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Abstract 

Current video chat systems such as Skype afford high quality of auditory and 

visual information by allowing users to communicate anytime and anywhere. 

However, affectionate touch which plays an important role in child social-

emotional development is filtered out of the process during video 

conversation. In order to address this issue, this thesis explores the quality 

of thermal stimulation as a metaphor for physical intimacy in remote 

interaction between parents and child through a prototyping approach to fully 

understand potential benefits and experiences of thermal messages in 

interpersonal communication. The findings from a qualitatively focused 

methodological approach describe how the users appropriate the thermal 

wearable communication system and experience heat cues. My analysis 

reveals values of thermal information in interpersonal communication and 

suggests how future thermal applications could be designed to augment 

distant communication patterns in parent-child relationship. 

Keywords:  Wearable Technology, remote communication, child 
development, interpersonal touch 
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Chapter 1.    
 
Introduction 

The scenario describes common challenges that parents encounter 

when they have a video chat session with their young child (Ames, Go, Kaye 

& Spasojevic, 2010). Although a video call enables parents to share daily 

experience with their child from almost any location, physical interaction 

which facilitates “effective communication” and child development is still 

absent during a video conversation (Teh et al., 2008). In this thesis, I 

discuss the role of physical interaction, touch, and thermal expression in 

parent-child communication as well as emotional and cognitive development 

of young child. To ameliorate remote communication between parents and 

child, I present a feasible alternative to delivering interpersonal touch as 

thermal expression in a form of wearable technology. 

An active and outgoing seven-year-old girl, Cindy, lives in a typical family; 
her parents both work full time jobs. Her father works the standard nine to five 
hours but her mom is a shift worker so Cindy doesn't have much time to spend with 
her mother; when Cindy comes home after school, her mother goes to work and 
when Cindy goes to sleep, her mother comes home. To remedy this they use a video 
chat system to communicate with each other. However, they often face technical 
issues in setting up and executing the programs to have a conversation. In addition 
to the technical issues, because of Cindy's young age it is difficult for her to focus on 
the video chat for an extended period of time. Above all else, the most prominent 
issue for them is that sharing emotional moments and conveying physical intimacy 
are impractical through video conversations alone. 

– Scenario 1 

asd 

asd 

-   ㄴㅇㅁㄴ-ㄴ 
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1.1.  Motivation 

As modern society become more competitive, an increasing number of 

employees experience frequent overtime and business trips or even extra 

shifts. Naturally, this causes fewer opportunities to have conversations 

among family members. Statistics Canada’s General Social Survey revealed 

that almost 30 percentages of employed Canadians worked shifts in 2005. 

According to recent Statistics Canada's main socio-economic database 

(2015), an approximate population of 2.9 million people employed in Canada 

worked beyond standard working hours every week in 2011. The more time 

employed parents devote to their work, the less time they are able to spend 

with their children. A survey conducted by the Office of National Statistics in 

the UK in 2006 showed that typical working parents engage with their 

children on average for only 19 minutes per day (as cited in Gill, Nicola, 

Morgan & Reid, 2013). 

Video-Mediated Communication (VMC) system such as Skype or 

Apple’s FaceTime is a prevalent medium that allows parents and children to 

share their daily experience regardless of time or location. The VCM system 

delivers non-verbal information such as facial expression and body gestures 

by providing high quality of auditory and visual cues. Therefore, numerous 

research projects aimed to enrich synchronous remote communication 

between parents and children have involved the VCM system. Judge, 

Neustaedter, Harrison and Blose (2011) explored the design of VMC system 

in the form of a domestic media space to connect remote households with an 

always-on video link. Through semi-structured interviews, they demonstrated 

that the always-on video connection in their media spaces support the family 

members to feel more connected by showing every moment of their daily 

activities. The previous investigation on VMC systems also indicate the 

potential benefits of using video chat for remote families to enhance their 
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identity as a family as well as improve their family values (Ames, Go, Kaye & 

Spasojevic, 2010).  

Nonetheless, technical problems frequently interfere vide conversation. 

Ames, Go, Kaye and Spasojevic (2010) found 70% of families that 

coordinated a video call experienced technical difficulties including unstable 

Internet connections, video lagging and applications crashing. In addition, it 

may be challenging for younger children to initiate and concentrate on a 

video chat session with only auditory and visual cues (Yarosh, Tang, Mokashi 

& Abowd, 2013). Nakashige, Kobayashi, Suzuki, Tamaki and Higashino 

(2009) claimed that limited information in remote communication may bring 

out “incomplete communication and misunderstanding,” which potentially 

hinders parents and their young children from maintaining and developing a 

strong familial bond. 

Most importantly, physical intimacy that plays a vital role in social, 

emotional, and intellectual development for the children is filtered out of the 

process while using video chat systems. Field (2010) highlighted that a lack 

of affectionate touch from nurturing caregivers impedes the cognitive growth 

of young children; even to the extent which causes children's depression and 

violence. From the observation of young children commonly exposed to touch 

deprivation in institutional care, MacLean (2003) found that the deprived 

children are below average on cognitive abilities as compared to same age 

groups of children who grow up in nurturing families. What is more, 

expressing physical affection from parents toward a child is essential to build 

and reinforce a sense of trust and bond. Craig and Muller (2007) argued that 

the levels of intimacy in a relationship are likely to be increased by affiliative 

social behaviour like “touch”.  

Thermal sensation is one of important cutaneous senses as well as 

sensory modalities which produce the impression of touch (James & 

Augustine, 2007). Neumann (2007) elucidated that warmth given by skin to 
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skin interaction stimulates the release of the stress relief hormone, oxytocin, 

which plays a key role in modulating emotional responses that contribute to 

social trust. William ad Bargh (2008) insisted thermal sensation fortifies the 

feeling of psychological warmth and the formation of social bonds.  

However, most communication systems which afford physical presence 

for remote interaction are likely to provoke a sensory modality of vibration or 

pressure. Additionally, investigation on the usage of thermal expression as a 

communication channel for parents-child relationship is still scarce in the 

Human-Computer Interaction (HCI) research field. As a consequence, my 

research focuses on how the sensation of touch and warmth is able to 

provide an alternative way of augmenting current forms of parent-child 

remote communication such as VMC.  

1.2.  Research Goals and Questions 

My thesis explores the quality of thermal stimulation as a metaphor for 

physical intimacy in remote interaction between parents and child through a 

prototyping approach to fully understand potential benefits and experiences 

of thermal messages in interpersonal communication. The breadth of my 

thesis is encompassed in the research domain of interpersonal 

communication, specifically parents-child communication (Figure 1). By 

concerning the serious issues such as cognitive developmental delay brought 

by the absence of physical contact from a caregiver in remote interaction, my 

thesis focuses on one-way form of communication, parents to child, to gain 

an insight into child experiences and perspectives of thermal messages. 
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Figure 1.1. This thesis focuses on one-way distant communication 
between parents and child.  

 In order to describe subtle sensation of touch from the user over a 

long distance, I employ the prototyping method to wearable technology 

which can be embedded into garments and placed right next to skin. Drugge, 

Nilsson, Parviainen and Parnes (2004) argued that wearable technology has 

emerged as “a promising platform” to support physical presence in remote 

communication. Tendrils is an interactive kinetic wearable garment that 

successfully illustrates as well as responds to delicate movements of touch 

from the user at a distance (Schiphorst, Seo & Jaffe, 2010). Though some 

studies suggest that wearable technology could present physical metaphors 

of touch sensation to reinforce affective communication and contribute to 

sustain close social relationship, they focus on long distance romantic 

relationships instead of parents and children. 

An overarching goal of my thesis is therefore to investigate how 

thermal expression described by wearable technology can augment distant 

communication patterns in parent-child relationship. The thesis is guided by 

the following research questions:  
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1. How/When do parents utilize a thermal wearable communication 

system that transmits heat as a metaphor for physical intimacy to 

share connection with their child? 

2. How does a child sense the thermal feedback as a means to 

interpret a parent’s remote presence?  

3. What are the values or benefits of thermal feedback in remote 

communication system to interact with a child? 

1.3.  Methodological approach 

To address the research questions, I first designed a thermal wearable 

communication system which triggers temperature sensory modality as a 

representation of physical presence in remote interaction. The design of 

interactive wearable communication system is grounded on two primary 

design principles: thermal messages and the somaesthetic design framework. 

Exploring the design principles, I developed a pair of communication devices 

using a small mobile tangible application that senses a touch signal, and a 

wearable device generates thermal expression. The system was geared 

specifically towards children in the age group of 7 to 11 years that 

experience rapid progress in all areas of development and skills (Bennett, 

2014). This involved a sequence of design iterations.  

Then I evaluated the prototype employing a qualitatively focused 

methodological approach. The study consisted of semi-structured interviews, 

a field trial, diary study, and survey with four families including working 

parents and their children over a two-week period. Based on the data 

collected from semi-structured interviews, field trial and diary study, I 

implemented qualitative analysis coding to gain a better understanding of 

experiences and expectations on thermal messages in new thermal wearable 



 

7 

communication approach. Additionally, I utilized the questionnaire data, 

which was analyzed quantitatively to validate performance of the prototype. I 

elaborate detailed results and findings of the study in Chapter 5. 

1.4.  Overview of each chapter 

In Chapter 1, I introduce my thesis by describing research motivation, 

goals and questions. I briefly discuss my methodological approach to address 

my research questions.   

In Chapter 2, I review the background literature which provides a 

basis for the design and implementation of my prototype. Then I review 

related work that illustrates other concepts relevant to my research idea as 

well as outlines research gaps in the literature.   

