
Received: 29 April 2021 Accepted: 6 May 2021

DOI: 10.1002/cav.2009

S P E C I A L I S S U E PA P E R

Toward understanding embodied human-virtual character
interaction through virtual and tactile hugging

Dixuan Cui1 Dominic Kao2 Christos Mousas1

1Department of Computer Graphics
Technology, Purdue University, West
Lafayette, Indiana, USA
2Department of Computer and
Information Technology, Purdue
University, West Lafayette, Indiana, USA

Correspondence
Christos Mousas, Department of
Computer Graphics Technology, Purdue
University, West Lafayette, IN 47907, USA.
Email: cmousas@purdue.edu

Abstract
This between-group study investigated participants’ experiences of tactile feed-
back patterns when asked to hug a virtual character. Five experimental con-
ditions were developed, one with no tactile feedback and four with tactile
feedback. The participants were placed in a virtual city and informed they would
be meeting a virtual friend, who they were instructed to hug once the charac-
ter came close to them. During the virtual hug, one of the five experimental
conditions was examined. Immediately after the hug, participants were asked
to complete a questionnaire to capture their experiences. The results obtained
from this study indicated that: (1) even if the tactile feedback is not considered
to be highly accurate in terms of timing, duration, and position, as long as it is
perceived as less persistent, it provides a more positive experience; (2) the per-
ceived realism of the virtual hug is strongly correlated with the perceived realism
of the tactile feedback; and (3) the female participants had a more intense inter-
action with the virtual character (friend) compared with the male participants.
Limitations and future study directions are discussed.
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1 INTRODUCTION

In real-world interaction scenarios between humans, it is common to observe people interacting with each other through
physical contact, which is among the most important ways of establishing and maintaining social interaction.1 Physical
contact with another person is considered a common gesture of affection,2 and a person’s willingness to touch or be
touched by another person implies an element of trust.3 In addition to human communication obtained through such
interaction, a variety of information can be elicited by other types of signals,4 such as emotional expressions.5 According to
prior studies, touching and hugging are considered one of the most emotionally loaded types of physical contact between
humans, since they elicit warmth, love, and affiliation.2,4,5

Although virtual reality interaction relies heavily on vision and hearing,2 to simulate a more realistic interaction,
physical embodiment must also be considered. Thus, various haptic and tactile interfaces (e.g., vest and suits) have been
developed to provide pseudo-physical embodiment. These interfaces help to make the interaction in virtual environments
more realistic,6,7 and thus make the close contact interaction (e.g., touching and hugging) with virtual characters become
more convincing.

Previous virtual reality studies have shown8,9 that tactile devices positively affect the experiences of humans when
the provided feedback relates to the task.10 However, it is not yet known how people perceive and react to different tactile
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F I G U R E 1 A participant hugging a virtual character while wearing the required equipment (head-mounted display and tactile vest)
and the first-person view that is projected onto the head-mounted display (left), a third person view of the virtual environment and hugging
(middle), and close-up view of the virtual hugging (right)

feedback patterns while hugging a virtual character. Thus, this study explores the effects of different tactile feedback pat-
terns (no tactile, random tactile, fixed tactile, discrete tactile, and collision-based tactile) when participants are placed in
a virtual city and instructed to perform a social interaction task—to hug a virtual character. Understanding the experi-
ences of people while hugging a virtual character in the presence of tactile feedback could help virtual reality developers
create immersive experiences in which people in the presence of tactile feedback can socialize and interact with vir-
tual characters more effectively. Figure 1 depicts a participant hugging a virtual character while wearing the necessary
equipment.

Considering the importance of tactile feedback during hugging with a virtual character, we attempt to answer the
following research questions:

• RQ1: How do the different tactile feedback patterns affect the virtual hugging?
• RQ2: How do participants perceive the different tactile feedback patterns?
• RQ3: How do the different tactile feedback patterns affect the interactions with the virtual character?
• RQ4: Do the tactile feedback patterns affect the participants’ self-perception (presence and embodiment) in the virtual

environment?
• RQ5: How do the different tactile feedback patterns affect the male and female participants across the experimental

conditions?

The remainder of this article is organized as follows. Section 2 presents related studies, and Section 3gives the method-
ology and implementation details. The results are presented in Section 4 and discussed in Section 5. Section 6 describes
the limitations of our study, and Section 7 addresses the conclusions and potential for future research.

2 RELATED WORK

Tactile and haptic feedback has been a topic of research in the scientific community from two perspectives. Some
researchers have focused on the development of new tactile devices11,12 in the field of robotics, particularly the use of
telemanipulation13 or remote touch.14 Other researchers have focused on human factors and have attempted to under-
stand how people perceive the provided feedback in various interaction paradigms based on custom-made or commercial
tactile devices.15

Considering that vibrotactile devices are easily accessible and relatively easy to manufacture, several research groups
have focused on the development of tactile devices.16,17 The development of vibrotactile feedback has been explored
to convey spatial18 or contextual19 information, and several tactile devices20 and platforms21 have proved to be quite
useful in virtual reality interaction. The survey/review papers from Pacchierotti et al.,22 Perret and Vander Poorten,23

Benali-Khoudja et al.,24 and Lécuyer25 have summarized most of the trends in research concerning tactile feedback.
This study uses vibrotactile feedback devices to induce the hugging sensation in the participants. Vibrotactile feedback

devices have been extensively used in various virtual reality studies.19,26 Tactile feedback, which is achieved by involv-
ing more senses through providing additional stimuli,10 is responsible for enhancing the interaction realism in a virtual
environment.12,27,28 Tactile feedback has also been used to improve users’ performance in virtual environments.10 How-
ever, such findings mainly apply when the provided stimuli correlate with the performed activity.10 Other studies have
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explored the effects of tactile feedback patterns of humans’ perceptions in virtual environments.29,30 These studies have
found that the haptic feedback patterns can be used to induce information to humans31 and that when the tactile feedback
pattern expresses the interaction in the virtual environment appropriately, such tactile feedback enhances the realism
of tactile interaction,27 especially when compared with illogical or inaccurate tactile feedback.29 Moreover, in terms of
self-perception in the virtual environment, it has been stated that haptic feedback enhances both the sense of presence32

and embodiment,33 but it also impacts the emotional state of the participants.34

Although a few studies have already been conducted that involve hugging robots,35,36 which are a form of tactile hugs,
to the best of our knowledge, this study is the first to investigate immersive tactile hugs with virtual characters. “The
Hug” interface was introduced by DiSalvo et al.8 to allow remotely connected people to communicate. The shape of this
interface (a koala pillow puppet) mimics that of a child wrapping its arms and legs around an adult, and the temperature
of the koala pillow puppet rises once users have been hugging it for a while. The pillow lights up/glows and plays a melody
to notify a user they are being sent a hug and vibrates in a pattern to match before warming up. The Hug Shirt1 is another
interface that allows remote hugging by sending a hug-like sensation over distances. In this interface, users wear a shirt
with embedded actuators and sensors. However, these interfaces have various disadvantages. First, as they are incapable
of reproducing the natural hug sensation, the provided experience cannot be considered emotionally loaded.9 Second,
these interfaces do not provide visual feedback to their users. Therefore, the simulated hugs do not match real-life hugs
that include visual and physical feedback.

