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Abstract

Over time, there has been an increase in research on how to improve emotional state rehabilitation processes, and it is notable
that the use of technology has had a positive result, with increasing accuracy. Serious Games (SG) for Virtual Reality (VR) are
extremely beneficial in this regard, and the use of haptic devices as a tool for researchers and medical teams is increasing in
popularity. The current study aims to conduct an initial investigation into the use of a haptic vest to see if haptic touch can aid in
emotional conditioning, which may result in improved disease and phobia rehabilitation, and whether different interactions with
virtual scenarios, such as a virtual hug, can increase immersiveness. The investigation seeks to discover the most effective ways
to convey a virtual to physical hug using the haptic device. Previous research has revealed a high level of participant interest, as
well as increased immersion in SGs realism, leading to additional research and implementation.
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1. Introduction

Under the historical perspective of humanity, various methods have been defined to treat diseases and health
problems in order to alleviate an individual’s suffering. The use of electronics and digital processes in healthcare,
has grown significantly in research over the years, bringing innovative products and applications [1, 2], however
often faster and with greater coverage. Despite the more serious issues, it is possible to overcome emotional
difficulties such as phobias, anxiety, and depression, among others, and this is now being addressed more effectively
[3]. One method for making treatment and rehabilitation more interesting for patients is to use Serious Game (SG),
and which facilitate patients’ acceptance to participate in medical treatment sections in a safe method, sometimes
without realizing it. A fantastic integration opportunity is to use SG in Virtual Reality (VR), a correlation that is also
being investigated for a variety of diseases and phobias. When discussing SG in VR, immersiveness is enhanced by
the use of goggles, also known as Head-Mounted Display (HMD) devices, providing an effective treatment for
diseases and phobias. It is possible to conclude that immersiveness is crucial for this and that the larger it is, the
more results it will provide [4], with great care required in the correlation and configuration to avoid undesirable
results, as motion sickness or new phobias. The current study also aims to use a haptic device to identify potential
interactions that increase immersiveness for SG in VR, bringing better experiences while using an HMD, and
focusing on better treatment and rehabilitation. One interaction that has been shown to be important is a hug, as well
as seen in previous research [5], which has already been studied in treatments as an emotional interaction between
humans that can be beneficial and the perception of more comfortable types of hugs between people [6, 7]. The
change in people’s emotions when using such elements ignited a great interest for research, allowing for some of the
experiments discussed further.

Some tests were conducted using different experiences about emotional education, which include a variety of
mini-games that focus on providing the player with calm, energy, relaxation, and fear, among others, in order to
understand which experiences in a VR SG people like the most. This study included 40 people from 7 different
countries, being teachers and students. It included 7 men and 33 women, with 33 between the ages of 18 and 25, 5
between 26 and 35, and 2 between 36 and 50. Also, 26 people were having their first VR experience, 7 had
previously experienced it with simpler devices, and 7 with similar devices. Following the VR experience,
participants filled out a form to report their feelings, showed in the first half of Table 1, with the emotion, the
respective number of choices, and its percentage.

Table 1. Virtual reality and haptic experience statistics.

Virtual reality experience Haptic experience

Feeling Amount Action Amount
Anxiety 7 (17.5%) Handshake 20 (50%)
Apprehension 6 (15%) Hug 21 (52.5%)
Claustrophobia 3 (7.5%) Kiss 7 (17.5%)
Fear 5 (12.5%) Shoulder touch 9 (22.5%)
Impatient 2 (5%)

Happiness 23 (57.5%)

Relaxation 16 (40%)

Tranquility 12 (30%)

Wonder 1 (2.5%)

They were also asked which virtual interaction they would feel most comfortable while using a haptic device to
get the physical sensation, as shown in the second half of Table 1 with the action, the respective number of choices,
and its percentage. Both percentages are based on the total number of choices among the 40 participants. The hug
was the most interesting haptic interaction to the participants. For this reason, it became an interesting subject for
researching to aid in the treatment and rehabilitation of diseases or phobias while people are playing a SG in a VR.
The following section discuss notable works relevant to the current article's theme, followed by a simple analysis of
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the importance of a touch for disecase and phobias treatment. The fourth section covers implementations and
applications for using of a haptic vest to also the this type of treatment, followed by a brief evaluation and feelings
caused by its use in a virtual environment, as well as the realism level enhancement felt by the survey participants.
The sixth section presents conclusions for the led work and futures perspectives.