In Chapter 3, I present design principles and development process of 

TouchMe, a prototype of thermal wearable communication system. I discuss 

a scenario in which I envision the future use of the new wearable interface in 

remote family communication. 

In Chapter 4, I provide a detailed description of my research through 

qualitatively focused methodology which is designed to evaluate and 

investigate experiences and potentials on thermal messages in the thermal 

wearable communication.   

In Chapter 5, I discuss the main findings of the study in the context of 

my research questions. Moreover, I examine some challenges that 

participants encountered while using the system.  

In Chapter 6, I identify design implications based on the findings to 

provide directions for future investigations and design. I also reflect upon my 
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study and discuss its limitations that might hinder the strengths of my 

analysis.  

In Chapter 7, I conclude my thesis by summarizing my research goals 

and contributions to this research field. I then discuss opportunities for future 

study of thermal wearable application to improve parent-child distant 

communication.   
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Chapter 2.    
 
Background Literature and Related Work 

This chapter is divided into four sections. In the first section, I 

thoroughly examine the background on the role of touch as physical 

behaviour in social interaction. Furthermore, I discuss touch as tactile sense 

from physiological study aspects to have a more complete understanding of 

how we experience touching and being touched by another person. This 

provides guidance to design key features of a prototype which describes the 

sensation of touch. In the next section, I highlight the significance of thermal 

sensation in interpersonal communication and present characteristics of the 

human thermal perception system. Then, I review how thermal sensation has 

been tackled by the HCI community, outlining some gaps between the 

current research on thermal application in HCI and my own study. Lastly, I 

review recent studies which explore the notion of touch by adopting the 

practice of wearable technology in the section of 2.4. Wearable Technology in 

HCI. It manifests a rationale for designing the form of thermal application in 

this thesis.  

2.1.  Touch 

2.1.1.   Touch as physical interaction 

As was defined by Barnett in his paper (2005), touch is the earliest 

and most fundamental physical interaction between individuals. Touch could 

be considered as a very simple means of non-verbal communication, but it is 
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indispensable for social interactions to express and convey psychological 

states in interpersonal relationships. A number of research studies have 

established that the act of touching the arm allows us to interpret the 

emotions of others in the absence of any cues (Field, 2010). In a study that 

observed how accurately strangers could infer discrete emotional states when 

their forearms were touched by another person, Hertenstein and his 

colleagues (2006) discovered that most of the participants used different 

types of touch to signal specific emotions and the person who received the 

different touch behaviours elicited the emotions with high accuracy rates 

ranged from 48% to 83%. This suggests that touch is an essential and 

powerful communication tool to evoke various emotions and have an 

immense impact on interpersonal relationships. In agreement with the 

argument made by Hertenstein et al., Grunwald (2008) mentioned that 

“Affectionate touch is an important immediacy behavior that reflects physical 

and psychological closeness and helps maintain relationships” (p. 157).  

Skin to skin contact, touch, between parents and children plays a 

critical role in facilitating psychological and social development of the child. 

Considerable research studies on infant development have revealed that a 

lack of touch from caregivers causes emotional, behavioral and social 

problems for children (Field, 2010). Grunwald (2008) asserted that 

insufficient maternal touch results in depressive symptoms including lethargy 

and self-harm, and the condition makes infants more vulnerable to infectious 

diseases leading to higher rates of illness or death. In an experiment by 

Harlow, Harlow and Hansen, infant monkeys being isolated and deprived of 

contact from their mothers were aggressive toward themselves and others 

(1963). More intriguingly, when the infant monkeys were given two different 

conditions in the cages; one was a wire form of mother with a milk bottle and 

the other was a wooden mother covered in soft and warm terrycloth without 

a milk bottle, they spent much more time clinging onto the cloth surrogate. 

This indicates that the desire for touch is stronger than basic needs such as 
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food, signifying the bond between parent and child could be more dependent 

on affectionate touch.  

2.1.2.   Touch as a sense  

Touch has also been referred to as one human sense which enables us 

to receive a wealth of information about both internal and external 

environments. Among all senses, it is the first to develop in a human fetus 

(Fitzgerald & Gibson, 1984). Indeed, the newborn explores and learns most 

of their world in the first few months “by touching” (Field, 2010). Unlike 

other senses such as vision and taste, it continuously and unconsciously 

informs us physical state of our bodies and impression of the surrounding 

objects; therefore, it has a huge influence on our perceptions (Hertenstein, 

Holmes & McCullough, 2006). Fulkerson (2014) argued that because the 

sense of touch is the cornerstone of experience it could be considered as the 

most dominant sensation that human possesses.  

The sense of touch originates in the skin which is the largest organ of 

the body (Field, 2010). The skin is composed of multiple layers that comprise 

extremely sensitive nerve cells termed touch receptors (Grunwald, 2008). 

The touch receptors are in charging of detecting a certain kind of touch 

sensations such as pressure, temperature and pain, and transmitting the 

tactile information to brain. In other words, our sensation and perception 

heavily rely on the activation of the receptors.  

Based on function, the receptors could be classified into three 

categories: mechanoreceptors, thermoreceptors and nociceptors (Purves et 

al., 2001). Mechanoreceptors are responsive to mechanical forces that can 

act upon the body such as pressure, vibrations and texture. Thermoreceptors 

perceive absolute and relative changes in temperature of objects and 

surfaces in contact with the skin ranged within the innocuous level. 
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Nociceptors are specialized for potentially damaging stimuli at the skin. They 

react extremes in pressure, temperature and injury-related chemicals. 

Even though each receptor has specific functions, it is infeasible to 

stimulate a single type of receptor from daily experience because a stimulus 

in the real world usually has disparate properties (Grunwald, 2008). 

Consequently, a variety of stimuli simultaneously trigger the different types 

of receptors which mediate the tactile perception. In particular, thermal 

sensation is the most challenging to obtain reliably (Grunwald, 2008). For 

example, when we hold a cup of hot coffee, mechanoreceptors distributed on 

the skin are responsive to the smooth surface of the cup and 

thermoreceptors are provoked by heat from the coffee. Grunwald (2008) 

added it is very ironic that all touch sensations blend “to be reproduced 

synthetically”.  

2.2.  Thermal sensation  

2.2.1.   Significance of thermal sensation 

Recent studies on neurophysiology have established that pleasant 

touch sensation typically involves light pressure as well as an average of 

normal body temperatures, 37°C (98.6°F). In 1990, Nordin uncovered one 

distinct type of nerve fibers known as C-tactile fibers from the touch 

receptors in human hairy skin, especially skin of the arms and legs. New 

research studies have identified that C-tactile fibers respond to light touch 

with human body temperature and release stress-reducing hormone called 

oxytocin that conveys a pleasant impression to our brain by decreasing blood 

pressure and heart rate (Nordin, 1990; Olausson et al., 2010; Vrontou et al., 

2013). Furthermore, Ackerley et al. (2014) demonstrated the C-tactile fibers 

are vigorously activated when the skin of the forearm is stroked at a neutral 

temperature as a typical body heat. The results of their study imply that 
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warm touch including a gentle caress on arms between individuals inhibits 

anxiety and stress and possibly brings out positive communication 

experience in intimate relationship. 

In fact, a previous research on the neurobiology of attachment 

proposed tactile temperature sensation is strongly associated with “the 

feeling of psychological warmth and trust” (Williams & Bargh, 2008). In the 

study, they found that participants who held a warm cup of coffee perceived 

a fictitious person as having positive characteristics such as more generous 

and caring compared to other participants who held the cold coffee. They 

acknowledged that “Warmth is the most powerful personality trait in social 

judgment” (p. 606). Meier, Schnall, Schwarz and Bargh (2012) described this 

phenomenon as "embodied cognition" which considers that feelings and 

behaviours are primarily grounded in sensory experiences of our bodies. 

Along similar lines, IJzerman and Semin (2009) advocated that experience of 

physical warmth promotes the perception of social proximity. Their findings 

from the study successfully illustrated that participants in warmer conditions 

became more interdependent and felt interpersonally closer to the 

experimenter than those in the colder places.   

A physical sensation of warmth accompanied by touch not only induces 

prosocial behaviour but also fosters emotional and social development of 

children. The study of Harlow et al. on infant monkeys has verified that 

physical warmth has an impact on aggression of the young (Harlow, Harlow 

& Hansen, 1963). Moreover, in a randomized study with 124 mother-infant 

pairs, Bystrova et al (2009) observed that early skin-to-skin contact or other 

warm touch after birth encourage "maternal sensitivity, child self-regulation, 

dyadic mutuality and reciprocity” in mother–infant interaction. Na, Xie, and 

Huang (2005) also reported warm tactile stimulation improves the physical 

health of infants by discussing significant growth in weight, length and head 

circumference. In harmony with this finding, a study on low birth weight 
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infants proved that effective infant massage initiating thermal sensation 

prevents the early delays in the development of their motor skills (Weiss, 

Wilson, & Morrison, 2004). 

2.2.2.   Feeling of warmth  

The sensation of warmth or coldness of objects in contact with the skin 

is predominantly subjective which differs from person to person because it 

could be experienced as “pure bodily states” (Schiff & Foulke, 1982). 

Although thermal sensation depends on physical condition, body parts or 

even personal preference, continuous exposure to a thermal stimulus, either 

warm or cool, causes adaptation to a temperature of the stimulus. That is to 

say, the temperature at which an object touching the skin is perceived as 

less intense or neither warm nor cool in a narrow temperature range over 

time, and it is called physiological zero (Bligh & Voigt, 2012).  