The HaptiHug4 interface attempts to overcome this issue by integrating tactile hugs into virtual hugs performed in
Second Life2(an online virtual social network). The implemented social pseudo-haptic feedback of HaptiHug increased
the hugging immersion and the hugging sensation. However, even though this interface is able to create some sensations
in the participants, it is not yet known how the participants perceive and react to different tactile feedback conditions
during a virtual reality hug in which they are responsible for performing the hugging action by controlling their body in
an immersive virtual reality setup, rather than controlling the hug through a keyboard.

We used a commercially available tactile vest in our experimental study to create the hugging sensation for our par-
ticipants. These vests have been used in various studies investigating interactions with virtual characters,29,37 training,38

medicine,39 rehabilitation,40 and serious games.41 However, it is not yet known whether these vests could induce the
hugging sensation. Therefore, this study explores how the participants’ experiences are affected while hugging a virtual
character in the presence of tactile feedback. Based on the functionalities of the tactile vest, we considered multiple tactile
feedback conditions and explored several concepts related to the participants’ experiences during a virtual hug with a vir-
tual character. Because the provided tactile feedback is related to the virtual reality experience, we investigate the patterns
of the tactile feedback while hugging a virtual character to understand and further improve the realism of the interaction.
During our literature research, we found several papers4,8,9 referring to how the hugging sensation is transmitted through
tactile feedback. However, we were unable to find related work that investigates the impact of tactile feedback patterns
while the user is instructed to hug a virtual character. Thus, we consider our main contribution to be the investigation of
how immersive hugging in the presence of different tactile feedback patterns is experienced by our participants.

3 MATERIALS AND METHODS

This section presents the methodology and details of this study.

3.1 Participants

The participants were recruited in multiple ways: e-mails were sent to undergraduate and graduate students, posters
were placed on various notice boards on campus, and in-class announcements were also made. Seventy-five students
participated voluntarily, and no compensation was given for participating. All volunteers were asked to review and sign a
consent form that was approved by the Institutional Review Board of Purdue University. The study group consisted of 25
female students (M = 23.33, SD= 2.24) and 50 male students (M = 22.62, SD= 2.40). The majority of our participants (79%)
reported having prior virtual reality experience. The participants were divided into five groups randomly while ensuring
that each group consisted of the same number of male and female participants (10 males and five females per group).

1https://cutecircuit.com/the-hug-shirt/
2https://secondlife.com/
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F I G U R E 2 The virtual city in which the participants were immersed while waiting for their virtual friend at the meeting location

F I G U R E 3 The participant’s point of view of the virtual environment (left and middle) and the virtual friend that approaches the
participant (right)

3.2 Virtual reality scenario and application

We developed a virtual reality scenario in which the virtual hug would occur. Figure 2 shows the virtual environment and
the developed scenario. In our scenario, the user was immersed in a virtual city and placed on a pavement outside a bistro.
Because the interaction with the virtual characters was designed to be performed in an outdoor virtual environment,
afternoon sunlight was added to light the scene. Audio effects were used to enhance the realism of being on a sidewalk
outside the bistro. Virtual pedestrians were scripted to walk on the sidewalk. In this scenario, the participant is waiting
for his friend, as they had arranged to meet.

After waiting for a few minutes, a virtual friend approaches the self-avatar of the participant and says, “Hey, I’m
sorry I’m late.” Then, the virtual friend extends his arms to invite the participant to hug the character (see Figure 3). We
implemented this action to ensure that the participants recognized the virtual friend they were supposed to hug. The
hugging action of the participants was used to indicate that the participant understood the situation and to indicate to
the virtual friend that they were not irritated by the short delay. During the hug, one of the five experimental conditions
(see Section 3.3) was generated depending on the group to which each participant was assigned.

For the virtual city, the Amazon Lumberyard Bistro3three-dimensional model provided under the Creative Commons
CC-BY 4.0 license was used. The virtual characters were designed in Adobe Fuse, rigged in Mixamo, and animated with
motion sequences that were downloaded from the Unity Asset Store. The Unity Mecanim animation engine was used
to animate all virtual characters. A neutral idle motion was assigned to the virtual friend during the hug. To enhance
the realism of the virtual character, we also added facial animations (lip and eye motion) using the SALSA LipSync suite
found in the Unity Asset Store.

The application used for this study was developed in the Unity game engine (version 2019.1.4). A Dell Alienware
Aurora R7 desktop computer (Intel Core i7 CPU, 32 GB Memory, NVIDIA GeForce RTX 2080) was used to run the appli-
cation, an HTC Vive Pro head-mounted display was used to project the virtual reality content, a Kinect for Xbox One
tracking device was used to retarget the motion of participants to the self-avatar to allow the participant to hug the virtual
character using their own body, and a bHaptics4tactile vest, which consists of 40 actuators attached all over the vest, was
used to deliver the hugging sensation to the participants through the developed tactile feedback patterns.

3.3 Conditions

We developed five experimental conditions, one without and four with tactile feedback, to determine how different
tactile feedback patterns affect the experiences of the participants while hugging a virtual character. Each participant

3https://developer.nvidia.com/orca/amazon-lumberyard-bistro
4https://bhaptics.com
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experienced only one condition (according to our between-group design). For this study, the following experimental
conditions were examined:

• No tactile feedback (NT): This is our baseline condition, in which the participants received NT feedback. However, the
participants assigned to this group were instructed to wear a tactile vest. With this condition, we aim to understand
how most of the people would experience a virtual hug from their home virtual reality setup, since most virtual reality
users most likely do not have access to a tactile vest.

• Random tactile feedback (RT): In this condition, the participants were exposed to a randomly activated tactile feedback
pattern. A preprocessing stage took place to randomly assign to each actuator (tactor) a random timestep t = [0, 4] (t
is in seconds) that would be activated. Moreover, each actuator was set to remain active and provide tactile feedback
to the participants for 1 s. This randomization process was run only once, and the output configurations for the RT
feedback pattern were stored. Thus, it was possible for all participants to experience the same RT feedback condition.
t = 0 is defined as the time step of the contact between the character that represents the participant (self-avatar) and
the opposite character (friend) to be hugged. This condition was used to explore how an inaccurate tactile feedback
pattern that is randomly activated could affect the participants’ responses.