2. State of the art

The concepts of SG and VR can be used for a variety of purposes and have already seen prevalent application in
the healthcare industry. Doctors are using this technology to reach new achievements in the treatment of many
diseases. Schiza et al. conducted a review of the use of VR applications for neurological diseases [8], including
dementia, stroke, spinal cord injury, Parkinson’s disease, and multiple sclerosis, and reached the conclusion that
they were positive and effective. Sobri et al. used haptics tactile feedback to help enhance their interaction with
mobile applications for heart disease monitoring [9], increasing the level of usability by using their components to
remind patients of important tasks such as taking medicine, which still requires medical proof. Michalakis et al.
present a VR simulation of a schizophrenic’s experience [10] with mind delusions and auditory, visual, and haptic
hallucinations, using a haptic vest to simulate someone touching the person. Fadaei et al. developed a prototype
haptic wear [11] for sensory-motor perception experimentation using mechanical back touches via hand commands
and the generation of body illusions via human-finger pokes to provide greater realism in virtual environments.
Tannert et al. used a haptic vest to provide real-time vibrotactile feedback to patients with balance problems [12],
which they say is promising in reducing lower back tilt but not in controlling the center of mass. Adilkhanov et al.
conducted a literature review on the use of haptic devices in virtual environments between 2010 and 2021 [13],
analyzing their characteristics and uses, as well as exposing gaps and challenges for the use of such devices and
other aspects. Lee et al. used vibrotactile feedback provided by a haptic vest in mixed reality to improve spatial
awareness and object detection in people with visual impairment [14], and participants were able to avoid collisions
with objects in the environment. Garcia-Valle et al. use a haptic vest to understand how the user can benefit from its
use in a VR [15], with most users understanding it to improve the virtual environment’s performance by increasing
its immersiveness and enhancing realism and sense of presence in the virtual world.

3. The importance of the touch for diseases and phobias

Hugging is a natural human behavior in which we express our feelings of affection, safety, friendship, and
support, through this simple and powerful gesture [16]. Hugs come in a variety of styles and causes hormonal
releases that reduce stress, control blood pressure, reduce pain, among other things. Other topics related to the theme
of this work can be studied and would be extremely valuable in order to determine whether the use of the haptic vest
can also induce such emotions in the person [17-20]. Nagy [21] conducted research to analyze spontaneous hugs in
order to understand the average amount of time people take to hug and concluded that it is around 3 seconds of
hugging plus 2 seconds of preparation and release. Another intriguing detail is that there was no gender difference in
the experiment, only in terms of how well the two people got along. Furthermore, there has been research on which
side humans hug more frequently, and most of them rotate to the right side [22], but for this work it will be used
rotation to both sides in the vest implementation.

In order to improve the simulation in the haptic vest, another important question is which body regions receive
touch, which are the least uncomfortable or most pleasant, and how much intensity is best during the hug. Cazzato et
al. [23] conducted a research with 30 female participants and discovered that the abdomen was the least pleasant for
touching, while the forearm and back regions were the most. It states that people enjoy the experience of touch and
concludes that positive, affectionate touch promotes psychological well-being and protects physical health.
Nonetheless, the conclusions contend that the tests cannot be applied to men, who are usually more sensitive to
touch. Chest and abdomen had a greater feeling of sensitivity, causing the intensity of the front part of the torso to
be reduced in the vest. Three hugs were planned to be implemented in the vest, as illustrated in Fig. 1. The first and
most common is the criss-cross (a) [7], or classic, which has the arms crossed and heads next to each other being
usually used by family, friends, acquaintances, and often to greet someone unknown. Other types of hugs include
the one-sided (b), or protective, which is a side hug that conveys confidence and care, and is typically used by more
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intimate people, and the neck-waist hug (c), which is similar to the symmetrical or friendly hug in that it crosses
both arms over or under the arms of the other person and is also a bit more intimate [19].
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Fig. 1. (a) Criss-cross; (b) One-sided; (c) Neck-waist. [19]

