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Abstract
Nowadays, virtual technology with embedded virtual agents is increasingly present in everyday
life. Therefore, understanding the characteristics of psychological experience in social
interaction with virtual agents can be useful for theoretical and application purposes. Here, we
aim to understand whether individual differences in empathy can influence social interaction
with virtual agents. To this end, we designed a correlational study comparing individual
propensity towards empathic traits and the ability to take the perspective of a virtual agent
(VA) to understand whether and how they are associated. In an Immersive Virtual Reality
(IVR) scenario, participants had to locate a glass according to the perspective of a virtual agent.
They were seated behind a circular virtual table around which, in various positions closer and
further away, VAs with a glass placed in front of them could appear. Participants had to decide
whether the glass was to the right or left of the VA’s body midline. The results showed an
association between some components of empathy and localization time: the higher the
tendency to identify with a fictional character, the faster the participants were to locate the
glass in all positions of the virtual agents around the table. Likewise, the higher the tendency
to experience feelings of empathy, the faster they were in locating only when the VA was close
to the observer. These preliminary results suggest that individual differences in empathy and
the location of virtual agents help define how people experience virtual social interactions.
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1. Introduction
Nowadays, the Immersive Virtual Reality (IVR) is increasingly prevalent in different areas of daily
life and scientific fields [1]. IVR is a computer-generated environment presented to the user through
the head-mounted display (HMD). In IVR, people have the “feeling of being” in the virtual environment
and interacting with the virtual agents (VAs) inside it [2-5]. The concept of "presence" describes this
quality of subjective experience in IVR [5-8]. The sense of presence is rooted in a paradoxical state of
consciousness: people, even though they know that what they see is not real, react as if it is. This
happens because what we perceive is always mediated by the sensorimotor system. Therefore, even if
we know that we are not really in the virtual environment and what we perceive is not real, we are
"deceived" by the sensorimotor contingencies afforded by the IVR system and we respond realistically
to it [5, 9]. One issue that is attracting the interest of researchers regards the extent to which we respond
realistically when interacting with virtual humans. The concept of 'social presence' refers to a
psychological state in which virtual humans are felt to be similar to real humans, similarly endowed
with a mind and with whom one can interact [10, 11]. Technological advances are making computersimulated agents increasingly similar in both appearance and behavior to real humans [12, 13].
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Although research has explored several factors that are associated with users’ perception of virtual
humans and social presence [14-17], little is known about the possible role of individual differences.
The IVR system allows the simulation of social interactions in such a way as to enable experimenters
to control the appearance and behavior of VAs and the environment in which they act, while providing
a high degree of ecological validity [2, 3, 18, 19]. Recent studies have shown that despite high-level
awareness of being in a fictional virtual environment, we tend to attribute a "human-like reality" to
artificial entities [1]. Iachini and colleagues [20, 3] have shown that virtual agents (VAs) are treated
differently from objects and similarly to real humans. Behavioral and physiological evidence has shown
that VAs displaying emotions cause emotional reactions that are reflected in different social distances
and psychophysiological reactions [4, 21, 22]. Moreover, some studies suggest that we prefer VAs
similar to our bodies and that we can form moral judgments about VAs and react to them by adjusting
social distances [23, 24]. In sum, if VAs have a sufficiently 'natural' anthropomorphic appearance, we
tend to attribute feelings and thoughts to them, as if we were identifying with them [11, 25, 26, 5]. In
other words, we attribute to VAs what Dennett called "derived intentionality" [27, 28], i.e., we attribute
human-like goals, desires and rationality to an artificial entity. Therefore, social interactions with VAs
can afford a sense of "being with another" person [29, 30]. Here, we aim to understand whether
individual differences in empathy can influence social interaction with virtual agents.
To this end, we designed a correlational study comparing individual propensity towards empathic
traits and the ability to take the perspective of a VA to understand whether and how they are associated.
In an Immersive Virtual Reality (IVR) scenario, participants had to locate a glass according to the
perspective of a VA. They were seated behind a circular virtual table around which, in various positions
closer and further away, a VA with a glass placed in front of him could appear. Participants had to
decide whether the glass was to the right or left of the VA’s body midline. The instruction then prompted
participants to put themselves in the VA’s shoes. Was this ability associated with the individual
propensity toward empathic traits? Answering this question could help us understand how individual
differences affect the propensity to identify with VAs, i.e. an important component of social presence.
To assess individual differences in empathy, participants underwent the Interpersonal Reactivity Index
(IRI) [32], before being immersed in the virtual scenario. We expected that the higher the empathic
propensity the faster the participants should be in locating the glass from the VA’s perspective.
Answering this question would have theoretical (i.e. the nature of our conscious experience in IVR) and
practical (i.e. how can we favor a purported interaction with VAs?) implications.