• Fixed tactile feedback (FT): This fixed (continuous) tactile feedback pattern set the actuators to remain active through-
out the duration of the hug. Specifically, all actuators were activated once a collision (contact) between the two bodies
occurred and deactivated when there was no further collision between them. This condition was used to investigate
whether persistent tactile feedback could affect the participants’ responses.

• Discrete tactile feedback (DT): In this condition, the participants experienced DT feedback. Specifically, once a collision
between the two bodies was detected, all actuators of the tactile vest were activated for 1 s. This condition was used to
investigate how a less persistent tactile feedback pattern could affect the participants’ responses.

• Collision-based tactile feedback (CT): The participants sense the tactile feedback once a collision (contact) between the
upper-body part of the self-avatar and the opposite character (virtual friend) occurred. Note that since there are 40
actuators attached to the vest, 40 colliders were placed on the body of the self-avatar in the positions of the actuators.
Each collider was then responsible for activating its corresponding actuator. Thus, during the collision, the actuator
of the tactile vest assigned to the collided body part was activated. This condition was used to understand how a more
accurate tactile feedback pattern could affect the participants’ responses.

3.4 Questionnaire

For this study, we collected subjective ratings (questionnaire responses) to investigate the effects of the tactile feedback
patterns on participants’ experiences in the virtual environment. The questionnaire, which included 18 items, combined
parts of multiple questionnaires: interaction realism,42 emotional reactivity,43 emotional contagion,44 body ownership,45

and presence.46 The authors were responsible for developing and adding the question regarding the body sensation of the
virtual character to the questionnaire. The questions were altered to fit the scope of our experimental study. The partici-
pants were asked to answer this questionnaire in a computer-based environment right after the virtual hug was completed.
A designated area was also provided for participants to leave comments or concerns about the study. Table 1 shows the
questionnaire. Note that we did not ask questions regarding tactile feedback (Q5–Q8) to those who were assigned to the
NT condition. This is a common practice in experimental studies since people get confused by answering questions that
do not relate to the provided stimulus.

3.5 Procedure

The experimental study was conducted in the virtual reality lab of our department. Since it was stated in the advertise-
ment flier, the participants were aware before coming to the study they would have to hug an avatar. After informing
the participants about the project, the equipment, and the task they were asked to perform while immersed in the vir-
tual environment (to perform the hugging action once the friend character approached them and extended his arms), the
experimenter asked the participants to sign the consent form if they agreed to participate to our study and then complete
the demographic questionnaire. Then, the experimenter asked the participants to wear the necessary equipment (tac-
tile vest and head-mounted display) and to stand in a particular location in the lab space in front of the Kinect for Xbox
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T A B L E 1 The questionnaire that was developed and used for this study

# Question Anchors of the scale

Realism of the virtual hug (virtual hugging)

Q1 I felt that the virtual hug was a real one. 1 = not real at all, 7 = totally real

Q2 I felt that I was hugging a real person 1 = not at all, 7 = totally

Emotional reactivity to the virtual hug (virtual hugging)

Q3 I felt calm during the virtual hug. 1 = not calm at all, 7 = totally calm

Q4 I felt comfortable during the virtual hug. 1 = not comfortable at all, 7 = totally comfortable

Realism of the tactile feedback (tactile feedback)

Q5 How realistic was the tactile feedback? 1 = not realistic at all, 7 = totally realistic

Q6 How accurate was the tactile feedback? 1 = not accurate at all, 7 = totally accurate

Emotional reactivity to the tactile feedback (tactile feedback)

Q7 Was the tactile feedback pleasant? 1 = not pleasant at all, 7 = totally pleasant

Q8 Was the tactile feedback comfortable? 1 = not comfortable at all, 7 = totally comfortable

Emotional reactivity to the virtual character (virtual character)

Q9 I felt comfortable hugging the virtual character. 1 = not comfortable at all, 7 = totally comfortable

Q10 I felt ease hugging the virtual character. 1 = not ease at all, 7 = totally ease

Emotional contagion to the virtual character (virtual character)

Q11 I was influenced by the virtual character. 1 = not at all, 7 = totally

Q12 The virtual character affected my mood. 1 = not at all, 7 = totally

Body sensation of the virtual character (virtual character)

Q13 I felt that the virtual body I hugged was a real body. 1 = not at all, 7 = totally

Q14 I felt that the virtual body I hugged belonged to a real person. 1 = not at all, 7 = totally

Body ownership (self-perception)

Q15 How strong was the feeling that the body you saw was your own? 1 = not strong at all, 7 = totally strong

Q16 How much did you feel that you were looking at your own body? 1 = not at all, 7 = totally

Presence (self-perception)

Q17 Please rate your sense of being in the virtual environment. 1 = not at all, 7 = totally

Q18 To what extent were there times during the experience when
the virtual environment felt realistic to you?

1 = feeling completely in the real world, 7 =
feeling completely in the virtual environment

One tracking device. The experimenter assigned a male or female self-avatar to the participant based on the demographic
information provided by each participant (see Figure 4). The self-avatars (male and female) assigned to the participant as
well as the virtual friend were the same for all participants. We decided not to change the skin tone, clothes, and size of
the self-avatar and virtual friend because we considered these to be critical to standardizing the experimental conditions.
Moreover, the gender of the virtual friend was kept to be male for all participants for all conditions for the same reason.

The participants were told that as they waited for their virtual friend, they were allowed to observe the virtual envi-
ronment and move their hands and feet to get a sense of their body, but they were not allowed to walk around the virtual
environment except for a small step, if necessary, when approaching their virtual friend. Before commencing the exper-
iment, the experimenter asked the participants whether they felt comfortable wearing the equipment and if they were
ready to begin. Once the participants indicated that they were ready, the virtual reality scene started. The virtual real-
ity condition to which each participant would be exposed was not mentioned. The participants were informed that the
experimenter would let them know once the virtual reality scenario was completed.

While the virtual reality application was running, the participants saw numerous virtual characters walking on the
sidewalk. However, only one character was scripted to approach the user in the virtual environment. The participants
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F I G U R E 4 The male and female self-avatars that the
participants embodied

were told that the hug interaction would be performed only once and were asked to hug the virtual character for at least
5 s. All participants wore the tactile vest, but none were aware of the tactile condition that was to be generated. In addition,
the participants were told that there was no imposed time limit for the duration of hugging the virtual character and that
it was up to them to decide how much more than the 5 s they would hug the virtual character.

Once the virtual hug was completed, the experimenter stopped the virtual reality application and helped the partici-
pant remove the headset and the tactile vest. Subsequently, the participant was asked to complete the questionnaire. Many
participants had questions about the study, which we answered only once they had finished the questionnaire segment.
The total duration of the virtual reality experience did not exceed 5 min per participant. The last minute of this period
was the period during which the virtual character approached the participant and the participant hugged the character.
In total, each participant spent a maximum of 30 min in the lab in which the experiment was conducted. None of the
participants left before finishing the experiment.