Although the criss-cross hug is the most common and easiest for everyone to use, the other two types discussed
can be used for testing with patients with better acceptance of the tool. Both hugs were implemented for both sides
of rotation or position, right and left or up and down, increasing the variety of the haptic vest’s use and adaptability
to all users. understanding it to improve the virtual environment’s performance by increasing its immersiveness and
enhancing realism and sense of presence in the virtual world. Also, intriguing is the possibility of hugging a pet,
whether a dog or a cat, which may provide some additional benefits than hugging a human being. The
implementation of hugs in the haptic vest will be addressed more thoroughly in subsection 4.3, Hug Implementation.

4. Vest implementation and its applications

As haptic devices have been increasingly used in virtual experiences with interesting results, as seen in previous
sections, the current work seeks to use a haptic vest to provide greater immersiveness for VR SGs and new
experiences by providing the ability to physically feel the virtual interactions. In the medical field, such inclusion
may result in a more elaborate exploration of situations, resulting in greater accuracy in disease and phobia
treatment and rehabilitation strategies. There are several models of haptic vests for various purposes, the
investigation used the TactSuit X40 model from the developer bHaptics [24], bringing 40 vibrotactile eccentric
rotating mass vibration motors arranged in 5 rows by 4 columns on each side, for a total of 20 vibrotactile motors in
the front and 20 more in the back. All of its vibration engines are configurable, allowing them to be customized to
any usage requirement and in real time. It is possible to create animation patterns on bHaptics Designer website
[25], which can be imported into a game creation engine. For this research, it is used Unity [26], which uses C#
programming language and allows game creation with good applicability for the VR HMD Meta Quest 2 [27]. Also
the vest itself by using the bHaptics Software Development Kit (SDK) [25], allowing the device use and
configuration in Unity. The animation of the vibration motors is determined by which motor is activated, how long it
is active, and its intensity. With a series of motors activation, an animation is created with smooth transitions that
simulate some real-life interaction. Furthermore, such individual animations can be defined for each vibration
engine, allowing for real-time animation generation by coding, which will be addressed further in this section. As
previously stated, bHaptics’ developer website [25] allows the creation of animation documents for their haptic
devices. As a result, with the help of this online tool, pre-programmed animations such as the hug interaction with a
Non-Playable Character (NPC) can be created. Animation files were imported into Unity [26] and configured by
code to activate the vest in real time when a specific interaction occurs during the game. When using bHaptic’s SDK
[25], some code files that enable the connection with the vest system are imported into Unity. The hugging issues
will be addressed more thoroughly in subsection 4.3, Hug Implementation.

Games allow multiple interactions with the player during gameplay, resulting in a massive variation of
possibilities due to game events and the player’s movement. This would make using the vest unfeasible due to the
time-consuming task of creating animations for each possible interaction. A different approach was required to
optimize its use for costlier and more real-time gameplay. To accomplish this, each vibration motor was linked to a
invisible collision sensor in Unity [26], so the player cannot see it and each one is activated whenever an object in
the scene makes contact with it. The sensors are attached to the player and follow his movements through the scene
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in the same order as the motors in the vest, as shown in Fig. 2 with the yellow cubes being the representation of the
sensors. This implementation allows for the simulation of the sensation of physically touching objects in the scene,
such as feeling a wall when approaching it (a), bumping into the pet as when moving around the scene (b), and
bushes (c), among other possibilities. For the reason it is a game-time interaction, such implementations need a
slightly more computational process. The Mesh Collider in Unity can take the entire mesh of the object and make
the interaction more precise, but it requires a lot from the machine and can reduce the game’s flow quality. An
alternative is to use the Box Collider, which requires less computational effort but does not provide as much detail at
the time of collision, necessitating careful definition of collision sizes for improved accuracy.