The skin adapts to the warm stimuli more rapidly than cold (Kroemer, 

2008). Slow temperature changes of thermal stimulus close to physiological 

zero might not elicit our sensation, and this occurs within a certain range 

which is defined as zone of neutrality. This range of temperature neutrality is 

different in parts of the body, but the neutrality zone of the forearms is 

usually between 31°C and 36°C. When a heat stimulus is about 42°C or 

above, it evokes not only a thermal sensation but also a feeling of pain 

(Tillman, Treede, Meyer & Campbell, 1995). Pain threshold is the point at 

which the body first noticed a stimulus as being painful (Kroemer, 2008). If 

the skin is exposed to temperature of a thermal stimulus similar to its own, 

we will experience physiological zero.  

As a rule, skin temperature is misconceived as body temperature. An 

average of normal body temperature is approximately 37°C (Kroemer, 

2008). The temperature of core organs, which are brain, heart and 

abdominal organs, need to stay at around 37°C. Thus, our bodies regulate to 
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maintain a constant body temperature through blood circulation and sweat 

evaporation, and the ability of body is termed thermoregulation (Bligh & 

Voigt, 2012). On the other hand, skin temperature refers to the heat 

measured on the surface of the skin of specific body parts (Kroemer, 2008). 

It varies in different regions of the body, but the temperature of the skin of 

the front trunk is approximately 33°C.  

For those particular properties of thermal sensation, exploiting 

temperature signals for communication purposes is relatively difficult 

(Kroemer, 2008). Nonetheless, he hypothesized in his book, “Fitting the 

Human: Introduction to Ergonomics”, that the strength of thermal sensation 

could be notably amplified within a precise range of temperature which is 

between a neutral skin temperature and below pain threshold where heat 

receptors are highly responsive. In addition to the well-defined temperature, 

triggering heat-sensitive nerve fibers dispersed in hairy parts of the skin such 

as arms and legs makes the thermal sensation much stronger (Kroemer, 

2008). 

2.3.  Thermal application in HCI  

Despite the fact that it is complicated to reconcile thermal sensation, 

lately a number of researchers have paid attention to thermal cues as an 

emotive communication channel in order to offer richer and more convincing 

information in HCI. Nam, Di, Borsodi and Mackay (2005) incorporated 

thermal feedback into a haptic interface appliance to provide a more 

“intuitive presence” in virtual worlds. They assessed the effectiveness of the 

thermal interface prototype by measuring response and recovery times to 

change the temperature of heat stimulus. Results from the preliminary study 

on the system performance revealed several technical issues like slow 

recovery times of the system, but it still showed potential practical uses of 

thermal output in HCI.  
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Wettach, Behrens, Danielsson and Ness (2007) explored three 

different levels of temperature (32°C, 37°C and 42°C) using a Peltier-based 

heat feedback apparatus to identify users' abilities and limitations of thermal 

perception for mobile interaction. Drawing on the idea, Halvey, Wilson, 

Brewster and Hughes (2013) pursued a control experiment to investigate the 

design space of thermal user interfaces with a wider range of heat 

stimulation. The findings confirmed that changing the temperature of heat 

stimulus from neutral skin temperature could arouse the feeling of comfort. 

Moreover, they recommended that 3°C of stimulus changes generated by 

Peltier heat pump is detectable and preferable to 1°C for continuous thermal 

feedback. 

Nakashige and his colleagues (2009) investigated thermal variations in 

computer interaction as a method to escalate the effectiveness of 

communication. They developed a mouse device, Hiya-Atsu-Mouse, which 

reflects the temperature of images presented on the computer screen. An 

informal experiment was conducted to evaluate the thermal performance of 

the device; 16 male and 16 female participants were asked to click and view 

the pictures of six dishes with the prototype presenting different thermal 

sensation. The usability test results demonstrated that their prototype 

signifies information of the objects in the pictures “in an expressive manner”. 

In the paper, they commented that representation of the heat cues from 

photographs of warm food or scenes shifts the impression of the pictures as 

more appealing.  

ambiPad by Lochtefeld and his research group (2014) is another 

reference project leveraging visual effects with thermal feedback. It is a 

mobile tablet device designed to encourage hedonistic experience in mobile 

media interaction. Along with ambient light illuminating frame around the 

tablet prototype, it emits thermal information in accordance with the 

emotional content of the video playing on the tablet to amplify the emotive 
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response of the users. The results of user experience evaluation manifested 

that thermal signals supplemented with visual clues immensely engage 

participants’ interest on the media and induce specific emotions mirroring the 

mood from the video.  
 

Thermoesthesia is a projector-based interactive artwork which displays 

thermal properties of visual artifacts so that spectators are able to have 

direct experience with the images using their hands (Kushiyama et al., 2006). 

In the paper, authors pointed out simulating physical entities like thermal 

information allows the audience to not only “re-experience the phenomenon 

in different style from the familiar one,” but also to “rediscover the world." 

Feel & See the Globe is a tactile installation that share similar interests as 

Thermoesthesia (Huber et al., 2015). The installation visually displays the 

rate of global temperatures as well as thermally communicates the 

temperatures in different regions chronologically in order to address the 

environmental issue, global warming. By augmenting visual cues with 

thermal feedback, Huber et al. aimed to magnify the quality of sensory 

perception.  

 

In order to comprehend how thermal sensory modality could be 

adopted to mediate interpersonal communication, Lee and Lim (2010) 

fabricated a heat application as a pair of wearable devices which let the users 

send and receive “thermo messages.” They recruited two groups of 

participants who are in intimate relationships and asked them to report the 

situation and purpose of using the prototype within the context of everyday 

routines for a day. The findings from their study suggested that heat 

expression has its own unique attributes such as abstract degrees of thermal 

perception, positive preconceptions on warmth and unobtrusiveness in 

sending and receiving the thermo-messages. They emphasized that those 
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characteristics of thermal feedback enable to complement emotional values 

in virtual communication.  

Similar to Lee and Lim’s research project aiming to enhance social 

connectedness in remote communication, Lovelet attempted to deliver the 

feelings of affection for long distance couples with the integration of thermal 

information (Fujita & Nishimoto, 2004). The wearable device detects the 

temperature from the user’s surroundings and notifies their partner by 

changing the colours of LED lights on the system. When the user stays in 

cold conditions, the partner can touch his or her wearable interfaces to 

transmit the heat cues and warm the user.  

Gooch and Watts (2012) also created three systems, YourGlove, 

HotHands and HotMits, to enrich emotional communication between the 

couple while they are apart. Each of the prototypes produces distinct tangible 

signals like kinetic movement or thermal cues as a metaphor of hand-holding 

behaviour; YourGlove describes the motion of hand-holding, while HotHands 

and HotMits simulate heat sensation of physical interaction but in different 

forms. They conducted a semi-structured interview to understand the 

qualities of individual design factors on the systems. Most participants found 

that all three prototypes assisted them to share a connection with their 

partners, evoking personal memories. Nonetheless, they stated that the 

representation of hand-holding with thermal cues was more compelling. In 

truth, one participant presented practical concerns saying that, “I think I 

prefer the warmth over the movement because whatever you do, it’s never 

quite going to be the same as an actual movement of your hand…” (p. 162). 

This indicates that thermal feedback could be an essential element to 

structure physical presence within virtual environment. 
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2.4.  Wearable technology in HCI 

As several HCI research have employed wearable systems as an 

approach to generate an expressive and salient sensory output including 

thermal sensation, wearable technology has been discussed as a promising 

platform that can virtually afford tangible presence in remote interaction 

(Drugge, Nilsson, Parviainen & Parnes, 2004). Wearable device is mostly 

embedded in garments or accessories that are worn comfortably on the 

body. As Berzowska (2005) phrased wearable garments as a “second skin,” 

wearable technology can be extremely adjacent to our bodies. The concept of 

having presence right next to our skins makes it possible to describe and 

communicate physical contacts such as touch sensation. For instance, a 

wearable haptic interface, TapTap, asynchronously conveys affective and 

nurturing touch on the back of user for emotional therapy (Bonanni, 

Vaucelle, Lieberman & Zuckerman, 2006). 

Thus, a number of researchers have investigated the way of adding 

extra depth to remote communication experiences in close relationships by 

means of wearable technology. Hug Over a Distance proposed by Mueller et 

al. (2005) is a great example. It is an air-inflatable vest which facilitates 

intimacy in long distance relationships. The aim of this research was to 

augment physical closeness by resembling a hugging gesture between two 

users. They held a design workshop with six couples in long-term 

relationships and two children to document initial reactions towards the 

prototype and participants' needs on the advanced system. The results 

showed the prototype satisfied their desire for “playfulness” in the 

relationship. Nevertheless, a majority of participants mentioned that the 

noise from the pumps in the vest for inflation was too distracting for them to 

focus on the interaction.   

In a similar fashion, Teh and other researchers (2008) sought for a 

more effective method to foster physical interaction in interpersonal 
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communication between parents and child. Their mobile wearable prototype 

allows parents to send their child a soft feeling of a hug by simulating both 

pressure and thermal sensation accompanied by body contact. Furthermore, 

they mapped the spatial distance between the parents and child to the 

different colour displays of flower accessories attached to the interface in 

order to accentuate the moods of parent-child interaction. While the authors 

implemented a variety of intriguing features, no usability studies took place 

to underpin their design decisions on the device.    