4 RESULTS

We compared the self-reported ratings across the examined conditions to explore the participants’ experiences of the
tactile hugging. A one-way analysis of variance (ANOVA) was used to analyze the obtained data, using the experi-
mental conditions as independent variables and the self-reported ratings as dependent variables. In addition, two-way
ANOVAs (Condition×Gender) were used to examine gender differences. Finally, all examined variables were screened
for correlations using the Pearson product-moment correlation coefficient.

The normality assumption of the self-reported ratings was evaluated graphically using Q-Q plots of the residuals. The
Q-Q plots indicated that the obtained data fulfilled the normality criteria. Statistically significant results were assessed
using Bonferroni post hoc pairwise differences. A p-value <.05 was considered statistically significant. Table 2 provides
the descriptive statistics for the self-reported ratings.

4.1 Virtual hug

Statistically significant results in the realism of the virtual hug were found [F(4, 70)= 2.931, p< .05]. Pairwise comparisons
show that the mean rating of the FT condition was significantly lower than for the CT condition (p< .05). The results also
revealed statistically significant differences in the emotional reactivity to the virtual hug[F(4, 70)= 3.476, p< .05]. Pairwise
comparisons show that the mean rating of the FT condition was significantly lower than those of the NT condition (p< .05)
and the CT condition (p< .05).

4.2 Tactile feedback

Statistically significant results were revealed in the realism of the tactile feedback[F(3, 56)= 6.929, p< .001]. Pairwise com-
parisons show that the mean rating of the FT condition was significantly lower than those of the RT condition (p< .05),
the DT condition (p< .01), and the CT condition (p< .001). Regarding the emotional reactivity to the tactile feedback, we
found statistically significant differences across the four conditions [F(3, 56)= 15.240, p< .001]. Specifically, the mean
rating of the FT condition was found to be significantly lower than those of the RT condition (p< .05), the DT condition
(p< .001), and the CT condition (p< .001). In addition, the mean rating of the RT condition was significantly lower than
that of the CT condition (p< .01).
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Condition M SD Min Max Pattern of differences

Realism of the virtual hug

NT 3.76 1.08 2.00 6.00 FT<CT

RT 3.93 .94 2.50 5.50

FT 2.97 1.02 1.00 4.50

DT 4.13 1.43 2.00 6.50

CT 4.26 1.22 2.00 6.00

Emotional reactivity to the virtual hug

NT 4.53 1.59 2.00 7.00 FT<(NT=CT)

RT 3.80 1.46 1.00 6.00

FT 2.96 .71 2.00 4.00

DT 3.46 1.52 1.50 6.00

CT 4.40 1.27 2.50 6.50

Realism of the tactile feedback

RT 3.76 .90 2.00 5.00 FT<(RT=DT=CT)

FT 2.57 1.11 1.00 4.50

DT 4.07 1.43 1.50 6.50

CT 4.43 1.23 2.50 6.50

Emotional reactivity to the tactile feedback

RT 3.53 1.24 1.50 5.00 FT<(RT, DT, CT)

FT 2.07 .86 1.00 3.50 RT<CT

DT 4.13 1.43 2.00 6.50

CT 5.03 1.32 3.50 7.00

Emotional reactivity to the virtual character

NT 3.90 1.36 1.00 6.00 NT=RT=FT=DT=CT

RT 4.13 1.44 1.50 6.00

FT 5.16 1.21 3.00 7.00

DT 4.30 1.36 1.50 6.00

CT 3.80 1.38 1.50 6.50

Emotional contagion to the virtual character

NT 3.13 1.36 1.00 5.00 NT=RT=FT=DT=CT

RT 3.56 1.08 1.50 5.00

FT 3.23 1.67 1.00 6.50

DT 3.63 1.40 1.50 6.00

CT 3.16 1.12 1.50 5.00

Body sensation of the virtual character

NT 2.50 1.14 1.00 4.50 NT=RT=FT=DT=CT

RT 3.33 1.37 1.50 5.50

FT 3.03 1.58 1.00 6.50

DT 3.07 1.13 1.50 5.00

CT 3.23 1.16 1.50 5.50

(Continues)

T A B L E 2 Descriptive statistics (Mean
[M], standard deviation [SD], minimum
[Min], and maximum [Max] value) across
the experimental conditions for each
self-reported rating and patterns of
differences
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T A B L E 2 (Continued) Condition M SD Min Max Pattern of differences

Body ownership

NT 2.33 1.02 1.00 4.00 NT<CT

RT 3.53 1.42 1.50 5.50

FT 2.93 1.38 1.00 6.50

DT 3.37 1.26 1.50 5.50

CT 3.73 1.01 2.00 5.50

Presence

NT 3.03 1.45 1.00 6.00 NT=RT=FT=DT=CT

RT 3.30 1.19 1.00 5.00

FT 3.83 1.63 1.00 7.00

DT 3.73 1.39 1.50 6.50

CT 3.80 1.62 1.00 7.00

Abbreviations: CT, collision-based tactile; DT, discrete tactile; FT, fixed tactile; NT, no tactile; RT,
random tactile.

4.3 Virtual character interaction

The results did not show statistically significant differences regarding the emotional reactivity to the virtual character
[F(4, 70)= 2.404, p= .058]. Moreover, no statistically significant differences were found for the emotional contagion to
the virtual character [F(4, 70)= .455, p= .768] or the body sensation of the virtual character [F(4, 70)= .933, p= .450].

4.4 Self-perception

Statistically significant results regarding body ownership were found [F(4, 70)= 3.060, p< .05]. Pairwise comparisons
show that the mean rating of the NT condition was significantly lower than that of the CT condition (p< .05). However,
no significant results were found regarding presence[F(4, 70)= .877, p= .482] across the five experimental conditions.

4.5 Gender differences

We investigated the gender effect on the experimental conditions (Gender×Condition) for all the different concepts exam-
ined in this article. There was neither a statistically significant interaction effect [F(4, 65)= .911, p= .463] nor a statistically
significant main effect on Gender [F(1, 65)= .804, p= .373] when exploring the realism of the virtual hug. For the emotional
reactivity to the virtual hug, there was neither a statistically significant interaction effect [F(4, 65)= 1.179, p= .281] nor a
statistically significant main effect on Gender [F(1, 65)= 1.373, p= .245]. Similarly, no statistically significant interaction
effect [F(3, 52)= .833, p= .482] or main effect for Gender [F(1, 52)= 2.882, p= .096] was found on the realism of the tactile
feedback. No statistically significant interaction effect [F(3, 52)= .183, p= .907] or main effect for Gender [F(1, 52)= .058,
p= .811] was found on the emotional reactivity to the tactile feedback. Finally the emotional reactivity to the virtual char-
acter did not reveal a statistically significant interaction effect [F(4, 65)= .149, p= .963], and no main effect for Gender
[F(1, 65)= 3.930, p= .052] was found between males and females.