B R i oo SR,

: it apticetth ciip:

a private string motorName;
private bool activated = false;

private void On nEnter(Collision other){
if(clip.IsP b

) activated = true;

1e StartCol
11 }

12 }

ne(PlayCoroutine());

14 private IEnumerator PlayCoroutine(){
15 //Intensity, Duration, AngleX, OffsetY and Identifier
16 clip.Play(@.5f, 1f, ef, ef, motorName);

17 yield return new WaitForSecondsRealtime(@.9f);

19 if(activated) yield return PlayCoroutine();
20 else yield return null;
21 }

2 private void OnCollisionExit(Collision other) {
24 | activated = false;

clip.Stop(motoriame) ;

26 1}

ool oo 1%
JOXO% )
314 (ﬁgboo,@.‘l

e Criss-Cross

f  Onesided

g Neck-Waist

Fig. 2. (a) Wall; (b) Pet; (c) Bushes; (d) Collision code; (e) Criss-criss; (f) One-sided; (g) Neck-waist; (h) Cat hug; (i) Cat hug on vest; (j) Dog
hug; (k) Dog hug on vest.

The new implementation needed new coding that first attempts to determine which sensor is intended for which
vibration engine, as shown in (d). For the reason of the possibility of defining objects of no interest for the
interaction, it is then checked if the collision object is valid to make the interaction. It is possible to start a loop that
keeps the vibration motors active when in collision by using the function StartCorroutine(function) in code. The
animations were designed to keep the vibration motors active for 5 seconds, as can be seen in the subsec 4.3, Hug
Implementation, before calling the function that activates the animation again, which is the function
Play(parameters) mentioned earlier, and so on while colliding with an object. As a result, a stop condition is
required for when the sensor no longer contacts the object, using the Stop(identifier) function indicated earlier,
which uses the identifier created to deactivate the respective vibration engine. When their respective Unity sensors
come into contact with an object, only the vibration engines in their respective Unity sensors will be activated.
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Some details were created for the implementation based on the section 3, The Importance of the Touch for
Diseases and Phobias, that was previously presented. On the bHaptics developer website [25], a sequence of
commands for the activation motors was defined in order to create the animations for each hug (criss-cross, one-
sided, and neck-waist). Furthermore, all animations were set to a maximum time of 5 seconds, and the front region
of the vest was programmed with lower intensity vibration motors being represented by the size of the blue circles
which the smaller ones are lower intensity and greater ones higher intensity, for reasons that were previously
discussed. Figure 2 depicts the motor progression for each hug. The transition between each step is done smoothly to
aid perception of the animation’s beginning, progression, and completion. The vest is in a neutral state before the
first and last steps, i.e. all vibration motors are deactivated. The animations for the criss-cross and one-sided hugs
are done on both sides, right and left, while the neck-waist animation is done on the top and bottom of the vest,
making 6 animations from 3 types of hug. When the hug is finished, the reverse process of each animation begins,
gradually undoing the hug.

The criss-cross hug (e), has the first step of activation of the motors on the chest (1), beginning at the front of the
vest. This is followed by forearm contact on the side of the abdomen and in a shoulder (2), vest activation on the
front and back, and the simulation of hands on the back at the end of the hug with upper back vibration motor
activation (3). The One-Sided Hug (f), has the first step only on the side of the back to simulate the first contact (1),
then a larger area of contact on the back and a little on the opposite shoulder in front portraying the forearm (2), and
finally simulating the hand on the chest by activating a larger region on the chest (3). For the neck-waist (g), it
begins with contact only on the chest (1), progresses to forearm contact on both front and back sides of the belly (2),
and concludes with the full backhand hug (3). Although human contact through hugging can provide some benefits,
it can also cause discomfort in some situations. A second intriguing proposal is the possible implementation of
contact with a pet, can interact with a cat (h) and implement the interaction in the vest (i), or with a dog (j) and
implement the respective interaction (k). Contact with a dog or a cat can elicit a wide range of emotions in humans.
This allows each patient to select the type of contact that is most comfortable for them, and medical follow-up can
confirm the best methodology for each patient based on their preferences and specific difficulties. Several activities
can be specified in order to provide better adaptability and experience for pets inside the virtual environment, which
can also be integrated with the haptic vest.