 

A remote touch device by Wang and Quek (2010) is another related 

research work that illustrates physical presence in social interaction. The 

prototype consists of an armband with Shape Memory Alloys (SMA). Thermal 

expansion and contraction of SMA wires enable the prototype to present the 

sensation of holding and squeezing an upper arm. They performed a 

between-subjects repeated interaction study to understand the effects of 

remote touch input on the emotional states and comprehension of 

information. In the experiment, participants first listened to a recorded 

emotive story with remote touch experience described by the prototype. 

Then, they listened to the same story recording without trying the prototype. 

Surprisingly, the study results presented that the touch sensation which was 

digitally mediated by wearable interface considerably decreased the negative 

mood of participants and simultaneously increased the connectedness with 

the storyteller.  

Tug n’ Talk is a belt-buckle-like wearable interface which supports 

tugging behaviour for long distance couples in drawing attention from his or 

her partner (Adcock, Boch, Harden, Harry & Poblano, 2007). The researchers 

attempted to extend the richness of physical social interaction in remote 

communication using an underexplored gestural vocabulary, a tug. When one 

user pulls a chain hanging from the prototype, a chain of the paired device 

connected to the other user’s shirt is tugged. That is to say, the physical act 
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of tugging is utilized as “a coincident medium” for both input and output 

spaces. Even though the authors explicated the design rationale and process 

in the paper, they did not evaluate the usability of the prototype as well as 

user experience to substantiate the probable benefits of tugging as a haptic 

communication modality.  

 

Recently, Choi, Tewell, Morisawa, Pradana and Cheok (2014) devised a 

ring-shaped wearable system that allows distant couples to exchange various 

combinations of lighting colours and vibration intensities as a metaphor of 

affective expressions. The prototype, Ring*U, is equipped with Bluetooth 

which transfers data wirelessly to the user’s smartphone. When the user 

interacts with the Ring*U or presses a button from the smart phone 

application, it delivers visual and tactile cues to the paired partner through 

the Internet accessing the smart phone application connected to the device. 

Unlike other research prototypes offering a limited range of feedback, the 

user is able to adjust the value of lighting and vibration signals to more 

accurately convey his or her feelings. However, user test or any other studies 

were not conducted to validate the correlation of the emotional expressions 

with integration of lightings and tactile signals from the device.  

Haans, de Nood and IJsselsteijn (2007) scrutinized how digitally-

mediated touch could have varying affective responses based on type of 

touch and stimulated body location of the user. They constructed a vest-

shaped prototype with vibrotactile actuators to generate two underlying 

haptic interaction patterns, a poke and a stroke, on five different locations of 

the body such as the wrist, upper arm, upper back, lower back, and stomach. 

To get an insight into the effects of such factors in mediated social 

interaction, they pursued an experimental study with fifty-seven students. 

Interestingly, the findings showed that participants perceived mediated social 

touch in a similar way to being touched by the other person. The participants 

mostly preferred poke-like touch and experienced a remote touch on the arm 



 

22 

area as more pleasant than the stomach. This implies digitally-mediated 

social touch described by wearable technology has high potential to convey 

intimacy and connectedness as real physical touch.  

Similarly, Suhonen, Väänänen-Vainio-Mattila and Mäkelä (2012) 

pursued focus groups and interviews to study how haptic feedbacks in 

communication devices were used and experienced. Two different wearable 

devices were developed to simulate three distinct haptic cues; one prototype 

is comprised of an elastic headband with a thermal actuator and a vibrating 

motor to produce heat and vibrotactile feedback. The other is a non-elastic 

adjustable wristband manipulating squeezing sensation with SMA. The 

researchers tested each prototype with explorative user studies to 

understand user’s perceptions of accessing three tactile signals. Overall, they 

found that participants regarded haptic information as physical interaction 

mostly shared with intimate relationships. In terms of each haptic cue, the 

participants felt the squeeze stimuli as the most pleasant feedback and 

vibration as a familiar feedback. However, a majority of them answered, 

“thermal signal would be best for communicating feelings.” In addition, they 

would like to have thermal cues on their hands and arms through wearable 

devices.  

2.5.  Summary  

In this chapter, I explored physiological and sociological literature on 

touch as a physical action as well as a human sense. This background 

literature synthesized core information about the roles of touching 

behaviours in social interaction and child development, highlighting its 

importance in parent-child relationship. It also assisted in expanding 

knowledge of sensory perception to clarify human sense system of sensing 

and perceiving warm touch sensation. I then focused on how thermal 

sensation in skin-to-skin contact induces affirmative emotions and facilitate 
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social bonding. Furthermore, I discussed how warm tactile stimulation 

improves the health and well-being of children and prevents infant 

developmental delays in order to outline availability of thermal modality in 

positive communication between parents and their children. The main 

characteristics of thermal perception were overviewed as an effort to pinpoint 

user requirements for the implementation of thermal interface devices.  

In addition, I reviewed the related literature on studies pursuing 

alternatives to offer an expressive and convincing communication channel in 

HCI with thermal application and wearable technology. Pioneering research 

works employing thermal sensory modality to mediate interpersonal 

communication mostly succeeded in compensating for the lack of intimacy or 

connectedness in remote interaction. Even though thermal sensation is 

strong enough to stand out alone, a majority of previous research have 

utilized thermal information as an additional data to support qualities of other 

sensory cues such as visual information. Moreover, researchers who 

suggested wearable technology could illustrate physical metaphors of 

interpersonal touch to reinforce affective communication and contribute to 

sustain close social relationship mainly focused on long distance romantic 

relationships instead of parents and children. What’s more, most of their 

prototypes were not evaluated to get insight into the users' expectations and 

experiences.  

Through the background study and literature review, we acknowledged 

that there is a need to investigate the potential values and experiences of 

thermal feedback as a metaphor for physical intimacy to ameliorate remote 

communication between parents and child, using a prototyping approach. 

The following chapter will describe the design principles derived from lessons 

learned in the literature and iterative design process to develop a thermal 

wearable communication prototype.  
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Chapter 3.    
 
Design of a thermal wearable 
communication system 

This chapter describes a process of designing and developing a new 

wearable communication system which supports the sensation of touch as a 

thermal information in order to foster a sense of connection in parents-child 

remote communication. The system design is guided by two primary design 

principles: thermal messages and the somaesthetic design framework in a 

form of wearable technology. It went through several iterations to reach the 

final version of prototype, TouchMe. Additionally, the chapter presents a 

detailed scenario to envision the future use of the new wearable system in 

remote family communication. 

3.1.  Design Principles   

On the basis of the observation in background study and literature 

review discussed in the preceding chapter, I established three primary design 

principles, which are thermal messages and the somaesthetic design 

framework, for the implementation of the prototype in a form of wearable 

technology. This relates to my overarching research goal, which is to 

investigate how thermal information conveyed by wearable technology can 

augment distant communication patterns in parent-child interaction.  
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3.1.1.   Thermal messages  

Among various sensory modalities such as vibration, pressure, and 

temperature that form the impression of social touch, thermal sensation has 

been highlighted by a great number of researchers as a persuasive and 

emotional channel for communication. Several neurophysiological research 

studies demonstrated that warm sensations accompanied by skin-to-skin 

contact helps reduce stress hormones and cause a positive social mood 

(Nordin, 1990; Olausson et al., 2010; Vrontou et al., 2013). The experiment 

conducted by Harlow and his associates stressed the significance of warm 

physical contact with caregivers during infancy for healthy social-emotional 

development (Harlow, Harlow and Hansen, 1963).  

As a consequence, it is essential for parents to express warmth to the 

skin of young children even when communicating remotely. A new wearable 

communication system transmits heat to compensate for the warm presence 

in remote interaction. To fabricate meaningful and perceivable values of 

thermal cue, “expressive elements of thermal expression” introduced by Lee 

and Lim (2012) is adopted and reformed into three fundamental factors; 

temperature, duration, and the degree of temperature change. 

It is comparatively challenging to manipulate temperature of the cues 

as a communication message because the perception of warmth relies on 

individual body conditions and environmental temperature. Therefore, the 

device needs to generate thermal messages within a specific range, which is 

between slightly higher than the neutral skin temperature, 34°C, to avoid the 

zone of physiological zero and below the pain threshold, 38°C, where heat 

nerves are extremely sensitive. Since the wearable system reflects warm 

sensation from social touch, the thermal cue is constantly given to a child so 

long as parents send thermal messages via the system interface. Continuous 

heat feedback may cause the adaptation of thermal sensation and prevent us 

from feeling the quality of thermal messages. As Halvey and his colleagues 
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(2013) suggested in their paper, the degree of temperature change in 

thermal stimulus generated by the system needs to be increased by 1°C in 

order to keep delivering as well as notifying information thermally.   

3.1.2.   Somaesthetic design framework 

Somaesthetics, a term coined by Shusterman (2008), examines the 

role of bodily experience or soma in aesthetic appreciation. As pointed out by 

Schiphorst (2009), somaesthetics values “the quality of attention and 

awareness” and offers new perspectives and methods to review “the self’s 

relationship with experience through technology.” Consequently, this 

philosophical approach has been applied “as a theoretical foundation” in HCI 

research domain to investigate the aesthetic attributes and experiences of 

interaction between humans and computers (Lee, Lim & Shusterman, 2014). 

Schiphorst (2009) articulated somaesthetic design framework in the 

design of tangible interface, soft(n), to explore the sense of touch. Tendrils is 

another interactive artwork which appreciates tactile aesthetics and body-

based interactions through a somaesthetic approach (Schiphorst, Seo & Jaffe, 

2010). It was implemented to study how responsive wearable technology 

could build evocative behaviours from the quality of tactile information, 

underlining four thematic elements of somaesthetics: experience, poetics of 

interaction, materiality and semantics. The authors argued that the 

somaesthetic framework provides “a bridging strategy between embodied 

practices based in somatics, and the design for an aesthetics of interaction in 

wearable technology” in terms of interaction.  