In terms of emotional contagion to the virtual character, we were unable to find a statistically significant interaction
effect [F(4, 65)= 1.695, p= .162]; however, a statistically significant main effect was obtained for Gender [F(1, 65)= 4.584,
p< .05]. Post hoc comparison using Bonferroni corrected estimates showed that the emotional contagion of females was
higher (M = 4.12, SD= .35) than that of male participants (M = 3.26, SD= .19).

The body sensation of the virtual character did not reveal a statistically significant interaction effect [F(4, 65)= 2.176,
p= .081]; however, it did reveal a statistically significant main effect for Gender [F(1, 65)= 4.347, p< .05]. Post hoc
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T A B L E 3 Summary of bivariate Pearson product-moment correlation coefficient for all examined
subjective ratings

(1) (2) (3) (4) (5) (6) (7) (8)

(1) Realism of the virtual hug

(2) Emotional reactivity to the virtual hug .208

(3) Realism of the tactile feedback .735a .260b

(4) Emotional reactivity to the tactile feedback .703a .284b .798a

(5) Emotional reactivity to the virtual character −.092 −.067 −.039 −.116

(6) Emotional contagion to the virtual character .043 .029 .280b .035 .287b

(7) Body sensation of the virtual character .008 .147 .201 .119 .176 .473a

(8) Body ownership .037 .106 −.045 .108 −.310a −.236b −.112

(9) Presence .031 −.238b .133 −.025 .051 .083 −.129 .168

aCorrelation is significant at the .01 level (two-tailed).
bCorrelation is significant at the .05 level (two-tailed).

comparison using Bonferroni corrected estimates showed that the body sensation of the virtual character was higher for
female participants (M = 3.84, SD= .32) than for male participants (M = 3.07, SD= .18).

In terms of body ownership, we found neither an interaction effect [F(4, 65)= 1.178, p= .329] nor a main effect for
Gender [F(1, 65)= 1.186, p= .668]. Similar results were found when examining participants’ presence. Specifically, we
found no interaction effect [F(4, 65)= 1.193, p= .322] and no main effect for Gender [F(1, 65)= 1.317, p= .255].

4.6 Correlations

We conducted a correlation analysis to understand the correlations between the examined variables. Table 3 summarizes
the bivariate Pearson correlation coefficients for all examined variables.

We found a strong positive correlation between the realism of the tactile feedback and the realism of the virtual hug
[r = .735, n= 60, p< .001] and a weak positive correlation between the realism of the tactile feedback and the emotional
reactivity to the virtual hug [r = .735, n= 60, p< .05]. A strong positive correlation was found between the emotional reac-
tivity to the tactile feedback and the realism of the virtual hug [r = .703, n= 60, p< .001], a weak positive correlation was
found between the emotional reactivity to the tactile feedback and the emotional reactivity to the virtual hug [r = .284, n= 60,
p< .05], and a strong positive correlation was found between the emotional reactivity to the tactile feedback and the realism
of the tactile feedback [r = .789, n= 60, p< .001].

Weak positive correlations were found between the emotional contagion to the virtual character and the realism of
the tactile feedback [r = .280, n= 75, p< .05], and between emotional contagion to the virtual character and the emotional
reactivity to the virtual character[r = .287, n= 75, p< .05]. A moderate positive correlation was found between the body
sensation of the virtual character and the realism of the tactile feedback [r = .473, n= 75, p< .001]. A moderate negative
correlation was found between body ownership and emotional reactivity to the virtual character[r =−.310, n= 75, p< .01],
and a weak negative correlation was observed between body ownership and the emotional contagion to the virtual character
[r =−.236, n= 75, p< .05]. Finally, a weak negative correlation was found between presence and emotional reactivity to
the virtual hug [r =−.238, n= 75, p< .05].

5 DISCUSSION

We examined whether the participants’ experiences while hugging a virtual character exhibited changes across the exper-
imental conditions (RQ1). The results indicated that the FT feedback negatively affected the realism of the virtual hug
and the emotional reactivity to the virtual hug. However, when the tactile feedback was generated only on the body parts
that collided with the virtual character’s body, the virtual hug seemed more realistic and had less impact on the emotional
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reactions of the participants. These results suggest that persistent tactile feedback patterns distracted our participants,
and this distraction impacted the way they experienced the virtual hug.

Differences were found when examining the tactile feedback across the experimental conditions (RQ2). The partici-
pants in the FT feedback condition rated their experiences lower, indicating that a persistent tactile feedback negatively
affected this participant group. The results from the correlation analyses suggest that the realism and accuracy of the
tactile feedback have an impact on the emotional reactivity of the participants. As the tactile feedback becomes more real-
istic and less persistent, the participants become more receptive, since less persistent tactile feedback is considered more
comfortable,47 and this comfort can impact the emotional states of participants in a positive way.5,34 The participants’
sensitivity to tactile feedback indicates that, even if the tactile feedback is not considered to be highly accurate in terms of
timing, duration, and position, as long as it is perceived as less persistent, it affects participants’ reactions in a positive way.

Our results indicated that the tactile feedback patterns did not influence the interaction with the virtual character
(RQ3). No sufficient evidence was found across the tactile feedback conditions, indicating that the participants were able
to distinguish the visual and haptic modality of the experiment, regardless of the experimental condition to which the
participants were exposed. The results of the correlation analyses indicate that the participants were able to distinguish
that the tactile feedback affected their emotional state47 and not their direct interaction with the virtual characters. The
participants were aware that the interaction with the virtual character was not real,48 and this affected the way they per-
ceived the interaction between the tactile feedback and the virtual character. This means that our participants were able
to distinguish between real-world interaction and sensation, especially hugs, perhaps either because they are considered
to be emotionally loaded activities2,9,20 or due to the fact that presence ratings were generally low, which, in turn, did not
make the experience emotionally loaded enough for them to react realistically. Finally, another interpretation could be
that the hug was an initiated activity by the experimenter rather than that being initiated by the participant or the other
virtual character, which could render it less believable in this context.