5. Evaluations of the case

The use of the haptic vest is intriguing because of how it can add realism to virtual games through real-time
vibrotactile feedback. Despite this, some difficulties were identified during the planning, programming, and use of
the haptic tool, one of which was the inability to know the rotation of the player’s torso, which makes certain virtual
world movements impossible by leaving the sensors always in the original rotation. For the reason the experience
varies from patient to patient while in game, medical monitoring is essential to determine which patients could
benefit from the presented technology. If there is no such understanding, it is possible that undesirable outcomes
occurs, such as creating discomfort and minimizing the immersion of the player patient, thereby impeding treatment
and rehabilitation. It is also clear that each SG must be adaptable to each type of disease or phobia, as well as each
type of patient, and being once again medical monitoring is indispensable. Hugging and the perception of other
objects in the scenario by the use of the vest can also bother a patient, necessitating a cautious approach because it is
an act of more intense affection, requiring a person’s acceptance for the practice of hugging. Previous studies used
people without mental illnesses who had a wide range of emotions and opinions about wearing the vest, which will
be discussed further.

The aim of increased immersion generated interest in evaluating a haptic vest, which offers new approaches that
transform what is virtual into something physical via vibrotactile feedback. In previous research [5], 12 people were
asked how they felt when wearing a haptic vest and whether there was an increase in the realism of the VR
environment. The first half of Table 2 displays the feelings, as well as the respective number of options and their
percentages. The second half of Table 2 addresses the users’ response to the increase in the level of immersiveness
when using the vest in a VR application, which means how much the haptic vest increased the participants’
perception of insertion in the virtual environment. The level of immersion is displayed, with 1 being very bad and 10
being very good, as well as the number of options and their percentage. Both percentages in Table 2 are based on the
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number of responses compared to the total number of 12 survey participants. There were both positive and negative
feelings when using the haptic device and the SG of VR in the HMD, with the majority being apprehension and
happiness. This demonstrates a wide range of emotions, which is also directly influenced by what happens in the
SG, but controlling and exploring emotion manipulation is feasible and can be beneficial for medical purposes.

Table 2. Haptic vest experience statics [5].

Haptic vest experience Haptic vest immersiveness
Feeling Amount Level Amount
Anxiety 1 (8.33%) 1 0
Apprehension 4 (33.33%) 2 0
Claustrophobia 3 (25%) 3 0
Confusion 1(8.33%) 4 0
Fear 0 5 1 (8.33%)
Impatient 2 (16.67%) 6 2 (16.67%)
Happiness 4 (33.33%) 7 3 (25%)
Relaxation 2 (16.67%) 8 2 (16.67%)
Tranquility 1(8.33%) 9 1 (8.33%)
10 3 (25%)

When looking at the responses aimed at the level of immersion, it is clear that all participants felt a greater level
of immersion, and that improvements in the implementations of the correlation of the VR with the haptic vest are
possible. There was also a report that 10 people did not experience any discomfort while wearing the vest, while 2
did.

6. Conclusions and future work

Hugging is a highly affectionate act between humans that conveys strong emotions. Its practice can provide
several health benefits, including happiness, relaxation, and even the release of beneficial hormones. Doctors
frequently use this act in the treatment and rehabilitation of diseases or phobias, seeking to maximize the benefits of
the hug. With the advancement of technology and scientific studies linking it to health, the use of technological
devices for medical assistance has increased noticeably. SG for VR is an excellent way to use technology, and
research has demonstrated its effectiveness. Haptic devices are tools that are widely studied in conjunction with such
games in order to increase their immersiveness and realism. This paper aimed to conduct an exploratory study of the
use of a haptic vest to improve the immersiveness of SGs for VR in order to better understand if the tool can aid in
the treatment and rehabilitation of diseases and phobias, primarily through the implementation of a virtual hug. To
that end, the most comfortable hugs, common times, and most commonly accepted regions for haptic touch were
investigated first. Previous tests show a large amount of positive emotions and increased immersiveness from
wearing the vest, but it is important to use the device carefully and to be in close contact with the SG. There is a
perceived lack of research linking all of the topics discussed, both individually and collectively. In order to prove the
details of the theme addressed and the perception of new implementations, future works must be tested in
collaboration with a medical team. It is also intriguing to consider the use of other devices that can measure
heartbeat, stress, and other vital signs to capture what makes patients more comfortable in order to improve the
treatment of diseases and phobias, which is something that must be done with great care for each individual case.
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