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ABSTRACT 

 

In the last pandemic, people understood the importance of physical social interaction and with it 

realized the importance of touch. A loss of touch for a prolonged period was found to be detrimental 

to one’s mental health. Mediated touch technologies proved to be useful since people could 

communicate social touch easily over the internet. However, more research in terms of presence and 

empathy was required. This study aims to answer, “How does a vibrotactile sleeve affect the 

perception of presence with the other during remote communication in affective relationships?”. 

Concepts such as touch starvation, social touch, mediated touch, and social connectedness were taken 

as starting points. Furthermore, various state-of-the-art devices regarding mediated touch are also 

discussed. Based on these technologies and the concepts, a design criterion for building the 

interaction and setup was made, followed by the methodology for conducting the experiment. 22 

pairs of individuals in affective relationships with each other participated in the study. While the 

implementation succeeded in providing comfort, it could not provide conclusive results for perception 

of presence. As such, various reasons, insights, and limitations are discussed which could help for 

future research. 
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1 INTRODUCTION 

 

COVID-19 was a devastating time. One visible thing was that everyone started working from home. 

This was truly insightful for many. People understood how they could efficiently optimise their 

workplaces for better productivity. While workplace efficiency is an important thing to consider, social 

interaction is also an equally important aspect of mental health since humans are social beings [1]. To 

overcome this problem of interaction, people resorted to online meetings through video conferencing 

software like Skype, Zoom, Teams, etc. People had online meetings, met at virtual cafes, and even 

attended live virtual concerts. Despite these solutions, there was one problem the virtual world had 

brought. The problem was such a mundane event, that people might have overlooked it. 

In daily life, people come across many others with whom they interact face-to-face. They interact with 

them verbally and non-verbally. Video calls can convey both these interactions, but it lacks a major 

sensory aspect of daily life interaction. In the physical world, one engages in a conversation using 3 

senses – visual, auditory, and somatosensory (touch) [2]. Visual and auditory senses are predominant 

in communication, but touch is an equally essential part of human interaction and is therefore 

unavoidable. Touch not only communicates information but also emotion. People touch to comfort 

others, persuade someone, express intimacy, build a closer relationship or even build anxiety [3]. 

While the types of touch depend on culture, most touches are reserved for one’s close relations – 

family, friends, and partners [4,5]. For example, a mother embracing a crying child for comfort or a 

hug between two friends who met after a long time. As these examples suggest, touch also 

communicates emotions directly. Therefore, a lack of touch is a truly dreadful situation. 

So, the question now stands, is it even possible to comfort your loved ones over a video call? Naturally, 

this question is too vague to answer right away but should be clear by the end of this thesis. There is 

an entire science to conversing with humans called computer-mediated communication. Therefore, 

these aspects need to be studied as well to understand the purpose and concept of this thesis. The 

upcoming sections shall see what all factors affect such a study. 
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1.1 RESEARCH QUESTIONS 

This study explores the effect of a vibrotactile sleeve with respect to its user’s emotions. Since, 

studying a range of emotions in a mediated communication is too wide of a scope for a master thesis, 

here, only the feeling of presence is observed.  

Therefore, the primary goal of this study is to answer: 

How does a vibrotactile sleeve affect the perception of presence with the other during 

remote communication in affective relationships? 

The secondary goals help understand the context of this study. Therefore, they are as follows: 

1. What is meant by the perception of presence? 

2. How to measure the perception of presence? 

3. What is the state of the art in vibrotactile sleeves? 

4. How does this setup affect people in terms of social presence? 

5. What added effect does the vibrotactile sleeve bring to the remote communication? 

  



8 

 

2 TOUCH STARVATION 

During social distancing, people had no means of physical contact with others, except if they lived with 

someone. This has majorly affected people who lived alone. They could potentially face the issue of 

touch starvation or hunger. Touch starvation is a condition that happens when people are denied 

physical social interaction with colleagues, friends, or family. In such a scenario, the mind becomes 

stressed, anxious, or in extreme cases, even depressed [6]–[8]. It is common knowledge that the skin 

is the largest social organ of the human body, it responds to both good and bad sensations [9]. Good 

sensations, like a hug, trigger the brain to release oxytocin which would usually reduce anxiety and 

stress levels. But in touch starvation, the lack of oxytocin leads to stress which triggers the brain to 

release cortisol, which in turn, increases your heart rate, blood pressure, muscle tension and breathing 

rate and affects your immune and digestive system [10]. 

Studies show that touch hunger was prevalent in the nursing or medical field for the duration of the 

pandemic. Usage of personal protective equipment (PPE) like masks and gloves led to creating a 

physical barrier between the patients and healthcare workers [8]. Another instance of touch 

starvation and social distancing was seen during the outbreak of Ebola. It was observed that isolating 

the affected people caused the nurses’ ability to connect and comfort the patients during times of 

distress [11]. 

A greater proportion of touch starvation has been studied between infants and their caregivers than 

in adults [12]. In a study measuring differences in touch children received by maternal care versus 

children in institutional care or of clinically depressed mothers, it was observed that the latter receive 

significantly less affectionate touch. These children were later observed to have cognitive and 

neurodevelopmental delays [13,14] compared to their peers. These delays often persist into early 

adolescence [15]. Another study [16] observes psoriasis patients who assumed people would not 

touch them had higher depression scores compared to psoriasis patients with no such assumption. 

Likewise, touch starvation especially of the affective kind has been observed to cause body image 

dissatisfaction and eating disorders as well [17]. 
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3 MEDIATED TOUCH 

Mediated touch is a method to socially touch people through a computer. This is useful in situations 

where two people live apart and are unable to touch each other physically. This touch is conducted 

using an intermediary device called haptics devices. Haptics is the science of transmitting and 

understanding information through touch [18]. Therefore, haptic devices are devices that imitate 

touch. It allows its user to feel the sensations of touch. It is important to know that sense of touch is 

not just limited to skin-skin contact. Sense of touch also includes the sense of body movement and 

awareness of limbs, for example, the force felt by your shoulders while carrying a backpack. These two 

main categories of touches are called tactile and kinaesthetic feedback. The feedback sensed by the 

skin is called tactile feedback. They engage the thermoreceptors and mechanoreceptors by variating 

pressure, temperature, vibration and/or displacing skin to give the effect of touch [3]. On the other 

hand, kinaesthetic feedback or force feedback applies force to its user’s body [19]. 

Fig. 1 shows different types of haptics categorized by the type of effect they produce. Section 6 shall 

focus on finding the suitable type of haptics for this study. 

 

 

Figure 1. Types of haptic feedback [20] 
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3.1 AFFECTIVE HAPTICS 

Affective haptics is a branch of mediated touch that focuses on creating haptic devices that can 

capture, sense or display emotions through touch [21]. It is a multidisciplinary field that spans affective 

computing, haptic technology, as well as user experience. Affective computing deals with methods to 

display, elicit, detect, and communicate emotions. Haptics provides a bidirectional communication 

channel for touch between two people. Finally, user experience measures the overall quality of user 

experience for using haptics to communicate emotions. 

Affective haptics has been used in a multitude of fields ranging from personal to professional instances 

alike. For example, in healthcare, they have been used to treat depression or anxiety [22], provide 

assistive technology and augmented communication systems for children with autism [23] and have 

also been used in psychological health applications to determine the emotional state of a patient [24]. 

In other instances, affective haptics has also been proved to be useful in e-learning [25], collaborative 

gaming [26], negotiation [27], and social and interpersonal communication [28]. 
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4 SOCIAL TOUCH 

Touch is a significant part of social interaction. As was established in section 3.1, a touch 

communicates personal and intimate emotions. It establishes intimacy and strengthens the feelings 

of human connection. Therefore, touch is used to provide emotional support, encouragement, and 

intimacy [29] and in contrast, also allows you to persuade someone - Midas touch. Midas touch refers 

to a brief touch that increases a person’s willingness to comply [30]. The underlying principle of Midas 

touch is social touch. Cascio et al. [31] define social touch within two contexts – 1) psychological and 

2) physiological effects on a human body. This difference in definition is necessary since it allows a 

contrast between affective and discriminative touch. 

4.1 PHYSIOLOGICAL AND PSYCHOLOGICAL EFFECTS OF SOCIAL TOUCH 

Physiologically, social touch is an effect caused by low-threshold unmyelinated peripheral afferent 

fibres (C Tactile or CT afferents). These fibres are activated to slow gentle strokes (<10cm/s) [32,33] 

and at temperatures close to human skin [34]. CT afferents are found only in hairy skin than in glabrous 

skin of the palm [34] and they affect not only the posterior insular cortex [35] and in some instances, 

also the primary somatosensory cortex which was previously assumed to be inactive during social 

touch [36]. CT afferents are deemed suitable for social touch and have been named “social touch 

systems” [37,38]. The fact that CT afferents are not found in glabrous skin does not make social touch 

irrelevant in those areas of the body. Actively sending/receiving social touch through glabrous skin is 

perceived to be pleasant by the user [39]. Furthermore, social touch for providing comfort or 

compassion towards a loved one has been observed to have variation in signals associated with 

empathy with respect to EEG [40] and ECG [41]. 

Psychologically, Cascio et al. explain that partners in exchange of the touch and the intent behind it 

are also the key elements of social touch. Social touch is always in the context of interpersonal 

relationships ranging from intimate partners to stark strangers. Naturally, the social touch between 

intimate partners is powerful. Cascio et al. state that studies regarding touch in romantic relationships 

support the role of both, neuropeptides, and neural reward systems. Authors of [42] confirm the 

neural correlation of desire for romantic caress. It explains that, for intimate partners, as the desire to 

be intimate with the other increases, the neural activity for anticipating a romantic caress from your 

partner increases. This kind of romantic touch has been observed to positively influence the levels of 

oxytocin [43], essentially influencing the reward region of the brain. However, an inverse effect was 

noticed in the case of individuals with autistic traits [44]. 

4.2 CONTEXT OF SOCIAL TOUCH 

While a variety of social touches has been used in psychological interventions, it is not always 

necessary that that touch arouses pleasant feelings in the receiver. A review paper by Saarinen et al. 

[45] investigates various contexts in which social touch is applied, ranging from psychosocial factors 

(facial expressions, acquaintanceship, out-group membership) to situational factors (receiver’s 

situational distress). Figure 2 summarizes the psychosocial and contextual factors which have an 
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observable effect on the responses to social touch. These factors show that the same caress can be 

experienced as unpleasant and is not considered to have positive effects of touch to the receiver in 

the long run. Therefore, to produce a pleasant, secure, and appropriate touch, these factors must be 

considered while designing the interaction.  

 

 

Figure 2. Summary of psychosocial and situational contextual factors modulating responses to social touch [45] 

4.3 SOCIAL TOUCH AND EMPATHY 

It was established in previous sections that social touch influences the emotions of the target. Since it 

positively alleviates partners in distress with some exceptions (see section 4.2), could it be said that 

social touch has a positive effect on empathy? Several studies were conducted where participants in 

psychosocial stress situations had a positive influence on their friend’s or partner’s touch [45]. 

Participants when shown a picture of a deceased close acquaintance experienced the situation more 

comfortable when holding hands with their partner vs. being alone without touch [46,47]. During the 

Ebola outbreak, nurses had to always wear PPE while tending to the patients. Despite this limitation, 

it was observed that nurses were still able to provide meaningful human touch when done with the 

intention [11]. Another study [48] investigates an analgesic effect due to their partner’s touch. The 

authors found that subjects, after introducing to heat stimuli, reported reduced pain when they were 

comforted by their partner. Therefore, behavioural evidence suggests that a receiving touch may 

reduce sensory or even physical pain. When investigating the physiological effects of social touch, 

similar favourable effects can be seen. For participants under distress, handholding and hugging with 

a partner or friend reduced blood pressure and lowered their heart rate [49,50]. 
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4.4 WHAT BODY LOCATIONS ARE SUITABLE FOR SOCIAL TOUCH? 

Like all types of social interaction, social touch also has tacit rules that must be followed. Suvilheto et 

al. [51] produced a heatmap of regions of the body that are acceptable to receive social touch with 

respect to the relationship and gender of the toucher. Figure 3 illustrates the topography of socially 

acceptable touch regions.  

 

 

Figure 3. Topography of socially acceptable touch regions [51] 

 

Suvilheto et al. notice a clear distinction between partners touching each other compared to strangers. 

It is acceptable for romantic partners to touch anywhere around the body. Whereas strangers are 

strictly limited to touching the other’s hands. Another noticeable difference is within genders. Females 

are allowed to touch a wider area of the body than their male counterparts of the same relation. This 

is clearly visible in the case of female strangers versus male strangers. Interestingly, hands are the only 

region that is acceptable for all relationships and genders. Touch, up to the forearm is common across 

cases of affective relationships such as friends, family, and partners. 

4.5 TYPES OF TOUCH 

In real life, different touches have different distinct meanings. They can be symbolic, affectionate, or 

informational. Studies determine social touches emulated through mediated touch (or mediated 

social touch, MST) have been designed for hugging [52]–[54], kissing [55,56], hand-holding [57], 

handshaking [58,59], squeezing [60], stroking [61,62], patting [63,64], regular contact [65], or even 

tickling [66]. These types of touches are often seen in real social touch interaction. 