In terms of self-perception in the virtual environment (RQ4), the results indicate that the missing tactile feedback made
our participants think that the interaction was not real. The likely cause of this perception is that because hugging is an
interaction that is performed almost daily, people possess significant prior knowledge of it and know exactly how it feels
to hug a real person.49,50 Therefore, the participants likely had certain expectations regarding their sensory perception
of the physical interaction despite being aware they were interacting with a virtual character. Enhancement of a body
ownership illusion is achieved when the tactile feedback is deemed realistic and accurate; otherwise, the participants
tended to ignore it and focused more on the visual information and the task they were instructed to perform.37 Thus, even
though pseudo-physical embodiment could affect some somatic sensations to the participants (e.g., the sense of touch),
it is difficult to accurately replicate a more engaging and emotionally loaded real-world experience, such as hugging.
Finally, we should also consider the inability of the Kinect sensor to capture participants’ movement accurately. Motion
artifacts on self-motion could lead to a reduction of the illusion of body ownership.51 It is for these reasons we think our
participants reported low levels of body ownership.

In contrast to prior findings that have shown that the sense of presence32 increases when providing tactile feedback,
our study found that the participants’ presence did not vary significantly across the participant groups, most likely because
the participants were exposed to the exact same virtual environment. In this study, even though the participants were able
to control their body and interact with the virtual character by hugging him, they experienced lower levels of presence
across all conditions and had minimal actions to perform in the virtual environment. According to previously conducted
research, it is important for the participant to be active if we want to elicit the feeling of presence.45 Moreover, presence
is difficult to report via existing questionnaires52 since it relates to action and interaction rather than the environment.
Therefore, the minimal interaction in the virtual environment affected the sense of presence of the participants.

This study also revealed significant gender differences (RQ5) in virtual character interaction variables. Females
showed more negative experiences when interacting with the virtual character (friend) compared with male participants.
However, this result should not be considered surprising because it is known that both biological and sociocultural factors
could induce gender differences to artificial entities with anthropomorphic appearance.53 Moreover, past studies related
to physical/virtual touch and human-human touch interactions have reported the important effects of gender in a touch
context.54,55 For example, males often have negative impressions of another male’s touch, and females typically hug more
often than males.56 It is thus likely that these were the reasons that impacted potential gender differences in most of the
examined variables.

An overall observation of the results showed no differences between the no-tactile feedback condition and most of
the tactile feedback conditions. We attribute this finding to the fact that our participants were impatient when they
were expecting something to happen when wearing the tactile vest. Impatience increased the emotional responses of our
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participants,57 and this feeling impacted their responses throughout the questionnaire and prevented us from identifying
the expected differences in the examined conditions. We think that participants’ impatience also made them rate the NT
condition pretty high compared with other tactile conditions. The inclusion of a condition in which no vest was worn
seems critical to further understand the participants’ responses.

Anecdotally, we would like to mention that all the participants were willing to hug the virtual friend and that most
mentioned that such an interaction with a virtual character was perceived as unusual to them. Several participants also
mentioned that the missing feeling of warmness induced with the temperature of the body during hugging made the
hugging part of the virtual reality experience less realistic. In retrospect, it can be said that the participants were responsive
to the tactile feedback and that its persistency and accuracy were responsible for affecting their experiences in the virtual
environment when hugging the virtual character. Based on the results, we can conclude that the realism of the virtual hug
correlates strongly with the realism of the tactile feedback and that the participants were able to distinguish the different
modalities (visual, haptic, and kinesthetic) contributing to the virtual reality experience to avoid confusion, especially
when attention is drawn to particular sensory characteristics.

6 LIMITATIONS

This study has some limitations. The first limitation is the small sample size of female participants, which limits the gen-
eralizability of the results. The inclusion of additional female participants is critical for future studies concerning hugging
with virtual characters. Second, we did not capture data related to the duration of the hugging for each participant. Such
data is considered valuable when exploring the interaction with the virtual character. Third, each participant experienced
only one hug. By allowing the participants to experience the tactile feedback only once, we were able to examine a more
accurate reaction, since there was no carryover effect. However, experiencing the feedback only once provided us with
an immediate reaction and not an overall reaction that a virtual reality user would have when experiencing the interac-
tion multiple times. Fourth, although the participants were unaware of the tactile condition to which they were exposed,
the fact that all of them were wearing the tactile vest prompted the participants to expect something to happen or to feel
something on their bodies. We could not overcome this limitation because of the nature of the experimental study and
the device used for generating the tactile feedback. Fifth, although current technology can be used to impact some of the
participants’ experiences, it can be inferred that tactile vests are not yet able to express real-life experiences by providing
a pseudo-tactile experience to virtual reality users. Emotionally loaded interactions, such as hugging, require completely
differently types of tactile vests and suits. Finally, the average ratings for most of the subjective measures were below 4,
where 7 is the best score. Perhaps the virtual reality scenario bore our participants. They were standing for 4 min observ-
ing the virtual environment before the virtual friend approached them, and they mostly had a passive interaction in the
virtual environment. As such, the participants provided low ratings either due to the passive experience or due to the
prior virtual reality experiences they had (e.g., compared with either a virtual reality gaming application or other more
engaging virtual reality scenarios).

7 CONCLUSIONS AND FUTURE WORK

Considering that hugging is an emotionally loaded action that humans are familiar with and perform on a daily basis,2,4,5

this article examined the participants’ experiences when this interaction was performed with a virtual character in a
virtual city scenario with and without the presence of tactile feedback. Several concepts were investigated and notable
results were obtained. Our findings revealed that the way participants experienced the virtual reality hugging is highly
related to the persistence of the tactile feedback. We found that more accurate tactile feedback enhances the realism
of the hug interaction, while persistent tactile feedback negatively impacted the participants’ experiences in the virtual
environment. Moreover, our results confirmed that female participants are more sensitive when interacting with a virtual
character.

The current study is a step toward understanding participants’ perceptions and reactions while hugging a virtual
character in a virtual environment in the presence of tactile feedback. Future research should examine the details
of such an interaction, such as gender (male and female virtual friends), age (child, adult, older adult), and appear-
ance of the virtual character (e.g., regular human, cartoon, zombies, or robots). Moreover, interesting insights about
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the participants’ experiences and sensations when hugging a virtual character could also be obtained by capturing and
analyzing physiological and eye-tracking data. This research direction requires further exploration.

ORCID
Dixuan Cui https://orcid.org/0000-0003-0114-042X
Christos Mousas https://orcid.org/0000-0003-0955-7959

REFERENCES
1. Collier G. Emotional expression. Mahwah, New Jersey: Lawrence Erlbaum Associates Inc; 1985.
2. Haans A, Ijsselsteijn WI. Mediated social touch: a review of current research and future directions. Virtual Reality. 2006;

9(2-3):149–59.
3. Trovato G, Do M, Terlemez Ö, Mandery C, Ishii H, Bianchi-Berthouze N, et al. Is hugging a robot weird? investigating the influence of

robot appearance on users’ perception of hugging. Proceedings of the IEEE-RAS International Conference on Humanoid Robots; 2016.
p. 318–23.