2. Method
2.1. Participants
Thirty-eight right-handed participants (12 males) aged between 20-37 years of age (Mage =
25.32; SD = 4.09), took part to the experiment in exchange of course credit. Participants had
normal/corrected-to-normal vision. Nobody claimed discomfort or vertigo during the IVR experience
and reported being aware of the experimental purpose. All participants gave their written consent to
take part in the study. The study was in conformity with the local Ethics Committee requirements and
the Declaration of Helsinki [32].

2.2.

Setting and apparatus

The experiment was carried out in the Laboratory of Cognitive Science and Immersive Virtual
Reality (CS-IVR, Dept. of Psychology, Univ. Vanvitelli). The IVR equipment was installed in a
rectangular room (5 m × 4 m × 3 m) and included the 3-D Vizard Virtual Reality Software Toolkit
(Development Edition 4.10; WorldViz LLC). Virtual stimuli were presented through a Sony HMZ-T1
(SONY, JAP) head-mounted display (HMD) with two OLED displays providing stereoscopic depth.
The stereoscopic images ran at 1280 × 720 resolution (per eye) and were refreshed at 60 Hz. The virtual
scenario spanned 45° horizontally and 51.6° diagonally. The IVR system allowed participants to
experience dynamic stereoscopic visual stimuli in a naturalistic way.

2.3.

Virtual scenario and virtual stimuli

The virtual stimuli consisted of a 3D room (3 m × 2.4 m × 3 m) displayed with green walls and grey
floor, containing a chair, a circular table and a glass on it (see Figure 1). The virtual stimuli were created
by means of the 3D modeling free software SketchUp (Trimble, https://www.sketchup.com) and were
imported into the Virtual Reality Software Toolkit (Worldviz LLC) and used in previous studies [33,
34]. A virtual young male adult VA was selected from a database of characters (Vizard Complete
Characters, WorldViz, USA). The choice to use only male VA is based on previous studies that
investigated the role of motor resources in peripersonal space with manipulable vs. non-manipulable
objects [33] and in shared vs. non-shared space with other avatars [34].

Figure 1: The figure shows the virtual agent in the five different positions according to the participant's
point of view: A) close on the left side; B) close on the right side; C) far on the left side; D) far on the
right side; E) far in front.

2.4.

The interpersonal reactivity index (IRI)

The IRI [32] measures on a 5-step Likert-type scale (from ‘‘never true’’ to ‘‘always true’’) various
facets of dispositional empathy through four subscales (7-items each): Perspective Taking, tendency to
adopt the psychological point of view of others (e.g., ‘‘I sometimes try to understand my friends better
by imagining how things look from their perspective’’); Fantasy, tendency to identify with a fictional
character (e.g., ‘‘After seeing a play or movie, I have felt as though I was one of the characters’’);
Empathic Concern, tendency to experience feelings of sympathy and compassion for unfortunate others
(e.g., ‘‘I often have tender, concerned feelings for people less fortunate than me’’); Personal Distress,
tendency to experience discomfort in distress situations (e.g., ‘‘Being in a tense emotional situation
scares me’’).

3. Procedure
After completing the IRI scale, participants were instructed about the task, invited to sit on a
comfortable chair, to wear the HMD, to rest their head on a chinrest, and to put their left hand on a
mouse. Before starting the experimental session, participants underwent a training session aimed at
clarifying the entire procedure and making them familiar with the IVR devices. If everything was clear,
the experimental session started. In the virtual room, the participant saw the circular table, the VAs and
the glass in front of them (see Figure 1). Sitting in the virtual chair was simulated with the participant
actually sitting in a chair in the laboratory. The VAs could appear in five positions in relation to the
participants: 40 cm away on their left or right side, 150 cm away on their left or right side or in front of
them. The glass always appeared close to the VAs, 20 cm from them. The glass could appear on the
right or left side in relation to the midline of the VA’s body-midline at four different distances on each
side: 4 mm, 8 mm, 12 mm or 16 mm, as already used in previous studies [33, 34]. Participants had to
judge whether the glass appeared to the right or left of the VA’s body (left/right localization judgement).
The glass could appear in eight right/left positions, each repeated twice (total = 80trials).
Each trial started with a gray fixation cross. Participants had to fixate the cross (100 ms), followed
by a blank screen (1000 ms) and then stimuli were presented (300 ms). Once the stimulus disappeared,
they had to locate the position of the glass by pressing the corresponding right or left mouse button.
The participants were instructed to respond as accurately and quickly as possible. Response time (ms)
of correct responses (RTs) measured the performance. The overall accuracy of the performance was
quite high (91%). At the end of the experimental session, participants were asked to report whether they
encountered difficulties in the task, whether the stimuli were easily discriminable and whether or not
they could touch the glass and the VA (on the use of verbal reports to assess the perceptual experience
in IVR see [35]). Participants reported that they did not encounter any difficulties in the task, that VAs
and glass were easily discriminable and reachable in nearby space and were easily discriminable but
unreachable when they were far away.