Therefore, MST has the potential to generate any possible type of social touch with respect to any 

context imaginable. While most of the above-mentioned touches relate to affectionate touch, 

alternate meanings of each touch can be derived by the participants of the touch themselves. Huisman 

[67] explains such touch as “symbolic” where the actual social touch does not necessarily have to 
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match its intended meaning. Instead, the participants of the touch share the context and symbolism 

of the touch with only each other. Such symbolism can help a wide variety of interactions and can help 

the designer create a tactile language [68]. 
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5 SOCIAL CONNECTEDNESS 

Social connectedness (SC) is a term that encompasses feelings of belonging and closeness. It is defined 

as a short-term experience of belonging and relatedness, based on social appraisals, and relationship 

salience [69]. Being social animals, SC is the fundamental aspect of human life. This sense of SC is what 

allows humans to identify with other humans in society. Social roles like parenthood, an employee 

working at a company, or even being a child, are examples of shared experiences among many 

humans. The difficulty of forming a sense of SC translates from childhood to adulthood when the 

needs were previously unmet [70]. Lee et al. [70] explain that SC encompasses an individual’s beliefs 

and attitude towards other people and relationships. This in turn is linked to the ability to understand 

others, participate in social activities, and feel related to other people with empathy [71]. 

5.1 SOCIAL PRESENCE 

Social presence (SP), a term coined in 1976, refers to the level of importance of the other person in a 

mediated communication and how influential are their interpersonal interactions [72]. It is the 

subjective experience of being present with a person in a virtual environment and having access to 

their emotions and thoughts [73]. Biocca et al. [73] provide greater insight into SP by defining it in 3 

dimensions (see Fig. 4).  

1) Sense of Co-presence - At the level of perceptual awareness, individuals gain a faint sense of a co-

presence, and a basic sense of the other’s identity, sentience, and attention. 

2) Psycho-behavioural accessibility – This dimension is characterized by a deeper sense of 

psychological involvement, access, and connection to the intentional, cognitive, or affective states of 

the other. 

3) Mutual co-presence – In this dimension, SP is the (inter-)subjective judgement of mutual co-

presence such as mutual attention, mutual comprehension, shared emotional states, and 

interdependent behaviour. 
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Figure 4. Social presence dimensions [73] 

 

While SP and SC fall under the same branch, they are not the same. In her paper on discussing 

connectedness, awareness and social presence, Rettie [74] states, “Social presence is a judgement of 

the perception of the other participant and/or of the medium, whereas connectedness is an emotional 

experience, evoked by, but independent of, the other's presence”. Since the dawn of virtual reality for 

home environments, SP has gained massive academic attraction. Mainly because VR is purported to 

be a higher level of SP than other technology-mediated communication [75].  

5.2 SIGNIFICANCE OF SP 

Studies have shown that SP has a range of positive effects, such as persuasion and attraction [76,77]. 

A study [78] found that SP was positively associated with trust, enjoyment, and perceived usefulness 

of a shopping webpage, which led to greater purchase intentions. Lee et al. [76] studied SP in the 

context of a social robot and measured individuals’ co-presence with the robot. Interestingly, they 

found that SP predicted attraction towards the robot. However, Geen et al. [79] discuss the arousing 

effects of SP but based on their gathered psychophysiological evidence, it fails to support the 

hypothesis that this presence increases arousal. On the contrary, their evidence suggests that the 

presence of others can reduce arousal in individuals under stressful experiences. 
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6 STATE OF THE ART 

 

This chapter shall narrow down which haptic device or type thereof is best suited to provide a touch 

stimulus as a wearable sleeve. Finally, various state-of-the-art devices that are currently available in 

the market shall be discussed. Fig. 1 illustrates two broad categories of haptics – Tactile and 

Kinaesthetic. Kinaesthetic devices were not deemed suitable since they were bulky and expensive. 

Therefore, this thesis shall focus on tactile devices. 

Among the tactile devices are –  

1. Vibration – These devices communicate by stimulating vibrations on the user’s skin. They are 

most used in phones, game controllers, and smartwatches. It has relatively low power 

consumption and is easily controllable. Due to this, vibrotactile devices are commercially 

popular. The downside is that vibration lacks depth and diversity of sensation. 

2. Spatial change – These types of devices alter the surface on which the user interacts. They 

provide a virtual texture to the surface using either array of pins, electrodes, ultrasound, or 

pneumatics. Examples include refreshable braille displays and ultrahaptics. These devices are 

often bulky, have a high-power consumption and are not readily available in the market. 

Therefore, they are usually expensive. 

3. Friction change – These devices alter the friction based on the interaction between an object 

and the user. It is done either using electrostatics or ultrasonics. Ultrahaptics [80] is an 

example of spatial as well as friction change haptics. Like spatial change devices, these also 

tend to be bulky and consume high power. 

Vibrotactile devices use low power, are easily controllable, commercially popular, widely available, 

and most importantly, are less bulky [81], therefore they shall be suitable for this study. But even 

within vibrotactile haptics, there are different types of vibrations (Fig. 1). 

6.1 VIBROTACTILE TECHNOLOGIES 

6.1.1 Eccentric rotating mass (ERM) 

The principle of this motor is an eccentrically rotating mass around an axis which in turn generates 

vibration. The benefit of ERM motor is that this technology has been used for a long time and therefore 

has matured. It is used in mobile devices, game controllers, and watches, for providing a tactile 

notification or haptic feedback. Since the technology matured, these are widely available in various 

specifications and designs at a low cost. The problem with the ERM motor is that it consumes a lot of 

power to move the mass, and therefore has a slow response (start and stop) time and the frequency 

of vibration depend on the frequency of input power [82]. 

Generally, ERM motors are quite bulky (Fig. 5) and therefore not a good option for haptic wearables. 

Instead using coin version of ERM motors are preferred for wearables (Fig. 6) since they are small, 

lightweight, do not need a driver, and robust. The downside is that they are not as powerful as the 

bigger versions [83]. 
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Figure 5. ERM motor [84] 

HYPERLINK 

"https://www.precisionmicrodrives.com/eccentric-rotating-mass-vibration-motors-erms" 

Figure 6. Coin ERM motor [83] 

 

6.1.2 Linear resonant actuator (LRA) 

This device rapidly moves a mass back and forth across a linear axis. It is a simple spring-mass 

mechanism activated by a voice coil. The mass coupled with a magnet moves based on a defined 

resonating frequency of the device. LRAs are gaining popularity since they are reliable, responsive and 

consume low power [85]. They are also widely available but more expensive than ERM. The 

disadvantage of using LRA is that the resonant frequency varies for each and therefore any frequency 

outside the resonant frequency will result in reduced vibration amplitude.  
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While LRAs seem objectively better than ERMs, they do have one major limitation. ERMs can run with 

or without an additional driver but LRAs always require a driver to run the actuator at its resonant 

frequency [85]. Depending on the size of the driver, the actuator can become bulky. 

 

Figure 7. Coin LRA [85] 

  

6.1.3 Voice coil motor (VCM) 

Voice coil motors contain a coil around a permanent magnet. Depending on the type of the motor, 

either the magnet can move linearly from a fixed coil, or the coil can move linearly from a fixed 

magnet. This simplistic design makes allows the motor to have a smaller form factor, a constant force, 

and high accelerations [86]. 
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Figure 8. Voice coin motor with (a) Moving coil (b) Moving magnet [86] 

6.1.4 Piezoelectric transducers (PZT) 

Piezoelectric transducers generate vibration using piezoelectric materials mounted on a suspended 

beam [82]. An electric signal causes the beam to compress and stretch rapidly causing vibration. The 

benefits of PZT include smaller size, low-power consumption, high precision, quick response, and non-

magnetic. But they are limited by their higher operating voltage and sensitivity to electrical overdrive. 

PZTs are used in a wide range of applications like audio systems, medical technology, or optics.  

 

Figure 9. Piezoelectric motor [82] 

 

6.1.5 Solenoid actuator 

Solenoid actuators are also called impact actuators [82]. A solenoid generates an electromagnetic field 

around an armature. When it is energized, the armature is pulled and pushed into a cavity. It is a bigger 

version of LRA with a broader frequency response range. They are also used in a wide range of devices 

including gaming, virtual buttons, phones, and automobile dashboards. The use case of this actuator 

is based on the impact sense – representing a sudden impact. Therefore, all subsequent impacts have 

lower force [87]. As mentioned before, solenoid actuators have a wide range of frequency responses 

and higher forces due to impact. Naturally, this device consumes high power and is bulkier. 

Furthermore, it also requires custom drivers which makes it expensive. 
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Figure 10. Solenoid motor [87] 

6.2 STATE-OF-THE-ART VIBROTACTILE SLEEVES 

Due to their advantages, coin ERMs were chosen to be a part of this study. Therefore, the following 

devices use coin ERMs. 

6.2.1 The TaSST device 

 

 

Figure 11. TaSST arm sleeve [62] 

 

TaSST (Tactile Sleeve for Social Touch) is a vibrotactile arm sleeve made for communicating 6 different 

types of touch remotely between two people. The creators of TaSST [62] studied this device – 1) to 
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observe how different vibrotactile patterns could be perceived as different types of touch, and 2) to 

assess to what extent the prototype could be used to communicate these touches at a distance. These 

touches are simple (poking, hitting), protracted (pressing, squeezing), and dynamic (rubbing, stroking). 

It has two-way communication enabled; therefore, it can send and receive touch. The input layer 

consists of a 4x3 grid of 40x40 mm lycra pads filled with conductive wool. Below the input layer, the 

output layer consists of coin ERMs in a 4x3 grid. The rotation speed of the motors is determined by 

the force applied to the input layer. The authors indicate that dynamic touches were hard for the 

participants to perceive and imitate. Whereas simple and protracted touches were understandable 

for the users. 

 

6.2.2 bHaptics Tactosy 

 

Figure 12. bHaptics Tactosy [88] 

 

bHaptics Tactosy is a commercially available haptic sleeve for arms. It is used as a pair of sleeves where 

each pair has 6 vibration motors laid in a 3x2 layout. The main use case of this device is for gaming, 

audio-based haptics, and personal entertainment. Therefore, the motors respond to interaction in 

games, convert music to vibration and serve as a notification provider. In a study related to body-

based haptic feedback, the authors used the sleeves and a haptic vest to investigate the effect of body-

based haptic feedback on a player’s sense of presence and overall experience during VR gaming [89]. 

However, they could not find significant differences in the player experience and sense of presence. 
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6.2.3 Elitac whisperer haptic sleeve 

 

Figure 13. Elitac whisperer haptic sleeve [90] 

 

Elitac emotion sleeve is a custom-made vibrotactile sleeve that was created to aid visually impaired 

people to feel facial expressions [90,91]. The sleeve conveys emotions through various patterns of 

vibrations. It acts as a tool for visually impaired people to see other person’s facial expressions with 

the help of smart glasses, emotion recognition software and the vibrotactile sleeve. The software, 

through the smart glass, can see and recognize 6 types of emotions (happiness, sadness, disgust, fear, 

surprise, anger) and their intensity as well. It contains 16 vibration motors that can create 24 distinct 

patterns combining taps and strokes at various points in the lower arm. 
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6.2.4 Bespoke vibrotactile sleeve 

    

Figure 14. Vibrotactile sleeve 

This vibrotactile sleeve is a prototype that was created at the University of Twente specifically for 

haptic studies. It contains four adjustable coin ERM motors. These motors can be placed anywhere 

along the length of the sleeve. The motors are controlled via an ESP32 programmable board and 

therefore, the sleeve can emulate a stroke or a pat. The sleeve is very lightweight, flexible, easily 

programmable, and succinct, thereby making it very suitable for this study. 

6.3 TESTED HAPTICS 

This section was considered significant to include since the devices mentioned here were once 

considered within the scope of this study but were later deemed unsuitable. Therefore, this section 

serves as a guideline on what devices to avoid for such a study in the future. Three other devices were 

also explored, despite the limit to using vibrotactile haptics 

 

6.3.1 Ultraleap STRATOS 

Ultraleap STRATOS explore is an ultrasonic haptic device. It has 256 ultrasonic transducers in a 16x16 

grid [80]. The device tracks the user’s hand with a LEAP motion controller and activates the 

transducers together to form a 3D object sensation at around 15-20cm above the device. It was 

controlled by an interface which contained specific presets. While it was successful in stimulating the 

palms but failed in stimulating the forearm. 
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Figure 15. Ultraleap STRATOS explore development kit [80] 

 

6.3.2 Elitac-Manus sleeve 

 

 

Figure 16. Elitac-Manus haptic glove by TNO (front and back) 

 

This glove was developed by TNO. It consists of a Manus VR glove for hand tracking fitted with Elitac’s 

vibration motors for haptic feedback. There are 14 vibration motors, 2 per finger, 2 on the palm and 

2 behind the palm. It was made for TNO’s Social XR project [92]. The glove was used to emulate a 

handshake, fist bump and high five. Since it cannot be used on a forearm, this was glove was 

unsuitable. 
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6.3.3 McKibben actuator 

 

 

Figure 17. McKibben muscle [93] 

McKibben actuators also called pneumatic artificial muscles, extend or contract when filled with 

pressurized air. The device was a sleeve that consisted of 3 of these actuators that were activated with 

a control device. It produced a light squeezing sensation. However, the entire setup was bulky with 

tubes and valves and had a very loud air pressurizer which required earmuffs to operate. 