4. Tsetserukou D. HaptiHug: a novel haptic display for communication of hug over a distance. Proceedings of the International Conference
on Human Haptic Sensing and Touch Enabled Computer Applications; 2010. p. 340–7.

5. Tsetserukou D, Neviarouskaya A, Prendinger H, Kawakami N, Tachi S. Affective haptics in emotional communication. Proceedings of the
International Conference on Affective Computing and Intelligent Interaction and Workshops; 2009. p. 1–6.

6. Colwell C, Petrie H, Kornbrot D, Hardwick A, Furner S. Haptic virtual reality for blind computer users. Proceedings of the ACM Conference
on Assistive Technologies; 1998. p. 92–9.

7. Frissen P. The virtual state. The governance of cyberspace; Milton Park, Abingdon-on-Thames, Oxfordshire, England, UK: Routledge;
1997. p. 111–25.

8. DiSalvo C, Gemperle F, Forlizzi J, Montgomery E. The hug: an exploration of robotic form for intimate communication. Proceedings of
the IEEE Workshop on Robot and Human Interactive Communication; 2003. p. 403–8.

9. Haans A, Nood C, Ijsselsteijn WA. Investigating response similarities between real and mediated social touch: a first test. Proceedings of
the ACM Conference on Human factors in Computing Systems; 2007. p. 2405–10.

10. Lee J, Kim Y, Kim GJ. Effects of visual feedback on out-of-body illusory tactile sensation when interacting with augmented virtual objects.
IEEE Trans Human-Mach Syst. 2016;47(1):101–12.

11. Kurita Y, Shinohara M, Ueda J. Wearable sensorimotor enhancer for fingertip based on stochastic resonance effect. IEEE Trans
Human-Mach Syst. 2013;43(3):333–7.

12. Tanaka Y, Yamauchi H, Amemiya K. Wearable haptic display for immersive virtual environment. Proceedings of the JFPS International
Symposium on Fluid Power; 2002. p. 309–14.

13. Galambos P, Baranyi P. Vibrotactile force feedback for telemanipulation: concept and applications. Proceedings of the International
Conference on Cognitive Infocommunications; 2011. p. 1–6.

14. Sanfilippo F, Hatledal LI, Pettersen K. A fully–immersive hapto–audio–visual framework for remote touch. Proceedings of the IEEE
International Conference on Innovations in Information Technology; 2015. p. 1.

15. Burdea G, Richard P, Coiffet P. Multimodal virtual reality: input? output devices, system integration, and human factors. Int J Human
Comput Interact. 1996;8(1):5–24.

16. Forlines C, Balakrishnan R. Evaluating tactile feedback and direct vs. indirect stylus input in pointing and crossing selection tasks.
Proceedings of the ACM SIGCHI Conference on Human Factors in Computing Systems; 2008. p. 1563–72.

17. Kreimeier J, Hammer S, Friedmann D, Karg P, Bühner C, Bankel L, et al. Evaluation of different types of haptic feedback influencing
the task-based presence and performance in virtual reality. Proceedings of the ACM International Conference on PErvasive Technologies
Related to Assistive Environments; 2019. p. 289–8.

18. Martínez J, García A, Oliver M, Molina JP, González P. Identifying virtual 3D geometric shapes with a vibrotactile glove. IEEE Comput
Graph Appl. 2014;36(1):42–51.

19. Krishna S, Bala S, McDaniel T, McGuire S, Panchanathan S. VibroGlove: an assistive technology aid for conveying facial expressions.
Proceedings of the ACM CHI Conference on Human Factors in Computing Systems Extended Abstracts; 2010. p. 3637–42.

20. Otaduy MA, Okamura A, Subramanian S. Haptic technologies for direct touch in virtual reality. ACM SIGGRAPH courses; New York,
United States: ACM; 2016. p. 13.

21. Ramsamy P, Haffegee A, Jamieson R, Alexandrov V. Using haptics to improve immersion in virtual environments. Proceedings of the
International Conference on Computational Science; 2006. p. 603–9.

22. Pacchierotti C, Sinclair S, Solazzi M, Frisoli A, Hayward V, Prattichizzo D. Wearable haptic systems for the fingertip and the hand:
taxonomy, review, and perspectives. IEEE Trans Haptics. 2017;10(4):580–600.

23. Perret J, Vander Poorten E. Touching virtual reality: a review of haptic gloves. Proceedings of the International Conference on New
Actuators; 2018. p. 1–5.

24. Benali-Khoudja M, Hafez M, Alexandre JM, Kheddar A. Tactile interfaces: a state-of-the-art survey. Proceedings of the International
Symposium on Robotics; vol. 31, 2004. p. 23–6.

25. Lécuyer A. Simulating haptic feedback using vision: a survey of research and applications of pseudo-haptic feedback. Presence Teleoperat
Virtual Environ. 2009;18(1):39–53.

https://orcid.org/0000-0003-0114-042X
https://orcid.org/0000-0003-0114-042X
https://orcid.org/0000-0003-0955-7959
https://orcid.org/0000-0003-0955-7959


14 of 15 CUI et al.

26. Pabon S, Sotgiu E, Leonardi R, Brancolini C, Portillo-Rodriguez O, Frisoli A, et al. A data-glove with vibro-tactile stimulators for virtual
social interaction and rehabilitation. Proceedings of the Annual International Workshop on Presence; 2007. p. 345–8.

27. Israr A, Zhao S, Schwalje K, Klatzky R, Lehman J. Feel effects: enriching storytelling with haptic feedback. ACM Trans Appl Percept.
2014;11(3):11.

28. Kappers AM. Human perception of shape from touch. Philos Trans Royal Soc B Biol Sci. 2011;366(1581):3106–14.
29. Krogmeier C, Mousas C, Whittinghill D. Human-virtual character interaction: toward understanding the influence of haptic feedback.

Comput Animat Virtual Worlds. 2019;30(3-4):1–10.
30. Krogmeier C, Mousas C, Whittinghill D. Human, virtual human, bump! a preliminary study on haptic feedback. Proceedings of the IEEE

Conference on Virtual Reality and 3D User Interfaces; 2019. p. 1032–3.
31. Zhao S, Lehman J, Israr A, Klatzky R. Using haptic inputs to enrich story listening for young children. Proceedings of the International

Conference on Interaction Design and Children; 2015. p. 239–42.
32. Garcia-Valle G, Ferre M, Breñosa J, Vargas D. Evaluation of presence in virtual environments: haptic vest and user’s haptic skills. IEEE

Access. 2017;6:7224–33.
33. Frohner J, Salvietti G, Beckerle P, Prattichizzo D. Can wearable haptic devices foster the embodiment of virtual limbs? IEEE Trans Haptics.

2018;12(3):339–349.
34. Tsalamlal MY, Ouarti N, Martin JC, Ammi M. Haptic communication of dimensions of emotions using air jet based tactile stimulation.