The design of wearable communication system is framed within the 

context of somaesthetics for expressive tactile interaction in remote 

communication between parent and child. By adopting a somaesthetic design 

framework of tactile interaction proposed by Schiphorst (2009), the wearable 

communication device is designed to 1) magnify the experience of thermal 



 

27 

perception, 2) touch upon a poetic metaphor of physical interaction between 

parent and child through a thermal feedback, 3) highlight materiality to 

improve the experience within the system, and 4) build semantics which 

explores thermal sensation in tactile interaction. In the following section, I 

discuss how the design principles are applied to design of prototype. 

3.2.  System Design 

To support interpersonal touch for remote interaction between parents 

and child, the novel wearable communication system encompasses two main 

design principles; thermal messages and the somaesthetic design 

framework. In this section, I present several design iterations to refine key 

functionality and features of the prototype.   

3.2.1.   Early system design 

Wearable technology for Parent-child connection  

The studies discussed in the previous chapter have proposed that 

wearable technology effectively represents interpersonal touch as haptic 

feedbacks; fortifying affective communication and maintaining intimate 

relationship at a distance. Although multiple HCI researchers have developed 

wearable applications including Lovelet (Fujita & Nishimoto, 2004) and 

Ring*U (Choi et al., 2014) that support tactile cues as physical presence in 

remote communication, their focus is mainly on a long-distance relationship. 

Furthermore, the intention of most parent-child communication systems is to 

monitor children’s well-being (Gill, 2009) or to encourage education and 

entertainment (Yarosh, Tang, Mokashi & Abowd, 2013) instead of enhancing 

physical interactions between them. 
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I focus on remote interaction between parents and their young child, 

utilizing wearable technology which is able to describe delicate and subtle 

motion on our skin. The wearable communication system expresses thermal 

impression in touch to strengthen a feeling of connection for parents-child 

relationship while interacting remotely. The system is designed for a child to 

experience heat feedback as a metaphor for touch from his or her parents 

through the interface. The design of the system aims to let parents deliver 

more emotive information to their child and them feel stay connected. 

System overview  

The main purpose of a wearable communication system is 1) to allow a 

parent to send thermal messages to his or her young child through the 

system, and 2) to enable the child to experience thermal sensation as 

physical presence of the parent over a long distance. Therefore, the system 

is a pair of wristband-like devices; one (input device) is for a parent to send 

thermal messages to a child, and the other (output device) is for the child to 

receive the messages (Figure 3.1).  

 

Figure 3.1. Interaction model of the system with input and output 
devices 
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When a parent touches the wearable interface worn on his or her arm, 

it detects the tactile movement on the system and transfers the data 

wirelessly. The child then receives the information from the other wearable 

system, it provides thermal stimulus as a metaphor of a parent’s touch. 

Moreover, both input and output feedbacks are accompanied by light cues to 

indicate the real-time state of sending or receiving intimate information at a 

glance. 

System Development based on design principles 

Thermal actuator and touch detector  

As discussed in the section 3.1.1., it is important to produce thermal 

feedback within a precise range of temperature. According to Halvey et al. 

(2012), Peltier thermoelectric heat pump is able to control a substantial level 

of thermal output. When the heat pump makes electric current flow through 

two dissimilar metal conductors (Figure 3.2.b), it generates heat 

(Drebushchak, 2008). Thus, it has been commonly utilized in various 

applications which simulate thermal sensation (Wettach et al., 2007; Halvey 

et al., 2011; Gooch et al., 2012; Lee et al., 2012; Vrontou et al., 2013). For 

this reason, I applied Peltier thermoelectric heat pump (Figure 3.2.a) in an 

output device.  

 
a. Peltier heat pump 

 
b. Structural diagram of Peltier heat pump 
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Figure 3.2. Peltier thermoelectric heat pump 

 

A small sewable computer called LilyPad Arduino (Figure 3.3.a) is 

connected with Peltier thermoelectric heat pump (Figure 3.4.b). Through 

Arduino software (Figure 3.3.b), the Arduino board is programmed to 

regulate three fundamental elements in thermal feedback, which are 

temperature, duration, and the degree of temperature change. The 

temperature of thermal message is set to start from 34°C and reach up to 

38°C. As suggested by Halvey et al. (2012), the degree of temperature 

change in thermal stimulus is raised by 1°C/sec within the range.  

 
a. LilyPad Arduino 

 
b. Arduino software 

Figure 3.3. Peltier thermoelectric heat pump is connected with 
LilyPad Arduino to manipulate primary thermal elements 

 

A Force Sensitive Resistor (FSR), a sensor that detects a wide range of 

physical pressure, is used in an input device that initiates the thermal 

stimulus. It is equipped with a counterpart of the system to sense tactile 

movement of a parent and to instantly generate synchronous feedbacks. 

That it, the output device simulates thermal feedbacks so long as the parent 

interacts with the input device. The sensor is also connected with a wireless 

shield (Figure 3.4.a), Arduino Xbee, which allows the input device to 

remotely transfer the parent’s touch pattern to the output device up to 40km 

(25 miles). Therefore, the parent is able to send thermal messages to a child 

at a distance within the range by touching his or her interface. 
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Armband-shaped wearable communication system 

Both thermal actuator and touch detector are embedded into a 

wearable garment which can directly convey thermal information on our 

skins. The shape of armband (Figure 3.5) allows the system to provoke the 

heat sensitive areas of the body, forearms, to improve the accuracy of 

communication. When a parent touches the interface of his or her armband-

shaped wearable communication system, the other device worn on a child 

delivers thermal feedback on the forearm of child.  

 
a. Initial sketch 

 
b. Physical prototype 

Figure 3.5. Design process of wearable system 
 

 

The portable form of wearable prototype enables a parent and child to 

effortlessly approach and interact with it anytime and anywhere. It is easily 

a. Input device with FSR sensor             b. Output device with Peltier heat  
        pump 

Figure 3.4.  Schematic maps of the prototype 
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worn on the user while going through his or her daily activities even during 

exercise. The armband-shaped wearable communication system is 

constructed from soft circuits using conductive threads (Figure 3.6). A Light-

Emitting Diode (LED) is also placed on each of armband for local visual cue to 

the wearer. 

 

 

 

 

 

 

A somaesthetic design framework for expressive tactile interaction 

The thermal wearable communication system explores a somaesthetic 

framework to design the aesthetic quality of interaction as an approach to 

enhance emotional aspects of tactile presence. The system design is 

concerned with four main themes; experience, poetics of interaction, 

materiality and semantics.  

It focuses on somatic sensory experience of the wearer to evoke 

positive interpersonal reactions for remote communication between parents 

and child. The tangible feedback exhibited by the Peltier thermoelectric heat 

pump in the system not only induces thermal sensibility but also brings 

physical comfort, which is essential to the formation of social bonds as well 

as psychological development of the child (Harlow, Harlow & Hansen, 1963).  

Figure 3.6. The wearable system is composed of soft circuits with 
conductive threads 
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The poetic concepts of embodied communication form the foundation 

of designing fundamental features and functionality of wearable systems. The 

output device conveys thermal feedbacks as a metaphor of interpersonal 

warmth accompanied by skin-to-skin interaction. The system expresses two 

interaction modes with symbolic displays of visual aesthetics. A pulsating LED 

light pattern in a non-interaction mode symbolizes the pulse of other wearer 

to signify his or her physical presence at a distance. In interaction mode 

when the wearer interacts with the interface, LED emits the brightest sparks 

which visualizes the meaning of lighting up social relationship.  

The device emphasizes its physical material properties including textile, 

shape and colour that engrosses emotive experience of interaction between 

the wearer and the system. Lustrous raw silks are hand-sewn in the design 

construction of the system to represent a healthy radiant skin of young child. 

Furthermore, vibrant colours of the fabric draw an attention of the wearer, 

welcoming physical interaction with the system. In the form of armband, it 

stays in active range of the motion so that the wearer is able to reach 

without effort.   

It formulates semantics of thermal sensory qualities in interpersonal 

touch, exploring the meaning of heat feedbacks in remote communication. 

Thermal sensation simulated by the system highlights connotative values 

derived from our social experience. The patterns of thermal information bring 

up new interpretations of remote interaction and reflect the values of 

physical presence in intimate relationship.  

3.2.2.   Final system design 

Preliminary User study  

A preliminary pilot user study was conducted with eight participants 

including 5 females and 3 males in order to evaluate the quality of tactile 
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interaction with the system. The study was consisted of three sessions; in 

the first session, they were inquired to interact with the input device by 

wearing the system and caressing the exterior surface of the interface. In the 

second session, they wore the output device and received thermal messages. 

Lastly, I asked them to experience thermal sensation with other haptic 

feedbacks such as squeezing and buzzing sensation with muscle wires and 

vibration motors to understand the way of describing realistic touch 

sensation. Then, the participants were asked to answer a series of survey 

questionnaires. The questions were composed of the following (Appendix A); 

a series of basic demographic questions (gender, age and occupation), 

simple Likert scale (not at all ~ definitely) questions to investigate 

impression on touch interaction with the input interface and thermal and 

visual feedback from the output device, and two open-ended questions to 

refine the features of interaction as well as physical form of the prototype. 

They individually consumed less than 40 minutes to complete the survey. 

The participants were between the ages of 22 and 38 having various 

careers including a housewife, an electrical engineer and college students. 