6.4 CONCLUSION 

State of the art aims at answering the question “What is the state of the art in vibrotactile sleeves?”. 

Here, various devices were explored both tactile and kinaesthetic and provided information on each. 

Kinaesthetic was considered unsuitable for this study and therefore tactile technologies were 

considered, specifically vibrotactile. Various vibrotactile technologies were studied based on their 

mechanism, use case, advantages, and disadvantages. Among these, coin ERM motors seem to be 

suitable for this study since they are small, no driver needed, lightweight, low cost, mature technology, 

robust, and are suited for wearables. Therefore, four vibrotactile devices that use coin ERMs were 

studied – TaSST, Elitac Emotion sleeve, bHaptics Tactosy, and a bespoke vibrotactile sleeve. The 

bespoke vibrotactile sleeve from the University of Twente was chosen to be a part of this study since 

it is very flexible, customizable, and lightweight. Other devices that did not fit the scope of this study 

are mentioned in section 6.3. Appendix A summarizes all the details of the studied devices. 
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7 SETUP DESIGN 

 

Since the study is explorative, the setup should be a low-fidelity prototype which can be improved 

depending on the results. The setup and interaction were built with a specific set of criteria. They are 

as follows: 

7.1 DESIGNING THE SETUP 

• Corner table conversation – The setup should be such that people should feel as if they are 

sitting closely. A corner table setup would allow that since it would make the users sit much 

closer to each other than on opposite sides of a table. 

• Video call software – The video calling software should be easy to implement. 

• Life-size view of the other – In order to bring full immersion [94], it would be best to replicate 

the real size of the person the users are talking to. Therefore, having a large screen, preferably 

a TV should show life-size view. 

• Maintain eye contact – Eye contact plays an important role in maintaining the attention of the 

users [95]. Since the setup has a life-size view of the other, it should also make sure that the 

people maintain eye contact. 

• Background continuation – To seem as if the users are in the same space, the backgrounds 

should look continuous. It should be as if they are looking through a glass. 

• Directional sound – In regular face-to-face conversation, one expects the sound from the 

other’s mouth. Failure to do so could cause cognitive dissonance. Therefore, to maintain 

immersion, the sound should seem as if it is emerging from the mouth of the other seen 

through TV. 

To create a low fidelity setup, decisions were taken accordingly. Since any table with edges would 

have corners, they would be suitable for a corner table conversation. MS Teams was used for video 

calls since it is widely used, easy to implement, and has features that could potentially help with 

background continuation. A 46-inch TV with a stand was used in portrait mode to show the life-size 

view of the other person. Various methods were used to mimic eye contact ranging from gaze-

correction software to fixed stands. Finally, a camera-gooseneck attached from the top of the TV 

worked well since it was low fidelity and did not cover the image of the other person. To solve the 

issue of background continuation, 2 regular office rooms were used which had white backgrounds. 

Furthermore, window screens in both rooms were drawn and they were only lit with the overhead 

lights. To create sound from the mouth, 2 speakers were installed at the back of the TV. These speakers 

were both pointed to the user which created a stereophonic sound and thus achieved the required 

effect. To summarize: 

• Corner table – A regular table with edges 

• Video call software – MS Teams 

• Life-size view – 46-inch portrait TV with a TV stand 

• Eye contact – Camera with gooseneck hung from the top of TV at eye-level 
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• Background continuation – 2 identical-looking office spaces with white background 

• Directional sound – 2 angled speakers behind the TV 

7.2 DESIGNING THE INTERACTION 

• A visible limb for interaction – A limb, specifically an arm, should be visible to the user for 

them to interact. That limb should send a signal to the vibrotactile sleeve. 

• Patting/holding touch – Patting or holding someone’s arm is a good way to comfort someone 

when they are distressed (see section 4.5) and is easily programmable.  

• Touch should be out of view – It is a well-known phenomenon that the brain fills in missing 

information when something is not visible [96]. Therefore, when the user leans to touch the 

limb, the interaction should be out of view the camera. Doing so would make the recipient of 

touch feel the vibration and assume that they are being touched without seeing the 

mannequin arm. 

For the interaction, a mannequin arm would be suitable to mimic an arm. The arm would be fitted 

with force-sensitive resistors to sense whether the user is holding or patting and with what 

intensity. When the user pats, the vibrotactile sleeve begins to vibrate. The mannequin arm could 

be placed along the edge of the table near the TV so that it stays out of view but is easy for the 

user to touch. To summarize: 

• Visible limb – Mannequin arm 

• Patting/Holding touch – Easily programmable 

• Out-of-view touch – Place arm near edge of table 

Based on these criteria and decisions, figure 18 shows the final setup prepared for this study.  
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Figure 18. Final setup 

Appendix B contains various other designs explored during the finalization of the design. 
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8 METHODOLOGY 

8.1 PARTICIPANTS 

A sample size calculation with the following parameters, a confidence interval of 95%, a margin of 

error of 15%, and a large population resulted in a sample of 43 participants [97]. To have full pairs, a 

total of 44 participants or 22 pairs. The pair of participants should be between the age of 18 to 65, 

should have experience with MS Teams, proficient in English and should share an affective relationship 

– family, friends, or partner. Furthermore, the participants shall be included such that there is a 

balanced distribution of male and female participants. Participants with vision/auditory problems or 

with attention disorders shall not be included. 

8.2 STIMULI 

It has been seen that video stimuli have a higher affinity to inducing sadness in individuals [98]. Five 

videos rated for eliciting compassion have been selected from a validated database [99,100]. These 

videos are 2-5 min movie clips that have been validated to elicit feelings of compassion. Compassion 

was chosen because it is the emotional response to empathy which in turn has a stronger effect on 

presence [101]. These videos are sad in nature and contain events of death, grief and/or hardship but 

do not contain gory elements. The videos and their description are in the table below. 

Title Year Description Link 

Armageddon 1998 The protagonist volunteers to sacrifice himself to 

destroy an asteroid hurtling towards Earth. He talks 

to his daughter over a video call and apologizes that 

he cannot come home. 

https://youtu.be/2H

0pnL03vB0 

Pursuit of 

Happyness 

2006 The protagonist and his kid struggle to find a place 

to stay for the night after they are evicted. The kid 

goes to sleep but the protagonist tries to block 

anyone trying to enter the toilet so that his kid can 

sleep properly. 

https://youtu.be/S4a

MoMccBlQ 

Lost 2004 In a sinking submarine, one of the protagonists gets 

stuck. The other tries to save her but fails. So, he 

chooses to go down with her. 

https://youtu.be/9P

VJJsN9GW8?t=137 

 

The Champ 1979 In the aftermath of a boxing match, the protagonist 

lies dead in a room. His child starts crying over the 

loss followed by everyone else in the room. 

https://youtu.be/Wu

H__IGnovA 

My Girl 1991 A funeral scene of a boy who was a very close friend 

of the protagonist. She cannot bear the loss and 

runs away from the funeral. 

https://youtu.be/p4li

1iuctzQ 

Table 1. List of emotion-eliciting videos [99] 

https://youtu.be/2H0pnL03vB0
https://youtu.be/2H0pnL03vB0
https://youtu.be/S4aMoMccBlQ
https://youtu.be/S4aMoMccBlQ
https://youtu.be/9PVJJsN9GW8?t=137
https://youtu.be/9PVJJsN9GW8?t=137
https://youtu.be/WuH__IGnovA
https://youtu.be/WuH__IGnovA
https://youtu.be/p4li1iuctzQ
https://youtu.be/p4li1iuctzQ
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8.3 PROCEDURE 

The experiment will test 2 conditions: 

• Control - Regular video call (MS Teams) displayed on the portrait TV. 

• Experiment – Video call with a haptic device on one of the participants’ forearms. 

Condition 1 is a control condition. In condition 2, the participants will be introduced to the haptic 

setup. One of the participants shall be the sender and the other will be the receiver of the touch. Both 

conditions will be tested with a large portrait TV to provide a human-size image and will be in 2 

identical spaces. Doing so aims to ensure realism as to sitting in the same space. The vibration sleeve 

will be placed only in the receiver’s room and the sender will be able to send the touch using a pressure 

sensor setup on a mannequin arm. 

8.3.1 Condition 1: Regular video call 

A 46-inch TV screen was mounted vertically on a stand and placed over a chair, adjacent to the 

participant in the room. The video call was done using MS Teams. Both participants saw each other 

through the screen. A webcam (with microphone) was attached to the screen with a gooseneck such 

that, the camera placement seemed just above the eyes of the participant on screen. Doing so allowed 

the participants to maintain eye contact and synchronized the backgrounds on the screen to the 

background of the room they are in. Speakers were placed behind the screen to give a spatial audio 

experience. Self-view in Teams will be disabled to avoid any distractions. Finally, the title bar and 

teams menu bar were moved out of the screen such that, participants can completely see each other 

on the screen without any other interruptions. 

 

 

Figure 19. Setup without haptics 
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8.3.2 Condition 2: Video call with haptic setup 

The setup is identical to the setup in condition 1, except for the addition of the haptic setup. The haptic 

setup consists of a vibrotactile sleeve (Fig. 21), and a mannequin arm fitted with pressure sensors (Fig. 

22). The sleeve would be worn by participant B on their right arm and participant A would interact 

with the mannequin arm. In different instances, participant A will be indicated to touch participant B 

by pressing on the mannequin arm. The indication will be in the form of a subtle knock on the door. 

Doing so will vibrate the sleeve on participant B’s arm. 

     

Figure 20. Setup with vibrotactile sleeve (left) and mannequin arm (right) 
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Figure 21. Vibration sleeve 

 

Figure 22. Mannequin arm with pressure sensors 

8.4 QUESTIONNAIRE 

In this study, we will use an evaluation methodology based on multiple existing questionnaires 

adapted to fit the scope of this experiment. See appendix C for the full questionnaire. 

8.4.1 Holistic social presence questionnaire (HSPQ) 

HSPQ presents a holistic method of measuring the quality of experience of mediated social presence 

[102]. For this study 10 items shall be included from HSPQ, viz. the social presence scale which includes 

sensory, emotional, cognitive, behavioural, and reasoning from the perspective of self and partner. 

8.4.2 Networked minds measure of social presence (NMQ) 

Authors of [73] defined the psycho-behavioural accessibility of a person in a virtual environment. The 

same authors developed a measure of social presence [103]. For this study, the psychological 

involvement scale shall be used which includes 12 items, viz. empathy scale and mutual understanding 

scale. 
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8.4.3 Discrete Emotions Questionnaire (DEQ) 

DEQ measures emotion in 8 discrete emotions rather than broad dimensions of affect [104]. For this 

study, the questionnaire is adapted to use items that relate to empathy, viz. sadness, anxiety, fear, 

and desire. It includes 11 items.  

8.4.4 Short User Experience Questionnaire (UEQ-S) 

This questionnaire measures the experience of the user based on its attractiveness, pragmatic quality, 

and hedonic quality [105]. This study uses this questionnaire merely for exploratory purposes, to see 

how the participant perceives the system in its current state. As such, only the short version of UEQ is 

utilized which contains 8 items. 

8.4.5 Demographics 

Demographics (age and gender) information is collected to determine correlations between the 

responses and the sample used. 

There will be one questionnaire at the start and end of the experiment. The entry questionnaire is the 

DEQ and consists of 11 items in total. The exit questionnaire is a combination of all the ones mentioned 

above. Therefore, it consists of 43 items. Nothing apart from the questionnaire, such as the 

conversation or the meeting is recorded. 

8.5 TIMELINE OF EVENTS 

On the day of the experiment, the two participants will be placed in different rooms and introduced 

to the system that they will use to interact with the other participant. They will then fill out a 

questionnaire about their current emotional state. If the participants are in condition 2, they will be 

introduced to the haptic setup. They will be given time to try out the system to eliminate the novelty 

effect. 

Once they are ready, they will be shown one of the five emotion-inducing videos from Table 1, selected 

at random. Once the video ends, the participants will be asked to talk about personal events that 

might have been emotional for them. To stimulate conversation between them prompts will be 

provided regarding place, time, etc (see appendix D). Participants are free to talk about anything else 

they would naturally discuss with each other. They can finish the conversation at any moment, with a 

limit of 15 min. For participants in condition 2, the sender shall receive a notification to touch the 

mannequin arm, thereby sending a touch to the other participant. 

After the conversation, both participants will be asked to complete the evaluation questionnaire in 

digital format. 
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9 RESULTS 

9.1 DEMOGRAPHICS 

This experiment consisted of 22 pairs of participants (N=44) divided into 11 pairs per condition. All 

participants were either close friends, family, or partners, with the majority being friends. The mean 

age of participants was 23.93 ± 3.32. There were 7 male-male pairs, 3 female-female pairs and 12 

male-female pairs resulting in 26 males (59.1%) and 18 females (40.9%). 

9.2 SOCIAL PRESENCE 

HSPQ: A 7-point Likert scale (1=Strongly disagree to 7=strongly agree) was used for this questionnaire. 

No significant differences were found in both conditions on the scores of the HSPQ questionnaire. 

However, the internal consistency of all the subscales was found to be above 0.7. 