J Multimodal User Interf. 2015;9(1):69–77.
35. Block AE, Kuchenbecker KJ. Softness, warmth, and responsiveness improve robot hugs. Int J Soc Robot. 2019;11(1):49–64.
36. Stiehl WD, Breazeal C, Han KH, Lieberman J, Lalla L, Maymin A, et al. The huggable: a therapeutic robotic companion for relational,

affective touch. ACM SIGGRAPH emerging technologies; New York, United States: ACM; 2006. p. 15.
37. Koilias A, Mousas C, Anagnostopoulos CN. I feel a moving crowd surrounds me: exploring tactile feedback during immersive walking in

a virtual crowd. Comput Animat Virtual Worlds. 2020;31(4-5):e1963.
38. McGregor C, Bonnis B, Stanfield B, Stanfield M. Design of the ARAIG haptic garment for enhanced resilience assessment and development

in tactical training serious games. Proceedings of the IEEE International Conference on Consumer Electronics; 2016. p. 214–7.
39. van der Meulen E, Cidota MA, Lukosch SG, Bank PJ, van der Helm AJ, Visch VT. A haptic serious augmented reality game for motor

assessment of Parkinson’s disease patients. Proceedings of the IEEE International Symposium on Mixed and Augmented Reality; 2016.
p. 102–4.

40. Gobron SC, Zannini N, Wenk N, Schmitt C, Charrotton Y, Fauquex A, et al. Serious games for rehabilitation using head-mounted display
and haptic devices. Proceedings of the International Conference on Augmented and Virtual Reality; 2015. p. 199–9.

41. Foottit J, Brown D, Marks S, Connor AM. Development of a wearable haptic game interface. arXiv preprint arXiv:160408322; 2016.
42. Wilson E, Hewett DG, Jolly BC, Janssens S, Bechmann MM. Is that realistic? the development of a realism assessment questionnaire and

its application in appraising three simulators for a gynaecology procedure. Adv Simul. 2018;3(1):21.
43. Mousas C, Anastasiou D, Spantidi O. The effects of appearance and motion of virtual characters on emotional reactivity. Comput Human

Behav. 2018;86:99–108.
44. Biocca F, Harms C, Gregg J. The networked minds measure of social presence: pilot test of the factor structure and concurrent validity.

Proceedings of the Annual International Workshop on Presence; 2001. p. 1–9.
45. Slater M, Pérez Marcos D, Ehrsson H, Sanchez-Vives MV. Towards a digital body: the virtual arm illusion. Front Human Neurosci.

2008;2:6.
46. Slater M, Usoh M, Steed A. Depth of presence in virtual environments. Presence Teleoperat Virtual Environ. 1994;3(2):130–44.
47. Gatti E, Caruso G, Bordegoni M, Spence C. Can the feel of the haptic interaction modify a user’s emotional state? Proceedings of the 2013

World Haptics Conference; 2013. p. 247–52.
48. Freeman D, Slater M, Bebbington PE, Garety PA, Kuipers E, Fowler D, et al. Can virtual reality be used to investigate persecutory ideation?

J Nervous Mental Dis. 2003;191(8):509–14.
49. Cohen S, Janicki-Deverts D, Turner RB, Doyle WJ. Does hugging provide stress-buffering social support? a study of susceptibility to upper

respiratory infection and illness. Psychol Sci. 2015;26(2):135–47.
50. Debrot A, Schoebi D, Perrez M, Horn AB. Touch as an interpersonal emotion regulation process in couples’ daily lives: the mediating role

of psychological intimacy. Pers Soc Psychol Bull. 2013;39(10):1373–85.
51. Koilias A, Mousas C, Anagnostopoulos CN. The effects of motion artifacts on self-avatar agency. Informatics. 2019;6(2):18.
52. Singer MJ, Witmer BG. On selecting the right yardstick. Presence. 1999;8(5):566–73.
53. Astrid M, Krämer NC, Gratch J, Kang SH. εIt doesn’t matter what you are!ε explaining social effects of agents and avatars. Comput Human

Behav. 2010;26(6):1641–50.
54. Major B, Heslin R. Perceptions of cross-sex and same-sex nonreciprocal touch: it is better to give than to receive. J Nonverbal Behav.

1982;6(3):148–62.
55. Stier DS, Hall JA. Gender differences in touch: an empirical and theoretical review. J Pers Soc Psychol. 1984;47(2):440.
56. Derlega VJ, Lewis RJ, Harrison S, Winstead BA, Constanza R. Gender difference in the initiation of intimacy. J Nonverbal Behav.

1989;2:83–96.
57. Naveteur J, Coeugnet S, Charron C, Dorn L, Anceaux F. Impatience and time pressure: subjective reactions of drivers in situations forcing

them to stop their car in the road. Transp Res F Traffic Psychol Behav. 2013;18:58–71.



CUI et al. 15 of 15

AUTHOR BIOGRAPHIES

Dixuan Cui holds a BS and MS in Computer Graphics Technology from Purdue University, West
Lafayette. Dixuan is currently a PhD student in the Department of Computer Graphics Technol-
ogy at Purdue University. His research interests include virtual reality, tactile feedback, computer
graphics, games, and human–computer interaction.

Dominic Kao is an Assistant Professor at Purdue University and director of the Virtual Futures
Lab. His research interests are in virtual worlds, games, and education. He received a PhD in
Computer Science from MIT, a MSE in Computer Science from Princeton University, and a BS in
Computer Engineering from the University of Alberta. Previously, he worked at Electronic Arts
as a game developer. In his research, he is interested in building virtual worlds and leveraging
existing ones, primarily towards the goals of understanding how virtual worlds influence people,
and developing best practices for developing games and learning environments. Broadly, he is

interested in games research, HCI, and education.

Christos Mousas is an Assistant Professor at Purdue University, West Lafayette. His research
revolves around virtual reality, computer graphics, computer animation, and human–computer
interaction. In the past, he has been affiliated with the Department of Computer Science at Dart-
mouth College as Postdoctoral Researcher, and with the Department of Cultural Technology and
Communication of the University of the Aegean as Research Assistant. He holds a PhD in Infor-
matics and an MSc in Multimedia Applications and Virtual Environments both from the School
of Engineering and Informatics of the University of Sussex, and an integrated Masters degree in

Audiovisual Science and Art from Ionian University. He is a member of IEEE.

How to cite this article: Cui D, Kao D, Mousas C. Toward understanding embodied human-virtual character
interaction through virtual and tactile hugging. Comput Anim Virtual Worlds. 2021;e2009. https://doi.org/10.
1002/cav.2009

https://doi.org/10.1002/cav.2009
https://doi.org/10.1002/cav.2009
https://doi.org/10.1002/cav.2009