Even though one participant expressed some concerns about getting heat 

cues on her skin before experiencing it, a majority of participants answered 

that thermal feedbacks presented on their arms were pleasant and 

noticeable. However, most of them could not feel warm sensation when they 

received thermal information with other haptic feedbacks including vibration. 

They also responded that LED light accompanied with tactile feedback was 

helpful in informing them whether the thermal message was delivered or not. 

When they interacted with the input device to send thermal messages, most 

of them mentioned it was difficult to discern which areas of the surface to 

stroke. Moreover, some of them showed uncertainty about the form of the 

input device. One participant commented that a small accessory type of 

device might be more convenient and appropriate for a parent to carry to his 

or her work. 
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Final version of prototype  

Based on the comments from the participants in the study, I modified 

the physical form of the system to not only enhance tactile experience in the 

input device but also improve its usability and aesthetics. The final version of 

prototype which is called, TouchMe, consists of two physical entities (Figure 

3.7). The child portion of the system is a responsive thermal armband which 

generates thermal information as a representation of physical presence. On 

the other hand, the parent portion of the system involves a tangible interface 

in the form of a mobile heart-shaped pillow-like device.  

 

 

 

 

 

 

 

Figure 3.7. Final prototype, TouchMe  
 

The heart shape underlines a metaphorical sense as the center of a 

child's emotions and affection towards the child, offering more meaningful 

interaction. What’s more, the pillow form of the interface covered with soft 

faux fur fabric invites a user for more tactile and haptic interaction (Figure 

3.8.a). The stitched palm pattern sewn on the cloth of input device indicates 

where to interact with (Figure 3.8.b). The equivalent red colour of both input 

and output devices visually pairs them up and accentuates a connotative 

meaning of warmth. The output device is covered with soft suede which is 
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more effective than the faux fur fabric at absorbing sweat next to the skin, 

concerning for the children having active physical activities.  

 

 

 

 

 

3.3.  Examples of using the system 

In this section, I present three usage scenarios which describe how the 

novel thermal wearable communication system, TouchMe, may be used in 

the real world. Not only does this help visualize key functions that are 

expected to be achieved by users, but also provides directions to validate my 

design assumptions and decisions. 

3.3.1.   Emotional communication   

I envision that most users, parents and child, will want to use TouchMe 

to share and convey a sense of connection when they are apart and the child 

feel isolated or alienated from the others. The following example illustrates 

how a mother sends thermal messages to her son from her work in order to 

let him feel they are always together.  

           a. soft pillow-like object             b. The palm stitch pattern indicates     
                                                                     where to touch  
Figure 3.8.  Input device 
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Brrring! The school bell rang. It is time to go home but nine-year-old 

boy, William, is not happy like any other students. When he gets home from 

school, his house is always empty; his father gets off work around 6, and his 

mother works as a second shift nurse. William usually goes to his friend’s 

place and wait until his father finds him. But today, he decides to go home by 

himself because he argued with his friend in the morning. On the way going 

home, he calls his mother and tells her about his day at school. When he 

talks about the argument with his friend, he starts crying. His mother wants 

to calm him down and remind him she is always with him. She takes out a 

heart-shaped TouchMe tangible interface from her pocket and caresses the 

surface like how she does to his arm. An armband device that William wears 

emits thermal cues. He senses interpersonal warmth from his mother and 

stops crying.   

3.3.2.   A signal for further action 

I also expect that TouchMe will be used as a notifier which informs a 

child to take further action such as making a phone call to a parent. The 

example below describes how a father utilizes TouchMe to notify his child to 

give him a call.  

An active and vigorous girl, Alice, always likes to play outside with her 

friends. When she hangs out with her friends in the playground, she 

frequently leaves her cell phone in her bag. As usual, she spends time with 

her friends playing the freeze game in the playground. Her father is supposed 

to find her after work but he gets extra work to do. Although he calls her 

several times to let her know he will be late, she does not notice her cell 

phone is ringing. After calling her few more times, he decides to use 

TouchMe. He strokes the interface of TouchMe input device and the thermal 

armband output device synchronously delivers thermal messages with bright 
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light cue to Alice. Alice perceives that her father wants to talk to her, so she 

makes a phone call to him.  

3.3.3.   Playful and meaningful interaction 

Lastly, I imagine that some parent users will like to use TouchMe to 

interact with their young children in a playful and meaningful manner. The 

scenario below illustrates how a father sends secret messages to his child by 

means of TouchMe.  

John is a second shift employee working from 3 p.m. to midnight, so it 

is difficult for him to spend time with his daughter. Even though he always 

has a phone conversation with her once a day, the chat tends to be 

superficial and ephemeral. He wants to share more playful and meaningful 

experiences with her; therefore, he makes up some secret telegraphic codes 

that only the two of them know using TouchMe. For example, the message of 

one short and two long thermal cues means “I love you”, and two long 

thermal signals represents “Good night, my dear.” He sends the secret 

thermal messages sometimes when they are chatting over the phone, and 

she smiles and says she loves him so much, too.  

3.4.  Summary 

In this chapter, I presented a methodical series of design steps to 

implement a novel idea of facilitating effective and emotional interaction in 

parent-child remote communication by employing thermal stimulation as a 

metaphor of physical intimacy. A wearable thermal communication system 

aims to investigate how thermal expression delivered by wearable technology 

gives rise to new habits of parent-child interaction over a long distance. It 

encompasses two underlying design principles; thermal messages and the 

somaesthetic design framework in a form a wearable technology for parent-
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child connection. The set of principles paved the way for deliberating and 

designing the main features of the system. Passing through several design 

iterations, I developed a final prototype of thermal wearable communication 

system, TouchMe, which allows parent to send thermal messages to a child 

and enables the child to experience warm touch sensation. Furthermore, I 

described three possible scenarios to envision the real-world use of the 

system based on my design assumptions.  
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Chapter 4.    
 
Methodological approach to evaluate a 
thermal wearable communication system 

This chapter discusses a methodological approach used to evaluate the 

responsive thermal wearable communication system, TouchMe. I employed 

qualitative research methods such as semi-structured interviews, a field trial, 

diary study, and a survey, in a user study to unearth any possible values or 

benefits of thermal expression in remote communication system to interact 

with others, particularly children. In this chapter, I first present recruitment 

and demographic of users who participated in the study. Then, I discuss 

study methods and procedure, and conclude with the data collection and 

analysis. 

4.1.  Participants 

Target users for a thermal wearable communication system are 1) 

either a full or part time working parent who tends to spend less time with 

his or her child, and 2) a child in the age group of 7 to 11 years. The system 

was geared specifically towards school-aged children experiencing rapid 

progress in all areas of development and skills (Bennett, 2014). She claimed 

that in this stage, the child begins to have activities outside the family and 

explore independence, yet they still need “warm, supportive, and engaged 

parents” to develop “secure emotional attachments, healthy peer 

relationships, high self esteem, and a strong sense of morality.” For example, 

it is significant for parents to offer their children opportunity and 
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encouragement socialize with other children after school so that the children 

can develop their social ability to foster, engage in, and sustain positive 

relationships.  

In order to recruit individuals meeting the requirements, I used three 

recruitment strategies including snowball sampling, advertisement (Appendix 

B) on social media sites such as Facebook, and poster advertising (Appendix 

C) at elementary schools where people in desired conditions gather. Seven 

families with young children responded to participate in the study. Table 4.1. 

provides an overview of the participant demographics including employment 

status, working/school hours, and the amount of time they spend interacting 

with children using communication devices per day. Adult participants were 1 

male and 6 female parents between the ages of 32 and 41, whereas child 

participants were 4 male and 3 female elementary students (1 seven-year 

old, 3 eight-year olds, and 3 nine-year olds). As most elementary schools in 

British Columbia use a fixed schedule, the children are generally dismissed 

from school between the hours of 2 p.m. and 3 p.m., taking into 

consideration that some of them have after-school activities. On the other 

hand, the scheduled work hours of parent participants are varied. For this 

reason, they spend different amounts of time to communicate with the 

children from a distance.  
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Table 4.1. Overview of participant demographics  

4.2.  Methods  

My research involves an exploratory approach where researchers 

observe how people use and adopt a new technology to gain an in-depth 

understanding of its use patterns and key issues (Hesse-Biber, Nagy & Leavy, 

2011). Consequently, qualitative research methodology was applied in a user 

study to understand how parents and child utilize the thermal wearable 

application to share a feeling of connection and how the child perceives 
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thermal messages given in wearable technology as a means to interpret a 

parent’s physical presence.  

The evaluation methods were composed of semi-structured interviews, 

field trial, diary study, and survey. As Rubin and Rubin (2005) argued that 

semi-structured interview is a much more flexible version of the structured 

interview, it provides “depth to be achieved by providing the opportunity on 

the part of the interviewer to probe and expand the interviewee's responses.” 

With open-ended questions which allow the participants to freely express 

their experiences (Creswell, 2005), the semi-structured interview was used 

in the methods in order to elicit the opinions and views of participants on 

thermal expression. Furthermore, I designed the two-week field trial study 

with diary studies to collect empirical data in a natural setting. The survey 

study was planned with paper-based questionnaires to measure a 

participant’s general experiences in using the prototype. All methods took 

place at participants’ houses or any other locations convenient to the 

participants.  

4.3.  Procedure  

Before conducting the study, I visited each user group on the first day 

of the study and provided a detailed description of the methods including any 

potential risks to the participants. Once they confirmed to participate in the 

study, they completed an Office of Research Ethics Informed consent form. 