Scales No haptics Haptics Cronbach’s alpha p-value 

Immediacy 5.50 ± 1.55 5.50 ± 1.26 0.807 0.735 

Intimacy 6.00 ± 0.83 6.00 ± 0.79 0.726 0.839 

Naturalness 6.00 ± 1.15 6.00 ± 1.05 0.772 0.713 

Behaviour 5.75 ± 0.99 5.50 ± 1.02 0.707 0.365 

Reasoning 5.50 ± 1.38 6.00 ± 1.34 0.760 0.173 

Total 5.75 ± 1.38 5.80 ± 1.09 0.811 0.810 
Note: Data was right-skewed; using median values. 

Table 2. HSPQ scores 

 

NMQ: This questionnaire also used a 7-point Likert scale like in HSPQ. 2 questions in the empathy scale 

were corrected for reverse coding. No significant differences were found between the conditions. 

Scales No haptics Haptics Cronbach’s alpha p-value 

Empathy 5.25 ± 1.15 5.31 ± 1.55 0.923 0.624 

Mutual 

Understanding 

6.00 ± 0.84 6.02 ± 0.95 0.958 0.723 

Total 5.63 ± 0.99 5.67 ± 1.24 0.942 0.847 
Note: Data was right-skewed; using median values. 

Table 3. NMQ scores 
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9.3 EMOTION STATE 

Emotion states were measured before watching the video (entry) and after finishing the conversation 

task (exit). A 7-point Likert scale was used (not at all to an extreme amount). The responses were 

recoded from 0 to 6 since “1” corresponds to not at all. Cronbach alpha for the entry and exit emotion 

questionnaire scored 0.899 and 0.835, respectively. 

A basic comparison between entry and exit questionnaires showed that sadness and grief are the two 

main emotions that are seen after the task. This was anticipated since the videos watched by the 

participants contain elements of death, hardships, or grief and therefore elicit feelings of sadness or 

grief. However, across the two conditions, haptics has reduced scores of both sadness and grief. 

 

       

Figure 23. Before-after emotion comparison 

To further analyse the difference in emotions, a difference in differences model [106] was applied to 

measure the jump in emotions before and after the experiment for each condition. Fig. 2 shows the 

jump in emotions between haptic and no-haptic conditions along with the difference in jumps. Upon 

measuring the jump, it was seen that sadness had a reduced score of 0.5 but grief had no difference. 

However, participants also felt less scared and wanted in the haptic condition but felt more worried. 
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Figure 24. Jump in emotions between conditions 

9.4 USER EXPERIENCE QUESTIONNAIRE 

The analysis of UEQ was done as per the instructions of its authors. Pragmatic quality refers to the 

practicality of the setup and hedonic quality refers to the aesthetic features of the setup. Table 1 

shows the pragmatic, hedonic, and overall scores of the setups. The authors interpret scores above 

0.8 as a positive evaluation. Also, scores outside the range of -2 to +2 are considered highly unlikely 

Therefore, it is evident that both setups received quite a positive evaluation. 

Scales Haptic No-haptic 

Pragmatic quality 1.59 1.75 

Hedonic quality 1.74 0.91 

Overall 1.67 1.33 

Table 4. Setup scores 

Furthermore, the authors also provide a benchmark to compare the setup with the results of other 

(468 at the time of making this thesis [107]) studies. However, the benchmark data has been 

extrapolated from the full UEQ since short UEQ is relatively new (published in 2017). Therefore, the 

benchmark provides a first rough estimation. Fig. 2 and 3 represent the benchmark for haptic and no-

haptic setups, respectively. Both setups have received quite a positive benchmark score, with the only 

difference in the hedonic quality between haptic and no-haptic setups. The haptic setup scored 1.74 

whereas the no-haptic setup scored 0.91. Overall, the no-haptic setup received a Good benchmark 

whereas the haptic setup was benchmarked as Excellent. Appendix E contains the individual item 

scores for both setups. 
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Figure 25. Haptic setup benchmark 

 

Figure 26. No-haptic setup benchmark 
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10 DISCUSSION 

From Oct 2021 to May 2022, an explorative study was conducted. The study was inspired by social 

distancing protocol in the COVID-19 pandemic which meant people were not allowed to be near each 

other. Therefore, people in affective relationships, such as friends, family, or romantic partners were 

not allowed to socially touch each other unless they were in the same household. However, similar 

situations arise in people in long-distance relationships, under hospitalization, isolation, and 

quarantine. Mediated social touch could help in such a scenario, allowing people to touch each other 

remotely via the internet. 

10.1 RESULTS 

10.1.1 Social Presence results 

For this study, two measures of social presence were used: Networked Minds Questionnaire [108], 

and Holistic Social Presence Questionnaire [109]. According to the followed methodology, social 

presence results yielded inconclusive results. Participants did not perceive a significant difference in 

social presence between conditions in either measure. However, both conditions received a score 

greater than 5. This positive score could be the effect of using a life-size view of the partner [110]–

[112] which is present in both conditions. A similar study by Alvarez et al. reached similar inconclusivity 

for social presence [94]. This could point towards novelty effect as another main argument for no 

significant difference between conditions. The setup (TV or sleeve/mannequin) could possibly draw 

the participant’s attention from the conversation and therefore break the feeling of non-mediation 

necessary for social presence [113]. 

10.1.2 Emotion state results 

In order to see if the participants were successful in comforting each other during the conversation 

task, the emotion state was measured. A basic before-after comparison of each condition revealed 

that the participants felt feelings of sadness, grief, and worry more than any other emotion. Across 

the two conditions, haptics has reduced scores of both sadness and grief (Fig. 23 Haptics) when 

compared to no-haptic (Fig. 23 No-haptics). This was an anticipated difference since with haptics, 

participants could communicate via touch which is better suited to comfort someone in distress 

[29,45]. 

Due to a limitation in methodology, a video*conversation effect was measured. Section 12 discusses 

it in detail. To counteract this effect, the difference in differences model was used. Figure 24 shows 

the jump in emotions before and after the experiment. It was seen that participants felt less sad, 

scared, and wanting in the haptic condition than in the no-haptic condition. This can be attributed to 

the comforting touch action present only in the haptic condition. However, the feelings of worry 

among participants in the haptic condition were higher than in the no-haptic condition. Participants 

apparently felt more worried. This was unexpected. Another unexpected effect was grief. Differences 

in grief were expected to be higher but it turned out to be similar in both conditions. 
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10.1.3 User Experience results 

User Experience Questionnaire was included to perceive how the user feels about the setup. Table 4 

shows the scores for the pragmatic and hedonic quality of the setup. It was seen that for the setup 

that included the mannequin arm and haptic sleeve, the overall score was 1.67 whereas, for the no-

haptic setup, it was 1.33. This was an unexpected outcome. Originally, it was anticipated that users 

might feel that the sleeve was distracting and therefore, disturbing to the experience. Haptic sleeves 

are not a household item, therefore it was reasonable to assume that when participants interacted 

with it they might get distracted by the vibrations. However, the users favoured the haptic setup. 

On a closer investigation, it can be seen that the pragmatic quality of the haptic setup scored lesser 

than the no-haptic setup (haptic=1.59, no-haptic=1.75), but the difference in hedonic quality scores 

of the haptic and no-haptic setup is quite huge (haptic=1.74, no-haptic=0.91). Figures 25 and 26, show 

that the pragmatic quality of haptic setup was benchmarked as Good but that of no-haptic setup was 

Excellent. A potential reason could be that participants found the haptic system too complex to be 

practical for daily life since a no-haptic setup involves just a big TV screen which is much easier to set 

up. Furthermore, figures 25 and 26, also show that for hedonic quality, the haptic setup was 

benchmarked as Excellent but for no-haptic setup, it was just Above Average. This means that the 

participants enjoyed the haptic interaction a lot. But it could be due to the novelty effect caused by 

the haptic sleeve itself. Another reason could be that the participants might be used to MS Teams, 

and therefore do not find it as attractive as the entire haptic setup.  

These results show that there is a high likability for the haptic setup which is quite novel for the 

participants, but further research is required on the design and practicality of the setup. 

10.2 ANSWERING THE RESEARCH QUESTIONS 

In this thesis, several topics were discussed to answer the following research question: 

How does a vibrotactile sleeve affect the perception of presence with the other during remote 

communication in affective relationships? 

To answer this question, sub-questions have been formulated (see section 1.1). This section discusses 

the answer to these sub-questions, connects it to relevant sections, and finally answers the main 

question. 

What is meant by perception of presence? 

Perception of presence has been explained in section 5.1. Perception of presence or social presence 

is defined as the judgement of perception of the other partner [74]. In simple terms, it means up to 

what level can a person judge their ability to feel the other in the same virtual environment. The virtual 

environment may be something as elaborate as a virtual world or even as simple as a video call. 

How to measure the perception of presence? 

Section 8.4 explains how social presence is measured. Holistic social presence questionnaire measures 

the quality of experience of mediated social presence. It measures the quality of experience from a 
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bi-directional (self and other) perspective of the user. Networked minds questionnaire measures the 

psychological involvement in social presence through its empathy and mutual understanding scales. 

What is the state of the art in vibrotactile sleeves? 

Section 6 is devoted to answering this question. Technologies from both tactile and kinaesthetic were 

studied. It was seen that vibrotactile devices using coin ERM motors are suitable for haptic sleeves. 

Among the devices that use coin ERM motors, the bespoke vibrotactile sleeve from the University of 

Twente was chosen to be a part of this study since it is very flexible, customizable, and lightweight. 

How does this setup affect people in terms of social presence? 

Section 11.2.1 discusses the effect of the setup on social presence. It was seen that there was no 

significant effect found between haptic and no-haptic conditions. The data yielded inconclusive 

results. However, the scores of social presence in both conditions were above 5 suggesting that social 

presence was indeed affected, but the reason why it was affected is inconclusive. Based on the 

discussion, the possible reasons could be: 1) the life-size view of the partner increased the overall 

social presence score, 2) haptic interaction draws the participant’s attention, which breaks immersion 

and in turn reduces the score. 

What added effect does the vibrotactile sleeve bring to the remote communication?  

Based on the emotion state results seen in section 11.2.2, it can be said that the vibrotactile sleeve 

was successful in providing a comforting feeling to its user. At the start of the experiment, the 

participants were shown a video of sad nature, following which they had a conversation about sad 

personal events. By the end of the experiment, participants in the haptic condition had lesser scores 

for feelings of sadness, scared, and wanting. Therefore, this sleeve could be useful for future studies 

related to mediated touch and empathy.  

How does a vibrotactile sleeve affect the perception of presence with the other during remote 

communication in affective relationships? 

Participants of this study were pairs of individuals who are in affective relationships with each other. 

The results suggest that, while there is a positive effect of the vibrotactile sleeve perceived by the user 

during a remote communication, nothing can be said for social presence since the results are 

inconclusive. The positive effects are related to participants feeling comforted and the overall user 

experience of the setup. More study and research is required to further determine the effect on social 

presence. 
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11 LIMITATIONS AND LESSONS 

Despite an experiment being conducted in a controlled environment, there arise some limitations 

related to the lack of literature, availability of state-of-the-art devices, researcher error in 

methodology, or some random worldly factor that is impossible to control. These limitations may 

possibly negatively influence the results. For future research, these limitations could serve as 

guidelines on what to do and what not to do. Likewise, this experiment had several limitations. This 

section shall outline what these limitations were and discuss their implications on the results. 

Network delays – The experiment used two laptops to run MS Teams. These laptops were 

connected to the same router. VideoLAT was used to measure the network latency for Teams. Figure 

27 shows that the audio-video latency was ~360ms. A similar test for measuring haptic response 

delay saw a delay of ~200ms. According to the international telecommunication union, a 400 ms 

mouth-to-ear delay causes many users to be dissatisfied with the experience [114]. Tam et al. [115] 

state that under 500ms, users have a slightly negative effect on naturalness due to this delay. Before 

the experiment, measures were taken to reduce the latency, but they failed to prove useful. 

 

Figure 27. VideoLAT results 

Lack of video recording – For the sake of participant privacy, video recording was not considered 

necessary. This however came with a trade-off. No video recordings meant no possibility to analyse 

non-verbal communication. Non-verbal information could have been useful to understand how the 

participants interacted with the system, whether they conversed naturally, with gestures, or showed 

emotions. It could also have shown if the quality of the video call dropped or how they reacted to the 

haptic interaction. All the interaction happened behind closed doors which meant the participants 

were comfortable discussing whatever they felt but nothing else except the questionnaire data was 

accessible. Therefore, video recordings are essential in such an experiment since it provides plenty of 

non-verbal information. 
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Indication by knock – Another issue due to a lack of video recording was the indication by knocking. 

To make sure the participants interact with the system at least twice during the experiment, 

participants in the room with the mannequin arm were indicated to touch it. The indication was a 

knock on the door. However, since there was no way to listen or see which would be a perfect moment 

to indicate the participant to touch, two indications were given at 5-minute intervals. This method is 

not accurate as it can be that a knock can occur at a seemingly random time and the participant is 

forced to touch the other when it is completely inappropriate. It can also be that the knock is not 

heard by the participant A solution could be that the participants are free to touch whenever they feel 

like it, and the resulting haptic interactions could be logged through a program. The interaction would 

now be analysed through the logged data. Doing so could eliminate the need for knock and the 

interaction would now be more natural. 