4. Results
Mean RTs of correct responses for each of the five VAs’ positions around the table were calculated.
Pearson’s correlation analysis was performed between these mean RTs and the means of the four IRI
sub-scales. A negative correlation between the subscale Fantasy and RTs emerged: the more the
participants reported a tendency to identify with fictious characters (Fantasy), the faster they were in
locating the glass in all VAs’ positions around the table (see Table 1). In addition, the more participants
rated themselves as being empathic with other people (Empathic Concern), they located faster the glass
but only when the VA was near to them (see Table 1). The Perspective Taking and Personal Distress
sub-scales showed no significant correlation with the RTs.
Table 1.
Correlation between the IRI subscales and mean localization times (ms) for spatial judgments provided
for the five VA positions (N=38).
Near - Left

Near - Right

Far - Left

Far - Right

Front - Far

Fantasy

-.394*

-.477*

-.503*

-.333*

-.405*

Empathic concern

-.375*

-.526*

-.232

-.164

-.154

Perspective
taking

-.255

-.247

-.138

-.212

-.142

Personal distress

-.187

-.223

-.183

-.133

-.220

*FDR-corrected p value. Asterisks indicate a significant value (at least p < .05).

5. Discussion
The presence of VAs in IVR environments increases user engagement and the realism of the virtual
experience and facilitates interaction [16]. The present study aimed to explore the relationship between
individual differences and social interaction with virtual agents by assessing whether individual
propensity towards empathic traits is associated with the ability to assume the perspective of a VA.
Participants were seated behind a circular virtual table around which VAs with a glass in front of them
could appear in various near and far positions.
The results confirmed the hypothesis that the ability to assume the point of view of a VA is associated
with specific individual empathic traits. Indeed, a negative correlation between the tendency to identify
with a fictional character (Fantasy) and RTs emerged: the higher this tendency the faster participants
were to locate the glass in relation to VAs appearing in all near and far positions around the table. This
is not surprising since the virtual scenario and the characters acting in it can be seen as a kind of
theatrical medium [36]. Clearly, the user is at the center of the experience in virtual interaction, unlike
in theatre or cinema. However, our results suggest that alongside the credibility and technological
quality of the virtual simulation, our general propensity to identify with the fictional characters also
plays a role in the "social presence" in IVR.
Moreover, a negative correlation was found between the tendency to experience feelings of empathy
(Empathic Concern) and the time to locate the glass but only when the VA was close to the observer,
not far: the higher this tendency the faster participants were to locate the glass in relation to near VAs.
This finding can be interpreted by considering literature showing that the space near our body reflects
the degree of intimacy or comfort we feel with other people [37-39], and that the capacity to quickly
encoding stimuli close to us would facilitate appropriate approaching or defensive reactions [23, 34,
40]. In other words, the space near our body is connoted by the emotions aroused by other people and
can therefore be linked to the feelings of closeness, sympathy or concern that we tend to have for others.
By contrast, the tendency to adopt the psychological viewpoint of others (Perspective Taking) and the
tendency to experience discomfort in dangerous situations (Personal Distress) showed no significant
association with the time to locate the glass from the Vas’ perspective. However, the current study
presents limitations and further studies are needed to understand, for example, why specific empathy
components are associated to social experience with VAs and if the effect of the gender of the VAs may
influence participants' subjective tendencies.
In sum, individual differences play a crucial role in interactions with VAs. Therefore, if we want to
enhance the engagement and efficacy of virtual social interactions, we need to take them into account
and pay attention to where VAs appear in the virtual environment.
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