Children were also asked if they would agree to be in the study and asked to 

sign an assent form.  

The study started with semi-structured interviews with questions 

(Appendix D) asking current experiences in communication devices and 

general concept of thermal sensation. Participants spent an average of 30 

minutes for the interview. I then conducted a short prototype trial session 
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where both parent and child were asked to experience thermal messages on 

their forearm and describe the first impression of thermal information (Figure 

4.1.a) Additionally, the adult participants were requested to use the 

prototype to thermally communicate with children for 30~40 minutes (Figure 

4.1.b). In order to investigate any behavioural patterns in using the system, 

photographs were taken of each participant when they interacted with the 

device. After the trial session, they were given a series of questionnaires with 

two open-ended questions (Appendix E) to help understand their overall 

experience in using the prototype. The questionnaire was consisted of four 

statements on a simple Likert scale with anchors “I strongly disagree” to “I 

strongly agree.” I created traditional paper-and-pencil questionnaires so that 

children were able to access and complete the tasks independently. 

 

a. Testing thermal messages on 
the forearm of a participant 

 

b. Thermal interaction with a child 

Figure 4.1. A short prototype trial session 
 

Due to the limited range of wireless communication in the prototype, I 

had to consider the distances between the participants’ houses and 

work/school and their daily activity routine. With that in mind I designated 

four families (Family 1, 2, 6 & 7) from the user groups to pursue a field trial 

and diary studies. A prototype was provided to each selected user group and 
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they were asked to use it as an interpersonal communication device in their 

daily lives for two weeks. The participants were also inquired to report their 

experiences or context of prototype usage including intention, duration, 

feeling or reaction in a diary format. For the reporting method, they wrote a 

diary on a secure study web page (called Online Diary) at SFU (Figure 4.2), 

which allows me to easily access their daily information in using the system. 

The parents were requested to record the children’s experiences of thermal 

messages by verbally asking them if they encounter any challenges to access 

or achieve the tasks. During the period of field trial, I did not make any 

arrangement for a face-to-face meeting with the participants (except one 

family having some technical issues).   

 

Figure 4.2. Online diary webpage  

After the field trial periods, I revisited the participants to retrieve the 

prototypes and conducted a semi-structured debriefing interview to gain 

additional information about use experiences and values that I was not able 
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to extract from the diary study. Each interview lasted between 40 and 50 

minutes, and it was recorded on audio tape and note-taking. Then, both 

parents and children were given same questionnaires asked in the first semi-

structured interview in order to discover any shifts in perception of thermal 

information after experiencing the prototype over a period of two weeks. I 

ended the study with two open-ended questions. Each family was 

compensated with fifty-dollar gift card after completing the all procedures of 

the study. 

4.4.  Data collection and analysis  

Data obtained from the participants were gathered in the form of 

audio, electronic document files and photographs. The interviews were 

recorded using a digital audio-recording device and the recorded files were 

transcribed by myself. Diary inputs were collected in an electronic format, 

and quantitative data gathered from the paper-based questionnaires were 

transcribed in digital files. All of the information were labelled with 

anonymous identifiable information to protect the confidentiality of study 

participants. Moreover, digital data were securely stored in the research 

servers of SFU.  

Data analysis comprised an iterative and reflexive process of thorough 

examination and interpretation. In this study, I obtained both qualitative and 

quantitative data; therefore, the data sources were analyzed according to the 

data type. Statistical data gathered from the questionnaires were analyzed 

quantitatively. Based on data collected from the semi-structured interviews 

and diary study, I implemented qualitative analysis including coding to have 

an in-depth understanding of user experience and value in the new 

communication design approach.  
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Creswell (2012) stated that the general analysis of qualitative data 

involves coding techniques which help “reducing data into meaningful 

segments and assigning names to the segments” (p. 148). To do so, I first 

reviewed descriptive data derived from the semi-structured interviews and 

diary study, focusing on the recipient’s (children) feeling and perception on 

thermal messages and behaviours of senders (parents). I highlighted 

common ideas and key words, and wrote analytic memos in same colours 

(Figure 4.3). Through multiple processes, I created a set of codes which 

represent and capture the primary content and essence of participants’ 

responses. 

 

Figure 4.3. Open Coding by highlighting with different coloured pens 
and highlighter to distinguish concepts and categories in 
the data 

In accordance with the codes that were developed from the initial 

stage of coding, I assembled the analytic memos and organized them into a 

list of categories (Figure 4.4.a). As Saldana (2013) cited the work of Anfara 
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(2008, p. 932), the code mapping technique is a preparatory step to classify 

data for later retrieval and more intensive analysis “to bring meaning, 

structure, and order to the data.” I then performed axial coding which is a 

process of examining and identifying the relationships across the data and 

between occurrences of composite categories (Saldana, 2013). I regrouped 

the contents (memos) of each category into subcategories to specify the 

properties and meanings of the category (Figure 4.4.b). This process went 

through several iterations to extract high-level themes from the data. 

  

 

 

 

 

4.5.  Summary 

In this chapter, I introduced the methodology for the qualitative study 

designed to evaluate and investigate experiences as well as potentials on 

heat messages in the thermal wearable communication device. I presented 

approaches to recruit study participants and the users’ demographic 

characteristics such as gender, employment status, working/school hours, 

and average amount of time for remote communication with children per day. 

I also provided a detailed description of the study procedures and methods 

which were consisted of the semi-structured interviews, a field trial, a diary 

study, and a survey. After the data were collected, I identified the children’s 

  a. First iteration of code mapping       b. Organizing the data into  
                                                                    subcategories 
 Figure 4.4. Process of extracting high-level themes 
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perception of thermal messages, system usage patterns and receiver’s 

emotional status, using as open coding, code mapping and axial coding 

strategies. I describe results and main findings of the study in the next 

chapter.  
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Chapter 5.    
 
Research Findings  

This chapter describes the results of the qualitative study used to 

investigate how thermal expression described by wearable technology can 

augment distant communication patterns in parent-child relationship. First, I 

present usage patterns of senders (parents) with quantitative and qualitative 

summaries of the data which addresses my first research question; 1) 

How/When do parents use a thermal wearable communication system that 

transmits heat as a metaphor for physical intimacy to share connection with 

their child? I then discuss the receiver’s (children) perceptions and 

experiences of thermal messages in remote communication with parents. 

These findings are related to my second research questions; 2) How does a 

child sense the thermal feedback as a means to interpret a parent’s remote 

presence? Finally, I examine the challenges that participants experienced 

when they used the system.  

5.1.  Usage patterns of thermal wearable system  

During a two-week period of the field trial, four parents in the user 

groups reported that they sent a total of 151 thermal messages to their 

children (Family 1: 31 messages, Family 2: 45 messages, Family 6: 36 

messages, and Family 7: 39 messages); a median value of messages is 3 

with a minimum of 0 and maximum of 5 per participant. This indicated on 

average, 2.69 thermal messages were conveyed to children by an individual 

parent each day. Each user group showed different patterns on the daily 
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usage. However, most parents sent fewer thermal messages during the 

weekend (Figure 5.1).    

 
Figure 5.1. The line chart displays the number of thermal messages 

sent on the weekends is lower than weekdays  

In contrast to my expectation that the most common places where 

participants use the system would be in their offices; they sent the thermal 

information at diverse locations such as their home, at the SkyTrain station, 

in a coffee shop and at the grocery store as there was no limitation on the 

time and manner of use. The results demonstrate the prototype successfully 

supported parent-child remote interaction in everyday circumstances. 

Moreover, it indicates that parent participants wanted and attempted to 

communicate meaningful information to their child by sending the thermal 

messages even if they were on their way to work, or simply away from the 

home.  

The thermal messages were delivered for a variety of purposes. Each 

parent in the user groups had her own distinct patterns of using the 

prototype. Parent 1 sent the thermal information at a specified time including 

lunchtime as a greeting message. Another participant, Parent 2, used it to 

encourage her child for special occasions such as when he took an exam. The 

participants, Parent 6 and Child 6, predefined system use cases so the parent 
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used it accordingly. On the other hand, Parent 7 sent the messages with 

physical affectionate expressions to her child.   

Based on the above usage patterns, my analysis revealed that users 

accessed the thermal wearable system as a method to 1) express affection 

towards their children, 2) send information to their children, and 3) give 

them a sense of comfort. This explores my first research question; 

“How/When do parents use a thermal wearable communication system that 

transmits heat as a metaphor for physical intimacy to share connection with 

their child?” In the next section, I discuss the patterns of using the system in 

further detail. 

5.1.1.   As a way to convey affection 

Results from the diary study showed parents in the field study groups 

predominantly used the thermal wearable system in order to express 

affection which refers to a feeling of loving and caring for children. Even 

though most participants commented thermal feedback supported a pleasant 

feeling when they experienced the cues in the beginning of the study, some 

of them were somewhat skeptical about outcomes of the interaction. One of 

the participants expressed his concerns by saying that his child might not 

feel warm sensation as his physical presence. Nevertheless, a majority of 

children enjoyed the thermal feedback from parents during the field trial as 

the results of first semi-structured interview reveals most children agreed 

with the statement of “I like it when the wristband becomes warm” (Figure 

5.2). After observing the reaction of children and thermally interacting with 

them, the parents considered sending thermal messages as a way to 

communicate with their children in an affectionate manner.  
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Figure 5.2. The results of survey questionnaire in the first semi-
structured interview indicate most of child participants 
positively reacted to thermal cues in the system. 

  

During the debriefing interview, Parent 1 mentioned that thermal 

message is another “loving expression” that she was able to share with her 

child. She explained warmth that the messages contained reminded her child 

a feeling of love.  