Various videos – To simulate a scenario where the participants provide comforting touch, videos were 

shown that consisted of elements of death, grief, or hardship. This was done to induce sadness among 

participants. Video stimuli are proved to be better at inducing sadness [98] and the selected videos 

(Table 1) were all proved to induce sadness [99]. However, there were five different selected videos 

which were shown to the participant cyclically (Pair 1,6,11 – video 1, pair 2,7,12 - video 2, …). This 

added a big random effect since the videos are all different and their effects could be different across 

participants. To make the experiment feasible, the effect of all five of these videos was assumed to be 

the same. This is a rather delicate assumption. The best scenario would be to show just 1 video to all 

participants. 

Video*conversation effect – 2 questionnaires, one before watching the video and the other after the 

conversation task were recorded. The first questionnaire contained the emotion scale and the second 

contained emotion, social presence, and user experience scales. The effect of emotion measured was 

over the whole course of the task, which was video*conversation. This meant the questionnaire data 

recorded the effects of conversation compounded by the video. This also meant any comforting 

interaction whether haptic or no-haptic that occurred during the conversation task was compounded 

by the video. Therefore, the social presence measured was the effect of video*conversation and not 

just conversation. A solution would be to add an intermediary questionnaire that measures emotion 

after the video was watched and before the conversation starts. 

Video echoes – Participants were given tablets on which they could watch the video. The audio setup 

was managed carefully such that there were no echoes from both sides. However, when they watched 

the video, the audio echoed and the participants either reduced their volume or used their personal 

headphones. This might have caused unwanted irritation and emotional changes in the participants. 

It is important to note that the videos could not be shown on the TV screen due to two reasons – 1) 

participants should be able to always see each other to not break immersion, 2) any movement on the 

screen caused the title bar and teams menu to reappear which meant the participants cannot see 

each other in full screen anymore. A solution here would be to provide a pair of headphones to the 

participants. 
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Uneven gender pair combination – Table 2 shows the gender pair distribution of the participants. It 

can be seen that the participants between haptic and no-haptic were not evenly distributed for each 

pair. 

Pair type Sender of Touch Haptic No-haptic 

Male-Male Male 4 3 

Female-Female Female 1 2 

Female-Male Female 2 3 

Male-Female Male 4 3 

Table 5. Gender pair distribution 

Novel technology – Haptic sleeves are not a widely used technology. Therefore, novelty effect could 

play a role. Participants could be enthralled by the sleeve and the arm such that it would become 

distracting whenever they interact with the haptic setup. Such a distraction could cause a break in 

immersion. Participants were given 5-10 minutes to try out the system and get used to it. However, it 

might not have been enough. 
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12 CONCLUSION 

 

This report has shown that a major issue related to the absence of touch interaction in mediated 

communication exists, the effects of which were exacerbated due to social distancing, long-distance 

relationships, or isolation. Research in mediated touch technologies has shown a promise in alleviating 

such issues but it is still in its infancy. Every day, more people use remote communication and even 

other haptic devices are developed. Therefore, this gives researchers a better opportunity to study, 

develop, and validate these devices concerning mediated social touch, emotion, and presence. Doing 

so is a necessity to avoid another iteration of touch starvation in the future, ultimately improving the 

quality of life. 

This study tries to answer if and how people perceive the presence of their partners in remote 

communication when using a vibrotactile sleeve. Studying various literature helped understand the 

context of this study further, mainly – why touch is essential in a social scenario, how to mediate social 

touch, the significance of social touch in comforting someone, what is social presence and how does 

it play a role in mediated communication. The setup and interaction were designed based on certain 

criteria. It included a bespoke vibrotactile sleeve that was used to emulate touch. Since people are 

more comfortable talking with others whom they know well, only pairs of close friends, partners or 

family will be invited for the study. Social presence will be measured along with the emotional state 

of the participants and user experience. 

22 pairs of individuals participated in the study. These pairs were individuals who are in affective 

relationships with each other. The results of this experiment reveal that there is a positive overall 

effect of the vibrotactile sleeve during mediated communication. However, social presence data 

yielded inconclusive results. Therefore, nothing can be said about the effect of a vibrotactile sleeve on 

social presence. The positive effects are related to emotion state and the overall user experience of 

the participants. The sleeve was able to provide comforting touch to the participants. Positive overall 

user experience scores in both conditions suggest that participants liked the life-size view of each 

other. These results show that there is a high likability for the haptic setup which is quite novel for the 

participants, but further research is required on the design and practicality of the setup. As such, the 

limitations and lessons learnt from this study are drawn which could be helpful for future research. 

Finally, it can be concluded that a lot of research still needs to be done in the field of mediated social 

touch. The outcomes of this study could serve as a stepping stone for future research.  
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SUMMARY 

 

The onset of social distancing due to COVID-19 caused touch starvation in individuals. This study also 

saw that social distancing and isolation are one of the bases of pandemic prevention that have been 

used in other situations as well [11]. Although it proves to be useful, it takes a huge toll on certain 

individuals starving them of touch. People are denied interaction through an intimate form which, 

research shows, could lead to neurodevelopmental and cognitive delays [13,14], higher depression 

scores [6]–[8], increased physiological stressors such as blood pressure, breathing rate, etc. [10]. 

Research shows social touch is a method to tackle this problem (section 4). This thesis studied how a 

body reacts to social touch in terms of its psychological and physiological effects on the body. Despite 

the observable effects on the body, it was also seen that the context of that touch played a major role 

in the immediate response to social touch. Social touch varied depending on the toucher’s 

characteristics as well as the situational factors [45]. Figure 2 summarizes the potential psychosocial 

and contextual factors that affect the touch response. Furthermore, the effect of social touch with 

empathy was investigated. It was clearly seen that social touch had a positive effect on empathy, 

acting as an analgesic [48]. In combination, these effects evidenced the positive nature of social touch 

in providing a healing effect, provided the subjects were touched in socially acceptable places (see Fig. 

3). Forearms were observed to be the common region where people in affective relationships such as 

friends, family or romantic partners are allowed to touch [51]. 

This thesis also discussed the various types of touches seen in real social interaction (section 4.5) and 

how to mediate it through technology (section 3). Therein the use of haptics, its various types and 

affective haptics were discussed. Affective haptics deal with haptic devices that can be used in the 

context of emotions [21]. They have been proved useful to treat depression [22], act as an assistive 

system for children with autism [23] and have also been used in health applications [24]. Such devices 

could also be useful in comforting someone while being far away [28,116]. 

Section 5 discusses social connectedness and its effects on humans. It was found that social 

connectedness is linked to the ability to understand others, participate in social activity, and feel 

empathy. This thesis also discusses social presence and the difference between social connectedness 

and presence. Social presence relates to the judgement of perception of others whereas social 

connectedness relates to the emotions evoked due to the other’s presence. This difference strongly 

suggests focusing on presence for this study as it seems more relevant to the present scenario. 

Among the different types of haptics studied in section 6, vibrotactile devices, specifically coin ERMs 

were deemed suitable for this study due to their technological maturity, availability, and bulkiness. 

Furthermore, various other state-of-the-art vibrotactile sleeves were studied on their use case, 

functionality, and results. It was seen that the bespoke vibrotactile sleeve was suitable for this study 

due to its advantages. 

To conduct the study with participants, a setup is required to be designed and constructed. The design 

process was divided into designing the setup and designing the interaction. For designing the setup, 

the following decisions were taken: 
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• Corner table – A regular table with edges 

• Video call software – MS Teams 

• Life-size view – 46-inch portrait TV with a TV stand 

• Eye contact – Camera with gooseneck hung from top of TV at eye-level 

• Background continuation – 2 identical-looking office spaces with white background 

• Directional sound – 2 angled speakers behind the TV 

For designing the interaction,  

• Visible limb – Mannequin arm 

• Patting/Holding touch – Easily programmable 

• Out-of-view touch – Place arm near edge of table 

Section 8, the methodology section describes the events and timeline of the experiment and the 

stimulus (Table 1) that would be shown to the participants. It also includes a description of the 

participants. Section 8.3 explains the procedure of the experiment and how it will be conducted. 

Section 8.4 explains the various questionnaires that shall be used to record the responses of the 

participants. Since the participants are not being recorded in any form, there is no way to determine 

when the participants do (not) interact using the mannequin arm. Therefore, a knock was determined 

a viable way of notifying the participants to interact with the mannequin arm. This ensures, that the 

participants do interact with the haptic setup. 

Section 10 discusses the results of the experiment provided in section 9. The results of social presence 

were deemed inconclusive because of the insignificant difference between haptic and no-haptic 

conditions. However, both conditions scored high, which suggested a positive effect of using a life-size 

view of the partner [110]–[112]. A basic before-after comparison in each condition revealed that 

haptics has reduced scores of both sadness and grief (Fig. 23 Haptics) when compared to no-haptic 

(Fig. 23 No-haptics). This was anticipated because touch is better suited to comforting someone in 

distress [29,45]. Figure 24 explains the jump in emotions before and after the experiment. It showed 

a negative jump in sadness, scared, and wanting in the haptic condition than in the no-haptic 

condition. The results for user experience showed that users liked both the setups but there is a higher 

likability for the haptic setup. Figure 25 and 26 shows a user experience benchmark of the setup. 

Finally, section 10.2 answers the research questions of this study. The limitations and lessons learned 

from this study are addressed in section 11. The limitations were related to network delays, 

methodology issues, and novelty effects. 

In conclusion, this thesis provides a basis for measuring social presence using mediated social touch. 

The lessons learnt from this study could prove useful for future research.  

  

 

 

 

  



48 

 

REFERENCES 

 

[1] K. A. N. D. S. C. Elmer Timon AND Mepham, “Students under lockdown: Comparisons of 

students’ social networks and mental health before and during the COVID-19 crisis in 

Switzerland,” PLOS ONE, vol. 15, no. 7, pp. 1–22, May 2020, doi: 

10.1371/journal.pone.0236337. 

[2] R.-H. Liang, K.-C. Tseng, M.-Y. Lee, and C.-Y. Cheng, “Social Radio: Designing Everyday Objects 

for Social Interaction with Ambient Form,” Jan. 2009. 

[3] A. Haans and W. IJsselsteijn, “Mediated social touch: a review of current research and future 

directions,” Virtual Reality, vol. 9, no. 2, pp. 149–159, 2006, doi: 10.1007/s10055-005-0014-2. 

[4] J. Suvilehto et al., “Cross-cultural similarity in relationship-specific social touching,” 

Proceedings of the Royal Society B: Biological Sciences, vol. 286, p. 20190467, Apr. 2019, doi: 

10.1098/rspb.2019.0467. 

[5] R. Mikkola, “Touch in Different Cultures,” Mar. 27, 2021. 

https://www.rebekkamikkola.com/post/touch-in-different-cultures (accessed May 30, 2022). 

[6] A. Trafton, “A hunger for social contact,” MIT News Office, Nov. 23, 2020. 

[7] J. B. F. van Erp and A. Toet, “Social Touch in Human–Computer Interaction,” Frontiers in Digital 

Humanities, vol. 2, 2015, doi: 10.3389/fdigh.2015.00002. 

[8] J. Durkin, D. Jackson, and K. Usher, “Touch in times of COVID-19: Touch hunger hurts,” Journal 

of Clinical Nursing, vol. 30, no. 1–2, pp. e4–e5, 2021, doi: https://doi.org/10.1111/jocn.15488. 

[9] I. Morrison, L. Loken, and H. Olausson, “The Skin as a Social Organ,” Experimental brain 

research. Experimentelle Hirnforschung. Expérimentation cérébrale, vol. 204, pp. 305–314, May 

2009, doi: 10.1007/s00221-009-2007-y. 

[10] A. Benisek, “Touch Starvation: What to Know,” WebMD, Apr. 19, 2021. 

[11] A. Connor, “Touch in the age of Ebola,” Nursing Outlook, vol. 63, no. 1, pp. 25–26, 2015, doi: 

https://doi.org/10.1016/j.outlook.2014.11.016. 

[12] K. Floyd, “Relational and Health Correlates of Affection Deprivation,” Western Journal of 

Communication, vol. 78, pp. 383–403, May 2014, doi: 10.1080/10570314.2014.927071. 

[13] H. T. Chugani, M. E. Behen, O. Muzik, C. Juhász, F. Nagy, and D. C. Chugani, “Local Brain 

Functional Activity Following Early Deprivation: A Study of Postinstitutionalized Romanian 

Orphans,” Neuroimage, vol. 14, no. 6, pp. 1290–1301, 2001, doi: 

https://doi.org/10.1006/nimg.2001.0917. 

[14] C. Nelson, “A Neurobiological Perspective on Early Human Deprivation,” Child Development 

Perspectives, vol. 1, pp. 13–18, May 2007, doi: 10.1111/j.1750-8606.2007.00004.x. 



49 

 

[15] C. Beckett et al., “Do the Effects of Early Severe Deprivation on Cognition Persist Into Early 

Adolescence? Findings From the English and Romanian Adoptees Study,” Child Development, 

vol. 77, no. 3, pp. 696–711, 2006, doi: https://doi.org/10.1111/j.1467-8624.2006.00898.x. 

[16] M. A. Gupta, A. K. Gupta, and G. N. Watteel, “Perceived deprivation of social touch in psoriasis 

is associated with greater psychologic morbidity: an index of the stigma experience in 

dermatologic disorders.,” Cutis, vol. 61 6, pp. 339–42, 1998. 

