ compared to
males (Figure 2, panel A). There was no statistically significant gender difference on the other
emotional empathy scale, i.e.,, Empathic Concern (F;,3= 2.26, p= 0.14, n°= 0.06).

The Empathizing (EQ)-Systemizing Quotient (SQ)

Analyses revealed that males scored higher on the systemizing quotient compared to women
(F1,37= 5.38 p=0.03, n?= 0.13). There was no statistically significant difference between males
and females on the empathizing quotient (F;,3= 0.16, p= 0.69, n°= 0.004) (Figure 2, Panel B).
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Figure 2. Mean (ZSE) of subscales of the Interpersonal Reactivity Index (A) and
Empathizing/Systemizing (EQ/SQ) questionnaire for males, females and the total (overall)
sample; PT= Perspective Taking, FS= Fantasy Scale, EC= Empathic Concern, PD= Personal
Distress
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DISCUSSION

The present study aimed to study implicit (‘arousal’) and explicit (‘concern’) emotional
empathy in response to positive and negative emotional stories in different virtual reality
settings in males and females. It was hypothesized that that emotional stories would elicit less
arousal (implicit emotional empathy) in a nature environment (park) compared to a more
urbanized environment (bar). There were no specific hypotheses about the effect of
environment on explicit emotional empathy (‘concern’). Males were hypothesized to score in
general lower on empathy measures. Findings showed that emotional empathy was context-
dependent and independent of gender. Both empathy tests, that is, the MET and the newly
designed VREP, measured the same construct as shown by high convergent validity.

CONTEXT-DEPENDENT EMOTIONAL EMPATHY

In the urbanized (bar) environment, implicit emotional empathy, i.e. the arousal felt when
confronted with positive emotional stories, was rated higher compared to when stories were
heard in the nature and the intermediate environment. This was in line with the hypothesis,
based on previous research, demonstrating a faster recovery from stress (arousal) in nature
environments (21, 22). However, when confronted with negative emotional stories, more
arousal was reported in nature compared to the intermediate environment. This finding
cannot be explained by stress-reduction by a nature environment. It was assumed in the
present study that reported arousal levels would translate to feelings of distress, however this
is not certain.

Physiological responses could provide more information about this distress-arousal
association. The current study showed that heart rate decelerated in response to negative
stories. This is in line with previous findings showing larger heart rate decelerations in
response to negative affect stimuli (36) which could be attributed to an increased allocation of
attention when presented with high arousing stimuli (37). The effect in the present study was
however context-independent, in contrast to the behavioral data. It has been shown that
another physiological measure, i.e., skin conductance might be more sensitive to the behavioral
changes in emotional paradigms since this measure has been shown to increase with reported
affective arousal (10, 38). It is known that the skin conductance response is associated with the
stress response (39) and therefore adding this physiological measure to the VREP would
contribute in understanding the context-dependent nature of the implicit emotional empathy
response.

Explicit emotional empathy was shown to be higher, independent of valence, in the nature
environment compared to the intermediate environment, and to be higher in response to
positive stories heard in the urbanized environment compared to the intermediate
environment. Although this pattern is slightly different from the pattern observed for arousal,
both subtypes of emotional empathy seemed to correlate strongly. In other words, the feeling
they experienced, elicited by the story, was as intense as the concern they felt for the person
telling the story.

TRAIT AND STATE EMOTIONAL EMPATHY AND GENDER
Empathy trait questionnaires (IRI, EQ/SQ) revealed in general no differences between gender
except from higher ratings by females on ‘Personal Distress’, a subscale of the IRI, and higher
ratings for males compared to females on Systemizing, a subscale of the EQ/SQ. The latter
finding was party in line with research from others showing males to score higher on the
systemizing (27, 35); the present study failed, in contrast to the previously mentioned
research, to show differences between sexes on empathizing. Although not statistically tested,
the females in the present study seemed to score on average lower compared to the means
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found in other studies (35). With respect to the IR], a similar response pattern has been shown
in the past, in a sample of male and female nurses (40). It could also be argued that the absence
of a difference between sexes in self-reported empathy traits in both the IRI and EQ/SQ was
sample-specific and due to the fact that it were mostly psychology students who might be more
alike in terms of personality. Although this is highly speculative and remains to be tested,
support for this suggestion can be found in a previous study showing that certain personality
traits were associated with the specialization nurses chose during their training (41). With
respect to the absence of gender differences in behavioral measures of empathy, there is a void
of research, so that a reference to compare with is largely missing. While females have
reported a higher likelihood of feeling the feelings of others (23) more work is needed in this
field.

LIMITATIONS AND FUTURE STUDIES
While the strength of the present study is that emotional empathy in response to dynamic
‘multisensory’ stimuli in a number of immersive virtual environments was studied, the range of
emotions was limited to sadness and happiness. Extending the current paradigm with the basic
emotions ‘anger’, ‘fear’, ‘surprise’, and ‘disgust’ (42) and taking into account the recent findings
on 4 culturally common facial expression patterns (43) will allow us to study cross-cultural a
broad spectrum of emotions, in an ecologically valid environment.

The addition of questions about the experience of physical and spatial presence in virtual
reality to the VREP could also provide valuable information about gender-specific reactions in
VR paradigms since it has previously been shown that men experienced more physical
presence, involvement (‘cognitive engagement’) and a higher sense of being there than women
in a VR situation (39). Interestingly one study also showed that a subscale of the interpersonal
reactivity index, ‘Fantasy’, mediated gender differences in physical presence, though not social
presence (44). Although we did not show gender differences in the VREP nor on the Fantasy
scale, it has to be explored whether this holds with other samples and a broader scale of
emotions.

In the present study, heart rate was included as a physiological measure of emotional empathy.
Research has shown that while heart rate is sensitive to the valence of a stimulus, the skin
conductance response is more sensitive to arousal (38, 45, 46). In addition, these physiological
data could be used to provide feedback to the participant about the response given to certain
emotions (45, 47) and thereby improving empathy, since it has been shown that empathy is
learnable (48). A therapeutic application of the VREP could be improving emotional empathy
in people with alcoholism since this ability has been shown to be disturbed (8). Furthermore,
using this paradigm in imaging research with the given population could lead to a better
understanding about the underlying neurobiology of their disturbed emotional empathy.

CONCLUSIONS
In conclusion, it has been shown that environmental presence matters when it comes to
emotional empathy, since implicit and explicit emotional empathy differed between virtual
environments that had a different degree of urbanization. The explanation why this specific
behavioral pattern was observed still needs to be clarified and suggestions to extend and
improve the VREP have been suggested.
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