[17] M. A. Gupta, A. K. Gupta, N. J. Schork, and G. N. Watteel, “Perceived touch deprivation and 

body image: some observations among eating disordered and non-clinical subjects,” Journal of 

Psychosomatic Research, vol. 39, no. 4, pp. 459–464, 1995, doi: https://doi.org/10.1016/0022-

3999(94)00146-V. 

[18] R. Blenkinsopp, “ What is Haptics?,” Ultraleap, Jun. 10, 2019. 

https://www.ultraleap.com/company/news/blog/what-is-haptics (accessed May 30, 2022). 

[19] S. D. Laycock and A. M. Day, “Recent Developments and Applications of Haptic Devices,” 

Computer Graphics Forum, vol. 22, no. 2, pp. 117–132, 2003, doi: 

https://doi.org/10.1111/1467-8659.00654. 

[20] Interhaptics, “What is haptics?,” Interhaptics. interhaptics.com/explore/what-is-haptics 

(accessed May 30, 2022). 

[21] M. A. Eid and H. al Osman, “Affective Haptics: Current Research and Future Directions,” IEEE 

Access, vol. 4, pp. 26–40, 2016, doi: 10.1109/ACCESS.2015.2497316. 

[22] L. Bonanni and C. Vaucelle, “A framework for haptic psycho-therapy,” depression and anxiety, 

vol. 12, p. 24, 2006. 

[23] D. and A. M. and L. J. Changeon Gwénaël and Graeff, “Tactile Emotions: A Vibrotactile Tactile 

Gamepad for Transmitting Emotional Messages to Children with Autism,” in Haptics: 

Perception, Devices, Mobility, and Communication, 2012, pp. 79–90. 

[24] C. Vaucelle, L. Bonanni, and H. Ishii, “Design of Haptic Interfaces for Therapy,” in Proceedings 

of the SIGCHI Conference on Human Factors in Computing Systems, 2009, pp. 467–470. doi: 

10.1145/1518701.1518776. 

[25] K. Huang et al., “Mobile Music Touch: Mobile Tactile Stimulation for Passive Learning,” in 

Proceedings of the SIGCHI Conference on Human Factors in Computing Systems, 2010, pp. 791–

800. doi: 10.1145/1753326.1753443. 

[26] J.-C. and A. M. Gaffary Yoren and Martin, “Haptic Expressions of Stress During an Interactive 

Game,” in Haptics: Neuroscience, Devices, Modeling, and Applications, 2014, pp. 266–274. 

[27] M. Chen, D. Katagami, and K. Nitta, “An experimental investigation of haptic interaction in 

online negotiation,” in 2010 World Automation Congress, 2010, pp. 1–6. 

[28] J. N. Bailenson, N. Yee, S. Brave, D. Merget, and D. Koslow, “Virtual Interpersonal Touch: 

Expressing and Recognizing Emotions Through Haptic Devices,” Human–Computer Interaction, 

vol. 22, no. 3, pp. 325–353, Aug. 2007, doi: 10.1080/07370020701493509. 



50 

 

[29] S. E. Jones and A. E. Yarbrough, “A naturalistic study of the meanings of touch,” Communication 

Monographs, vol. 52, no. 1, pp. 19–56, Mar. 1985, doi: 10.1080/03637758509376094. 

[30] A. Haans and W. A. IJsselsteijn, “The Virtual Midas Touch: Helping Behavior After a Mediated 

Social Touch,” IEEE Transactions on Haptics, vol. 2, no. 3, pp. 136–140, 2009, doi: 

10.1109/TOH.2009.20. 

[31] C. J. Cascio, D. Moore, and F. McGlone, “Social touch and human development,” 

Developmental Cognitive Neuroscience, vol. 35, pp. 5–11, 2019, doi: 

https://doi.org/10.1016/j.dcn.2018.04.009. 

[32] A. Vallbo, H. Olausson, J. Wessberg, and U. Norrsell, “A system of unmyelinated afferents for 

innocuous mechanoreception in the human skin,” Brain Research, vol. 628, no. 1, pp. 301–304, 

1993, doi: https://doi.org/10.1016/0006-8993(93)90968-S. 

[33] H. Olausson, J. Wessberg, I. Morrison, F. McGlone, and Å. Vallbo, “The neurophysiology of 

unmyelinated tactile afferents,” Neuroscience & Biobehavioral Reviews, vol. 34, no. 2, pp. 185–

191, 2010, doi: https://doi.org/10.1016/j.neubiorev.2008.09.011. 

[34] R. Ackerley, H. Olausson, J. Wessberg, and F. McGlone, “Wetness perception across body sites,” 

Neuroscience Letters, vol. 522, no. 1, pp. 73–77, 2012, doi: 

https://doi.org/10.1016/j.neulet.2012.06.020. 

[35] A. P. Georgopoulos, “Functional properties of primary afferent units probably related to pain 

mechanisms in primate glabrous skin,” Journal of Neurophysiology, vol. 39, no. 1, pp. 71–83, 

Jan. 1976, doi: 10.1152/jn.1976.39.1.71. 

[36] H. Olausson et al., “Unmyelinated tactile afferents signal touch and project to insular cortex,” 

Nature Neuroscience, vol. 5, no. 9, pp. 900–904, 2002, doi: 10.1038/nn896. 

[37] V. Gazzola, M. L. Spezio, J. A. Etzel, F. Castelli, R. Adolphs, and C. Keysers, “Primary 

somatosensory cortex discriminates affective significance in social touch,” Proceedings of the 

National Academy of Sciences, vol. 109, no. 25, pp. E1657–E1666, 2012, doi: 

10.1073/pnas.1113211109. 

[38] I. Gordon, A. C. Voos, R. H. Bennett, D. Z. Bolling, K. A. Pelphrey, and M. D. Kaiser, “Brain 

mechanisms for processing affective touch,” Human Brain Mapping, vol. 34, no. 4, pp. 914–

922, 2013, doi: https://doi.org/10.1002/hbm.21480. 

[39] A. Gentsch, E. Panagiotopoulou, and A. Fotopoulou, “Active Interpersonal Touch Gives Rise to 

the Social Softness Illusion,” Current Biology, vol. 25, no. 18, pp. 2392–2397, 2015, doi: 

https://doi.org/10.1016/j.cub.2015.07.049. 

[40] L. Peled-Avron, P. Goldstein, S. Yellinek, I. Weissman-Fogel, and S. G. Shamay-Tsoory, “Empathy 

during consoling touch is modulated by mu-rhythm: An EEG study,” Neuropsychologia, vol. 

116, pp. 68–74, 2018, doi: https://doi.org/10.1016/j.neuropsychologia.2017.04.026. 

[41] P. Goldstein, I. Weissman-Fogel, and S. G. Shamay-Tsoory, “The role of touch in regulating 

inter-partner physiological coupling during empathy for pain,” Scientific Reports, vol. 7, no. 1, 

p. 3252, 2017, doi: 10.1038/s41598-017-03627-7. 



51 

 

[42] S. Ebisch, F. Ferri, and V. Gallese, “Touching moments: desire modulates the neural anticipation 

of active romantic caress,” Frontiers in Behavioral Neuroscience, vol. 8, 2014, doi: 

10.3389/fnbeh.2014.00060. 

[43] A.-K. Kreuder et al., “How the brain codes intimacy: The neurobiological substrates of romantic 

touch,” Human Brain Mapping, vol. 38, no. 9, pp. 4525–4534, 2017, doi: 

https://doi.org/10.1002/hbm.23679. 

[44] D. Scheele et al., “An Oxytocin-Induced Facilitation of Neural and Emotional Responses to 

Social Touch Correlates Inversely with Autism Traits,” Neuropsychopharmacology, vol. 39, no. 

9, pp. 2078–2085, 2014, doi: 10.1038/npp.2014.78. 

[45] A. Saarinen, V. Harjunen, I. Jasinskaja-Lahti, I. P. Jääskeläinen, and N. Ravaja, “Social touch 

experience in different contexts: A review,” Neuroscience & Biobehavioral Reviews, vol. 131, 

pp. 360–372, 2021, doi: https://doi.org/10.1016/j.neubiorev.2021.09.027. 

[46] J. A. Coan, H. S. Schaefer, and R. J. Davidson, “Lending a Hand: Social Regulation of the Neural 

Response to Threat,” Psychological Science, vol. 17, no. 12, pp. 1032–1039, 2006, doi: 

10.1111/j.1467-9280.2006.01832.x. 

[47] J. Kraus et al., “Soothing the emotional brain: modulation of neural activity to personal 

emotional stimulation by social touch,” Social Cognitive and Affective Neuroscience, vol. 14, 

no. 11, pp. 1179–1185, Nov. 2019, doi: 10.1093/scan/nsz090. 

[48] P. Goldstein, S. G. Shamay-Tsoory, S. Yellinek, and I. Weissman-Fogel, “Empathy Predicts an 

Experimental Pain Reduction During Touch,” The Journal of Pain, vol. 17, no. 10, pp. 1049–

1057, 2016, doi: https://doi.org/10.1016/j.jpain.2016.06.007. 

[49] K. M. Grewen, B. J. Anderson, S. S. Girdler, and K. C. Light, “Warm Partner Contact Is Related 

to Lower Cardiovascular Reactivity,” Behavioral Medicine, vol. 29, no. 3, pp. 123–130, Jan. 

2003, doi: 10.1080/08964280309596065. 

[50] J. L. Edens, K. T. Larkin, and J. L. Abel, “The effect of social support and physical touch on 

cardiovascular reactions to mental stress,” Journal of Psychosomatic Research, vol. 36, no. 4, 

pp. 371–381, 1992, doi: https://doi.org/10.1016/0022-3999(92)90073-B. 

[51] J. Suvilehto, G. Enrico, D. R. I. M, H. Riitta, and N. Lauri, “Topography of social touching depends 

on emotional bonds between humans,” Proceedings of the National Academy of Sciences, vol. 

112, no. 45, pp. 13811–13816, Nov. 2015, doi: 10.1073/pnas.1519231112. 

[52] C. DiSalvo, F. Gemperle, J. Forlizzi, and E. Montgomery, “The Hug: an exploration of robotic 

form for intimate communication,” in The 12th IEEE International Workshop on Robot and 

Human Interactive Communication, 2003. Proceedings. ROMAN 2003., 2003, pp. 403–408. doi: 

10.1109/ROMAN.2003.1251879. 

[53] D. Tsetserukou, “HaptiHug: A Novel Haptic Display for Communication of Hug over a Distance,” 

in Haptics: Generating and Perceiving Tangible Sensations, 2010, pp. 340–347. 



52 

 

[54] J. K. S. Teh, Z. Tsai, J. T. K. v Koh, and A. D. Cheok, “Mobile implementation and user evaluation 

of the Huggy Pajama system,” in 2012 IEEE Haptics Symposium (HAPTICS), 2012, pp. 471–478. 

doi: 10.1109/HAPTIC.2012.6183833. 

[55] E. Y. Zhang, A. D. Cheok, S. Nishiguchi, and Y. Morisawa, “Kissenger: Development of a Remote 

Kissing Device for Affective Communication,” 2016. doi: 10.1145/3001773.3001831. 

[56] A. D. Cheok, “An Instrument for Remote Kissing and Engineering Measurement of Its 

Communication Effects Including Modified Turing Test,” IEEE Open Journal of the Computer 

Society, vol. 1, pp. 107–120, 2020, doi: 10.1109/OJCS.2020.3001839. 

[57] D. Gooch and L. Watts, “YourGloves, Hothands and Hotmits: Devices to Hold Hands at a 

Distance,” in Proceedings of the 25th Annual ACM Symposium on User Interface Software and 

Technology, New York, NY, USA: Association for Computing Machinery, 2012, pp. 157–166. 

[Online]. Available: https://doi.org/10.1145/2380116.2380138 

[58] H. Nakanishi, K. Tanaka, and Y. Wada, “Remote Handshaking: Touch Enhances Video-Mediated 

Social Telepresence,” in Proceedings of the SIGCHI Conference on Human Factors in Computing 

Systems, 2014, pp. 2143–2152. doi: 10.1145/2556288.2557169. 

[59] H. Hashimoto and S. Manoratkul, “Tele-Handshake through the Internet,” in Proceedings 5th 

IEEE International Workshop on Robot and Human Communication. RO-MAN’96 TSUKUBA, 

1996, pp. 90–95. doi: 10.1109/ROMAN.1996.568767. 

[60] R. Wang, F. Quek, J. K. S. Teh, A. D. Cheok, and S. R. Lai, “Design and Evaluation of a Wearable 

Remote Social Touch Device,” 2010. doi: 10.1145/1891903.1891959. 

[61] E. Eichhorn, R. Wettach, and E. Hornecker, “A Stroking Device for Spatially Separated Couples,” 

in Proceedings of the 10th International Conference on Human Computer Interaction with 

Mobile Devices and Services, 2008, pp. 303–306. doi: 10.1145/1409240.1409274. 

[62] G. Huisman, A. Darriba Frederiks, B. van Dijk, D. Hevlen, and B. Kröse, “The TaSSt: Tactile sleeve 

for social touch,” in 2013 World Haptics Conference (WHC), 2013, pp. 211–216. doi: 

10.1109/WHC.2013.6548410. 

[63] T. Yonezawa, H. Yamazoe, and S. Abe, “Physical contact using haptic and gestural expressions 

for ubiquitous partner robot,” in 2013 IEEE/RSJ International Conference on Intelligent Robots 

and Systems, 2013, pp. 5680–5685. doi: 10.1109/IROS.2013.6697179. 

[64] A. Cekaite and M. Kvist Holm, “The Comforting Touch: Tactile Intimacy and Talk in Managing 

Children’s Distress,” Research on Language and Social Interaction, vol. 50, no. 2, pp. 109–127, 

Apr. 2017, doi: 10.1080/08351813.2017.1301293. 

[65] C. Dodge, “The Bed: A Medium for Intimate Communication,” in CHI ’97 Extended Abstracts on 

Human Factors in Computing Systems, 1997, pp. 371–372. doi: 10.1145/1120212.1120439. 

[66] J.-J. Cabibihan and S. S. Chauhan, “Physiological Responses to Affective Tele-Touch during 

Induced Emotional Stimuli,” IEEE Transactions on Affective Computing, vol. 8, no. 1, pp. 108–

118, 2017, doi: 10.1109/TAFFC.2015.2509985. 



53 

 

[67] G. Huisman, “Social touch technology: extending the reach of social touch through haptic 

technology,” University of Twente, 2017. doi: 10.3990/1.9789036543095. 

[68] A. Chang, S. O’Modhrain, R. Jacob, E. Gunther, and H. Ishii, “ComTouch: Design of a Vibrotactile 

Communication Device,” in Proceedings of the 4th Conference on Designing Interactive 

Systems: Processes, Practices, Methods, and Techniques, 2002, pp. 312–320. doi: 

10.1145/778712.778755. 

[69] D. T. van Bel, K. C. H. J. Smolders, W. A. IJsselsteijn, and Y. A. W. de Kort, “Social connectedness: 

concept and measurement,” in Intelligent Environments 2009, IOS Press, 2009, pp. 67–74. 

[70] R. Lee and S. Robbins, “Measuring Belongingness: The Social Connectedness and the Social 

Assurance Scales,” Journal of Counseling Psychology, vol. 42, pp. 232–241, Apr. 1995, doi: 

10.1037/0022-0167.42.2.232. 

[71] Y. Wei, “Sense you in TeleTouch : designing mediated social touch in asynchronous 

communication.” Jan. 2022. [Online]. Available: http://essay.utwente.nl/89393/ 

[72] J. Short, E. Williams, and B. Christie, The social psychology of telecommunications. London : 

Wiley, 1976. [Online]. Available: http://lib.ugent.be/catalog/rug01:000424961 

[73] F. Biocca and C. Harms, “Defining and measuring social presence: Contribution to the 

networked minds theory and measure,” Proceedings of PRESENCE, vol. 2002, pp. 1–36, 2002. 

[74] R. Rettie, “Connectedness, Awareness and Social Presence,” Jul. 2008. 

[75] C. S. Oh, J. N. Bailenson, and G. F. Welch, “A Systematic Review of Social Presence: Definition, 

Antecedents, and Implications,” Frontiers in Robotics and AI, vol. 5, 2018, doi: 

10.3389/frobt.2018.00114. 

[76] K. M. Lee, Y. Jung, J. Kim, and S. R. Kim, “Are physically embodied social agents better than 

disembodied social agents?: The effects of physical embodiment, tactile interaction, and 

people’s loneliness in human–robot interaction,” International Journal of Human-Computer 

Studies, vol. 64, no. 10, pp. 962–973, 2006, doi: https://doi.org/10.1016/j.ijhcs.2006.05.002. 

[77] B. J. Fogg and H. Tseng, “The Elements of Computer Credibility,” in Proceedings of the SIGCHI 

Conference on Human Factors in Computing Systems, 1999, pp. 80–87. doi: 

10.1145/302979.303001. 

[78] K. Hassanein and M. Head, “Manipulating perceived social presence through the web interface 

and its impact on attitude towards online shopping,” International Journal of Human-Computer 

Studies, vol. 65, no. 8, pp. 689–708, 2007, doi: https://doi.org/10.1016/j.ijhcs.2006.11.018. 

[79] R. Geen and B. Bushman, “The arousing effects of social presence.,” Jan. 1989. 

[80] Ultraleap, “STRATOS Explore,” Ultraleap. https://www.ultraleap.com/product/stratos-

explore/ (accessed May 30, 2022). 



54 

 

[81] Engineering Product Design, “ What is Haptic feedback and technology?,” Engineering Product 

Design. https://engineeringproductdesign.com/knowledge-base/haptic-feedback-and-

technology/ (accessed May 30, 2022). 

[82] Engineering Product Design, “Guide to Haptic actuators in product design – Haptic actuators & 

types,” Engineering Product Design. https://engineeringproductdesign.com/knowledge-

base/haptic-actuators/ (accessed May 30, 2022). 

[83] Precision Microdrives, “Coin Vibration Motors,” Precision Microdrives. 

https://www.precisionmicrodrives.com/coin-vibration-motors (accessed May 30, 2022). 

[84] Precision Microdrives, “Eccentric Rotating Mass Vibration Motors – ERMs,” Precision 

Microdrives. https://www.precisionmicrodrives.com/eccentric-rotating-mass-vibration-

motors-erms (accessed May 30, 2022). 

[85] Precision Microdrives, “Linear Resonant Actuators,” Precision Microdrives. 

https://www.precisionmicrodrives.com/linear-resonant-actuators-lras (accessed May 30, 

2022). 

[86] H2W Tech, “Understanding the Basics of a Voice Coil Actuator,” H2W Technologies, Mar. 27, 

2018. https://www.h2wtech.com/blog/what-is-a-voice-coil-actuator (accessed May 30, 2022). 

[87] H2W Tech, “Voice Coil Actuators vs. Solenoids: What is the difference?,” H2W Technologies, 

Oct. 22, 2015. https://www.h2wtech.com/blog/voice-coil-actuators-vs-solenoids (accessed 

May 30, 2022). 

[88] bHaptics, “Tactosy for Arms,” bHaptics. https://www.bhaptics.com/tactsuit/tactosy-for-arms 

(accessed May 30, 2022). 

[89] M. Carroll and C. Yildirim, “The Effect of Body-Based Haptic Feedback on Player Experience 

During VR Gaming,” in Virtual, Augmented and Mixed Reality, 2021, pp. 163–171. 

[90] Elitac, “ Emotion Whisperer Haptic Sleeve,” Elitac wearables. 

https://elitacwearables.com/projects/emotion-whisperer-haptic-feedback-sleeve/ (accessed 

May 30, 2022). 

[91] S. Dogger, “Portfolio: The Emotion Whisperer.” 

https://www.simondogger.nl/emotionwhisperer.html (accessed May 30, 2022). 

[92] TNO, “How Social XR (Extended Reality) reduces distances,” TNO. 

https://www.tno.nl/en/focus-areas/information-communication-technology/roadmaps/fast-

open-infrastructures/social-xr-extended-reality/ (accessed May 30, 2022). 

[93] Honus, “How to Make Air Muscles!,” Instructables. https://www.instructables.com/How-to-

make-air-muscles!/ (accessed May 30, 2022). 

[94] M. Alvarez, A. Toet, H. Stokking, and S. Dijkstra, “Virtual visits: UX evaluation of an AR-based 

video communication tool,” TNO, 2022. 



55 

 

[95] W. Sophie and W. Thalia, “Eye contact marks the rise and fall of shared attention in 

conversation,” Proceedings of the National Academy of Sciences, vol. 118, no. 37, p. 

e2106645118, Sep. 2021, doi: 10.1073/pnas.2106645118. 

[96] K. Harmon, “The Brain Adapts in a Blink to Compensate for Missing Information,” Scientific 

American, Jul. 15, 2009. www.scientificamerican.com/article/brain-adapts-in-a-blink/ 

(accessed Jun. 08, 2022). 

[97] Calculator.net, “Sample Size Calculator,” calculator.net. https://www.calculator.net/sample-

size-calculator.html?type=1&cl=95&ci=15&pp=50&ps=&x=65&y=18 (accessed Jun. 01, 2022). 

[98] E. Siedlecka and T. F. Denson, “Experimental Methods for Inducing Basic Emotions: A 

Qualitative Review,” Emotion Review, vol. 11, no. 1, pp. 87–97, Mar. 2018, doi: 

10.1177/1754073917749016. 

[99] A. Maffei and A. Angrilli, “E-MOVIE - Experimental MOVies for Induction of Emotions in 

neuroscience: An innovative film database with normative data and sex differences,” PLOS 

ONE, vol. 14, no. 10, p. e0223124, 2019, [Online]. Available: 

https://doi.org/10.1371/journal.pone.0223124 

[100] K. Diconne, G. K. Kountouriotis, A. E. Paltoglou, A. Parker, and T. J. Hostler, “Presenting KAPODI 

– The Searchable Database of Emotional Stimuli Sets,” Emotion Review, vol. 14, no. 1, pp. 84–

95, Jan. 2022, doi: 10.1177/17540739211072803. 

[101] O. Luminet, P. Bouts, F. Delie, A. S. R. Manstead, and B. Rimé, “Social sharing of emotion 

following exposure to a negatively valenced situation,” Cognition and Emotion, vol. 14, no. 5, 

pp. 661–688, Sep. 2000, doi: 10.1080/02699930050117666. 

[102] A. Toet, T. Mioch, S. N. B. Gunkel, C. Sallaberry, J. B. F. van Erp, and O. Niamut, “Holistic Quality 

Assessment of Mediated Immersive Multisensory Social Communication ,” 17th EuroVR 

International Conference, EuroVR 2020 . Springer , pp. 209-215  BT-Virtual Reality and 

Augmented Reali, Oct. 27, 2020. doi: 10.1007/978-3-030-62655-6_13. 

[103] F. Biocca, C. Harms, and J. Gregg, “The Networked Minds Measure of Social Presence: Pilot Test 

of the Factor Structure and Concurrent Validity,” 4th annual International Workshop on 

Presence, Philadelphia, Jan. 2001. 

[104] C. Harmon-Jones, B. Bastian, and E. Harmon-Jones, “The Discrete Emotions Questionnaire: A 

New Tool for Measuring State Self-Reported Emotions,” PLOS ONE, vol. 11, no. 8, p. e0159915, 

Aug. 2016. 

[105] M. Schrepp, A. Hinderks, and J. Thomaschewski, “Design and Evaluation of a Short Version of 

the User Experience Questionnaire (UEQ-S),” International Journal of Interactive Multimedia 

and Artificial Intelligence, vol. 4, p. 103, Jan. 2017, doi: 10.9781/ijimai.2017.09.001. 

[106] The World Bank, “Difference-in-Differences,” The World Bank. 

https://dimewiki.worldbank.org/Difference-in-Differences (accessed Jun. 13, 2022). 



56 

 

[107] M. Schrepp, “User Experience Questionnaire Data Analysis Tool (UEQ-S),” User Experience 

Questionnaire. Dec. 31, 2019. Accessed: Jun. 28, 2022. [Online]. Available: https://www.ueq-

online.org/Material/Handbook.pdf 

[108] F. Biocca, C. Harms, and J. Gregg, “The Networked Minds Measure of Social Presence: Pilot Test 

of the Factor Structure and Concurrent Validity,” 4th annual International Workshop on 

Presence, Philadelphia, Jan. 2001. 

[109] A. Toet, T. Mioch, S. N. B. Gunkel, C. Sallaberry, J. B. F. van Erp, and O. Niamut, “Holistic Quality 

Assessment of Mediated Immersive Multisensory Social Communication,” 17th EuroVR 

International Conference, EuroVR 2020. Springer, pp. 209--215 BT-- Virtual Reality and 

Augmented Reali, 2020. doi: 10.1007/978-3-030-62655-6_13. 

[110] W. Ijsselsteijn, H. Ridder, J. Freeman, S. Avons, and D. Bouwhuis, “Effects of Stereoscopic 

Presentation, Image Motion, and Screen Size on Subjective and Objective Corroborative 

Measures of Presence,” Presence Teleoperators &amp Virtual Environments, vol. 10, pp. 298–

311, Jun. 2001, doi: 10.1162/105474601300343621. 

[111] M. LOMBARD, “Direct Responses to People on the Screen: Television and Personal Space,” 

Communication Research, vol. 22, no. 3, pp. 288–324, Jun. 1995, doi: 

10.1177/009365095022003002. 

[112] D. Ahn et al., “The effects of actual human size display and stereoscopic presentation on users’ 

sense of being together with and of psychological immersion in a virtual character,” 

Cyberpsychol Behav Soc Netw, vol. 17, no. 7, pp. 483–487, Jul. 2014, doi: 

10.1089/cyber.2013.0455. 

[113] M. Lombard and T. Ditton, “At the Heart of It All: The Concept of Presence,” Journal of 

Computer-Mediated Communication, vol. 3, no. 2, p. JCMC321, Sep. 1997, doi: 10.1111/j.1083-

6101.1997.tb00072.x. 

[114] ITU-T G.Supplement 39, “Series G: Transmission Systems And Media, Digital Systems And 

Networks,” ITU-T G-series Recommendations – Supplement 39, vol. 39, 2016. 

[115] J. Tam, E. Carter, S. Kiesler, and J. Hodgins, “Video increases the perception of naturalness 

during remote interactions with latency,” in CHI’12 Extended Abstracts on Human Factors in 

Computing Systems, 2012, pp. 2045–2050. 

[116] A. Gallace and C. Spence, “The science of interpersonal touch: An overview,” Neuroscience and 

Biobehavioral Reviews, vol. 34, no. 2. 2010. doi: 10.1016/j.neubiorev.2008.10.004. 

  

  



57 

 

APPENDIX 

A DEVICE SUMMARY 

Device Area of 

effect 

Type of 

Haptic 

Interaction 

type 

Advantages Disadvantages 

TaSST Forearm Vibrotactile Poke, Hit, 

Press, 

Squeeze, Rub, 

Stroke 

2-way 

communication 

Bulky, High part 

complexity, 1 

prototype 

available  

bHaptics 

Tactosy 

Lower 

forearm 

Vibrotactile Hit, Rumble Easy to set up, 

wireless 

Limited 

programming 

options 

Elitac 

Emotion 

Sleeve 

Full arm Vibrotactile Taps, Strokes Wide variety of 

interaction 

patterns 

Very specific use 

case, Dependent 

on an app and 

smart glasses 

Vibration 

sleeve 

Forearm Vibrotactile Stroke, Pat Adjustable, 

Programmable, 

lightweight 

Specific use case, 

1 prototype 

available 

Ultrahaptics Palm, Foot 

sole 

Ultrasonic Stroke, Poke, 

Rub, Pat 

Contactless 

touch, Not a 

wearable 

Expensive, 

Heavy, User 

training required 

Elitac-manus 

glove 

Hand Vibrotactile Hit, Press,  Programmable, 

multiple contact 

points 

High part 

complexity 

McKibben 

actuator 

Forearm Kinaesthetic Press, 

Squeeze, Hold  

Provides a light 

force for touch 

Bulky, Loud, High 

part complexity 
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B DESIGN ITERATIONS 

Design iterations contains the different design decisions and iterations that were done regarding the 

audio setup, camera placement, and TV placement. 

Audio setup 

Various ways were tried to focus the audio on the user. 
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Camera Placement 

The camera should be at the eye level but should not distract the user. 
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TV Placement 

Comfortable viewing angle for a corner table 
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C QUESTIONNAIRE 

 

Start of Entry Questionnaire 

 

I1 

Hello! Thank you for participating in my experiment. 

This questionnaire is divided into 2 sections. The first section consists of one question that you answer 

before doing the experiment. You must do the second section after the experiment and it consists of 

four subsections. 

All the instructions are provided in this questionnaire itself but in case of any issues please contact 

me. Remember, you can choose to stop the experiment at any point of time. 

Good luck!           

Note: All questions are mandatory 

  

Participant ID (ex: pc992, pe631) 

____________________________ 
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EQ1 To what extent are you feeling these emotions right now? 

 
Not at all 

(1) 
Slightly (2) 

Somewhat 

(3) 

Moderately 

(4) 

Quite a bit 

(5) 

Very much 

(6) 

An 

extreme 

amount (7) 

Sad (1)  o  o  o  o  o  o  o  

Grief (2)  o  o  o  o  o  o  o  

Worry (3)  o  o  o  o  o  o  o  

Dread (4)  o  o  o  o  o  o  o  

Nervous 

(5)  o  o  o  o  o  o  o  

Empty (6)  o  o  o  o  o  o  o  

Lonely (7)  o  o  o  o  o  o  o  

Anxiety (8)  o  o  o  o  o  o  o  

Scared (9)  o  o  o  o  o  o  o  

Fear (10)  o  o  o  o  o  o  o  

Wanting 

(11)  o  o  o  o  o  o  o  
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I2  

Please proceed to watch the video. 

You can access the video in the Gallery (bottom of home screen). If you can't see the video in the app, 

press the 3 horizontal bars on top-left of screen and select 'Videos'.   

Please continue to the next section only after watching the video. 

 

I3  

After you watched the video, you can now have a conversation with your experiment partner. 

You must talk about events that made you feel sad. This can be any event from your personal 

experience that made you feel sad. For example, a loss of a loved one, a tragic accident, natural 

disaster, unmet expectations, over stress, etc. 

You can use the prompts from the paper in front of you, if you have trouble describing the event. 

Although you do not have to stick to the prompts. Use whatever language you feel comfortable to 

talk. 

Take up to 15 minutes to complete the conversation. If you feel there is nothing more to speak then 

you can proceed to the next section.  

Press next once you finish the task. 

 

I4 

Make sure you have finished the task before proceeding to the next section. 

 

 

End of Entry Questionnaire   
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Start of Exit Questionnaire 

 

XQ1  

Part ¼ 

Please answer the following questions with respect to how you and your partner seem to see, hear, 

feel each other without any restrictions or distortions 

 

Strongly 

disagree 

(1) 

Disagree 

(2) 

Somewhat 

disagree 

(3) 

Neutral 

(4) 

Somwehat 

agree (5) 

Agree 

(6) 

Strongly 

agree (7) 

I have direct 

contact with the 

other person. (1)  
o  o  o  o  o  o  o  

I feel engaged 

with the other 

person. (2)  
o  o  o  o  o  o  o  

The other person 

appear natural to 

me. (3)  
o  o  o  o  o  o  o  

I can interact with 

the other person 

in a natural 

manner. (4)  

o  o  o  o  o  o  o  

The other person 

affects my 

thinking as in 

normal life. (5)  

o  o  o  o  o  o  o  

The other person 

appear to have 

direct contact 

with me. (6)  

o  o  o  o  o  o  o  

The other person 

appear to feel 

engaged with me. 

(7)  

o  o  o  o  o  o  o  
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I seem to appear 

natural to the 

other person(s).  

(8)  

o  o  o  o  o  o  o  

The other person 

interact with me 

in a natural 

manner. (9)  

o  o  o  o  o  o  o  

I appear to affect 

the thinking of 

the other person 

as in normal life. 

(10)  

o  o  o  o  o  o  o  

When I was sad, 

the other was 

also sad.  (11)  
o  o  o  o  o  o  o  

When the other 

was sad, I was 

also sad.  (12)  
o  o  o  o  o  o  o  

The other 

individual was 

influenced by my 

moods.  (13)  

o  o  o  o  o  o  o  

I was influenced 

by my partner’s 

moods.  (14)  
o  o  o  o  o  o  o  

The other’s mood 

did NOT affect my 

mood/emotional-

state.  (15)  

o  o  o  o  o  o  o  

My mood did 

NOT affect the 

other’s 

mood/emotional 

state.  (16)  

o  o  o  o  o  o  o  
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My opinions were 

clear to the other.  

(17)  
o  o  o  o  o  o  o  

The opinions of 

the other were 

clear.  (18)  
o  o  o  o  o  o  o  

My thoughts 

were clear to my 

partner.  (19)  
o  o  o  o  o  o  o  

The other 

individual’s 

thoughts were 

clear to me.  (20)  

o  o  o  o  o  o  o  

The other 

understood what 

I meant.  (21)  
o  o  o  o  o  o  o  

I understood 

what the other 

meant.  (22)  
o  o  o  o  o  o  o  
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XQ2  

Part 2/4 

 

While undergoing the emotional experience, e. g., viewing the video, having the conversation, etc., to 

what extent did you experience these emotions? 

 
Not at all 

(1) 
Slightly (2) 

Somewhat 

(3) 

Moderately 

(4) 

Quite a bit 

(5) 

Very much 

(6) 

An 

extreme 

amount (7) 

Sad (1)  o  o  o  o  o  o  o  

Grief (2)  o  o  o  o  o  o  o  

Worry (3)  o  o  o  o  o  o  o  

Dread (4)  o  o  o  o  o  o  o  

Nervous 

(5)  o  o  o  o  o  o  o  

Empty (6)  o  o  o  o  o  o  o  

Lonely (7)  o  o  o  o  o  o  o  

Anxiety (8)  o  o  o  o  o  o  o  

Scared (9)  o  o  o  o  o  o  o  

Fear (10)  o  o  o  o  o  o  o  

Wanting 

(11)  o  o  o  o  o  o  o  
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XQ3  

Part 3/4 

 

Select the option from the range that best describes how you experienced the setup. 

 1 2 3 4 5 6 7  

Obstructive o  o  o  o  o  o  o  Supportive 

Complicated o  o  o  o  o  o  o  Easy 

Inefficient o  o  o  o  o  o  o  Efficient 

Confusing o  o  o  o  o  o  o  Clear 

Boring o  o  o  o  o  o  o  Exciting 

Not 
interesting o  o  o  o  o  o  o  Interesting 

Conventional o  o  o  o  o  o  o  Inventive 

Usual o  o  o  o  o  o  o  Leading 
edge 
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I5  

Part 4/4 

 

The following questions are related to demographics. These are mandatory since it helps understand 

how the effect of this experiment varies for different demographics. 

Please choose the option that best suits you. 

 

XQ4 What is your age? 

________________________________________________________________ 

 

 

XQ5 What is your gender? 

o Male  (1)  

o Female  (2)  

o Non-binary / third gender  (3)  

o Others  (4)  

 

 

End of exit questionnaire 
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D CONVERSATION PROMPT 

Take up to 15 minutes to complete the task. Use whatever language you are comfortable to talk. 

Describe an event that made you feel sad. This can be any event from your personal experience that 

made you feel sad. For example, a loss of a loved one, a tragic accident, natural disaster, unmet 

expectations, over stress, etc. 

Below are certain prompts that you can use if you think you need to elaborate more. You can choose 

not to follow the prompts as well. Talk whatever you want to about the event. 

- When it was? 

- What and/or how it happened? 

- What did you feel when it happened? 

- Where were you then? 

- Who was involved? 

- What happened next? 

- How do you feel about it now?  
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E USER EXPERIENCE SCORES 

No haptics 

Scale Subscale Negative Positive Mean Evaluation 

Pragmatic 

Quality 

Dependability Obstructive Supportive 1.3 ± 1.5 Positive 

Perspicuity Complicated Easy 1.9 ± 1.3 Positive 

Efficiency Inefficient Efficient 1.6 ± 1.7 Positive 

Perspicuity Confusing Clear 2.3 ± 0.9 Positive 

Hedonic 

Quality 

Stimulation Boring Exciting 1.2 ± 1.3 Positive 

Stimulation Not interesting Interesting 1.5 ± 1.4 Positive 

Novelty Conventional Inventive 0.7 ± 1.5 Neutral 

Novelty Usual Leading edge 0.2 ± 1.6 Neutral 

 

Haptics 

Scale Subscale Negative Positive Mean Evaluation 

Pragmatic 

Quality 

Dependability Obstructive Supportive 1.4 ± 1.3 Positive 

Perspicuity Complicated Easy 1.7 ± 1.7 Positive 

Efficiency Inefficient Efficient 1.3 ± 1.2 Positive 

Perspicuity Confusing Clear 2.0 ± 1.2 Positive 

Hedonic Quality Stimulation Boring Exciting 1.6 ± 1.0 Positive 

Stimulation Not interesting Interesting 2.0 ± 1.0 Positive 

Novelty Conventional Inventive 2.0 ± 1.0 Positive 

Novelty Usual Leading edge 1.3 ± 0.9 Positive 

 

 


	Acknowledgement
	Abstract
	Table of Contents
	1 Introduction
	1.1 Research Questions

	2 Touch Starvation
	3 Mediated touch
	3.1 Affective haptics

	4 Social Touch
	4.1 Physiological and psychological effects of Social Touch
	4.2 Context of social touch
	4.3 Social Touch and Empathy
	4.4 What body locations are suitable for social touch?
	4.5 Types of touch

	5 Social Connectedness
	5.1 Social presence
	5.2 Significance of SP

	6 State of the Art
	6.1 Vibrotactile technologies
	6.1.1 Eccentric rotating mass (ERM)
	6.1.2 Linear resonant actuator (LRA)
	6.1.3 Voice coil motor (VCM)
	6.1.4 Piezoelectric transducers (PZT)
	6.1.5 Solenoid actuator

	6.2 State-of-the-art vibrotactile sleeves
	6.2.1 The TaSST device
	6.2.2 bHaptics Tactosy
	6.2.3 Elitac whisperer haptic sleeve
	6.2.4 Bespoke vibrotactile sleeve

	6.3 Tested haptics
	6.3.1 Ultraleap STRATOS
	6.3.2 Elitac-Manus sleeve
	6.3.3 McKibben actuator

	6.4 Conclusion

	7 Setup design
	7.1 Designing the setup
	7.2 Designing the interaction

	8 Methodology
	8.1 Participants
	8.2 Stimuli
	8.3 Procedure
	8.3.1 Condition 1: Regular video call
	8.3.2 Condition 2: Video call with haptic setup

	8.4 Questionnaire
	8.4.1 Holistic social presence questionnaire (HSPQ)
	8.4.2 Networked minds measure of social presence (NMQ)
	8.4.3 Discrete Emotions Questionnaire (DEQ)
	8.4.4 Short User Experience Questionnaire (UEQ-S)
	8.4.5 Demographics

	8.5 Timeline of events

	9 Results
	9.1 Demographics
	9.2 Social presence
	9.3 Emotion state
	9.4 User Experience Questionnaire

	10 Discussion
	10.1 Results
	10.1.1 Social Presence results
	10.1.2 Emotion state results
	10.1.3 User Experience results

	10.2 Answering the research questions

	11 Limitations and Lessons
	12 Conclusion
	Summary
	References
	Appendix
	A Device summary
	B Design iterations
	C Questionnaire
	D Conversation Prompt
	E User Experience Scores