“My kid loved it when I sent him heat messages. He actually 
texted me he loves me, too, though I didn’t text him any words. 
After getting the text, I wanted to send him heat message more 
regularly… like saying I love him. Now, we both think heat 
messages are saying I love you.” – Parent 1 

The parent and child in Family 6 came up with their own values of 

thermal messages. For instance, they defined two short signals of thermal 

information as “I am so proud of you” and one long signal as “I love you.” 

When the child was at school and slept over at his friend’s house, these 

interpersonal expressions were delivered to him through the thermal 

wearable system. She stated that the way of sending thermal messages was 

much more comfortable for her to communicate how much she loves and 

cares about him than verbally saying the phrases.  

“It’s getting harder and more awkward (for me) to say how 
much I love him [her child] as he grows up into teen years. And 



 

54 

if I say it too often, the meaning [would] become(s) faded 
away… so I've found it [the thermal wearable system] especially 
helpful to express my feelings towards my child.” – Parent 6 

Furthermore, Parent 7 conveyed affectionate behavioural expressions 

such as hugging and kissing along with the thermal messages. While having 

a video conversation with her child at work, she blew her a kiss over the 

phone and sent a thermal message as an additional emotional cue. In the 

interview, she mentioned expressing physical act of kissing over video call or 

sending emoticons in text messages did not satisfy a child's psychological 

needs, and she was concerned about it. As a consequence, she employed the 

thermal stimulus to augment emotive information in remote communication 

with her child.  

“Because of my work schedule, it’s really hard for me to 
physically interact with him [my child]. So I love to kiss him and 
hug him whenever I see his face over the phone. I actually do it 
and always try to send him emoticons like smiley faces with 
hearts. But (I) always feel that’s not enough. Something is 
missing. I am pretty sure he feels the same way, and I feel so 
sorry for him… so I tried with warmth [thermal message]. It 
doesn’t simulate my kiss, but at least it does simulate warmth. I 
appreciate how it provides the warm sensation to my child.” – 
Parent 7  

5.1.2.   As a way to notify children 

The thermal wearable communication system, TouchMe, was used not 

only to convey a feeling of affection but also to communicate non-emotional 

information to children. The quality of current message in the system merely 

involves thermal display and light indication which amplifies the feature of 

heat cue. In addition, there is no difference in the degree of temperature. 

However, the participants in the field trial group reported that they utilized 

the system to deliver distinct information in different contexts.  
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Two participants, Parent 1 and Parent 2, presented their ideas on 

particular topics within specific time frames. For example, Parent 1 sent the 

messages to her child playing with friends at the playground during dinner 

time in order to let him know “it is time for dinner.” Parent 2 informed her 

child that she was on the way home when she left her office. She reported in 

the diary that she assumed her child would know her intention of sending 

messages because she had regular office hours.  

Parent 6 gave a disciplinary notice to her child to limit his certain 

actions by sending the thermal messages. In the interview, she stated that 

verbal discipline was prone to form a negative communication climate, 

although she spoke to him in calm tones. She said, “It’s always challenging 

for parents when it comes to disciplining their loving children, but it is 

necessary to allow them to do certain things and not to do others.” When she 

shares a physical space with her child, she bodily interacts with him to 

distract or redirect his attention in order to restrict his behaviours. In the 

same manner, she sent the thermal messages to her child to stop playing the 

video game.  

While Parent 6 applied the system to confine the child’s behaviours, 

Parent 7 used the thermal information to let her child to do selected 

performance. For instance, when she encountered some difficulties in 

reaching her child by phone, she thermally communicated her situation to 

the child. In the dairy, she wrote that as his cell phone was turned off, she 

grabbed her child’s attention by continuously sending the thermal messages 

and had him make a phone call to her.  

5.1.3.   As a way to comfort children and oneself  

TouchMe allows a parent to remotely describe heat feedback to a child 

so that the child is able to sense his or her physical presence. It is aimed to 

support one-way remote communication for the child’s social and emotional 
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wellbeing. That is, information in the system is transferred in one direction, 

from the parent (sender) to the child (receiver). Nonetheless, the results of 

the study revealed that the participants interacted with the input prototype, 

which only delivers the data, for children and parents’ themselves to feel 

relaxed and relieved.   

The parent in Family 2 distantly encouraged her child at any situation 

where the child felt uncomfortable or nervous, by highlighting her presence 

and feelings of caring and warmth using the system. For example, she 

encouraged her child with thermal messages when the child was taking an 

exam at school.  

“She (her child) always struggles with nerves when she has 
exams or show and tell. I usually hug her whenever she feels 
anxious. But I can’t do it if I’m not physically with her. So this 
time when she was having the test at school, I used it [send the 
thermal messages] to let her know I am there for her, and will 
be always there.” – Parent 2 

Parent 1 acknowledged the input device as a self-soothing resource. 

She appreciated the soft and warm material of instrument. In the diary, she 

wrote, “The soft fur texture reminds me his [her child’s] short hairs. It makes 

me keep caressing the heart [input device].” She explained the physical 

simulation of stroking her child evoked pleasant memories of the child’s 

earliest year and relieved the symptoms of stress.  

Moreover, Parent 2 mentioned that she felt comforted by anticipating 

her child would receive her messages in the form of heat cue. When she 

interacted with the system, she was not able to feel the heat stimulus at all. 

However, she valued the factor that the system enabled her child to sense 

physical warmth as a metaphor for her presence, and this let her experience 

emotionally being warm. She said, “It would be great if I can feel the warmth 

like my child, but it still makes me feel (emotionally) warm by thinking of her 

having my heat messages.” 
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Parent 6 reported in the diary she experienced enjoyment when she 

thermally communicated with her child at a distance. During the interview, 

she elucidated doing fun activities with her child such as creating their own 

meanings of thermal messages was entertaining and enjoyable, and it 

veritably relieved her worries about him at the same time. She continued, 

“Sending heat messages to my child was like sending Morse code. It was 

really fun. I loved it. And he [child] loved it, too. I’m so glad that I can still 

do some activities with him.”  

The thermal messages were also sent by Parent 7 for her stress or 

guilt relieving purpose. She stated that she had feelings of guilt about leaving 

her child at home and going to work. For this reason, by sending affectionate 

expression with the thermal cue, she soothed her apologetic feelings towards 

her child.  

"Though I couldn’t get any response back, I feel somewhat 
relieved because I could do something for my kid even if I am at 
work. I feel less guilty." – Parent 7 

5.2.  Children’s perceptions and experiences of 
thermal messages  

Each group of parents and children provided different responses when 

they were verbally given a term “warmth” in the first semi-structured 

interview. The adult participants associated affirmative emotions and feelings 

such as “kind”, “friendly”, “affectionate” and “empathy” with the word, 

“warmth.” On the contrary, most of children came up with objects or 

materials that contain or convey physical sensation of being warm; for 

example, they answered, “heater”, “jacket”, “sun”, “fire” and “mom and 

baby.” Nonetheless, a majority of child participants positively assessed 

thermal feedbacks generated in the wearable device (Figure 5.2), and 

recalled feelings of interpersonal warmth.  
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In particular, children in the user groups perceived the quality of heat 

messages with its metaphorical meanings involving parents’ presence and 

attention. For instance, Child 1 and Child 6 experienced the physical 

presence of mother at a distance with thermal messages. In the beginning of 

field study, Child 1 considered the message notified him that his mother was 

physically close to him when he received it. On the other hand, Child 6 

explained the first impression of warmth in the system reminded him “mom's 

cuddles.” He said warm temperature of message suggested him a feeling of 

comfort which he experienced in cuddling with his mom, even though the 

warmth was simulated on his wrist. 

 “I felt that my mom was nearby or beside me.” – Child 1 

“I felt like my mom is [was] cuddling me.” – Child 6 

In addition, Child 2 referred to the thermal messages as physical 

protection from her mother. She expressed that when she was anxious about 

her test or scared of thunderstorms, she felt more secure and confident after 

getting the messages from her parent. She commented, “I was worried about 

my test. But after I got a heat message, I felt better.” 

 “When I got a heat message, I felt like I was protected by my 
mom.”– Child 2 

Child 7 elicited the parent’s loving attention from the thermal 

information. He believed the fact of getting a heat message indicated his 

mother attempted to physically interact with him regardless of the fact that 

she was located at a different place. In the interview, he mentioned it was 

delightful to know she wanted to communicate with him “even at work”.   

 “Every time when I got (the) heat message, I thought my mom 
was thinking of me.” – Child 7 

The results of the field study presented that the prototype also 

encouraged children to have playful and explorative experiences. The system 
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embraced some degree of inherent playfulness not only for adults who 

interact with the prototype, but also for children who experience the 

feedback. The feature of playful interaction was characterized by unique 

tangible values of thermal information.  

By way of illustration, Child 1 said, “it (thermal cue) is warm and nice, 

but at the same time it’s intriguing and fun.” He continued, “It’s not like a 

text message I can read, so I have to guess what she is trying to say 

(through the heat).” Child 6 experienced thermal interaction in a playful and 

affectionate manner. Unlike Child 1 speculating the connotations of message, 

Child 6 designated its values as affectionate verbal expressions with his 

parent, by employing the relative length of thermal signals. He described the 

thermal messages sent by his parent was unique information which can be 

only decrypted by him. He commented, “It’s really fun to decode her 

messages. I felt like I was a detective.”   

The thermal wearable system fostered an intimate atmosphere in 

parent-child communication, but the children also experienced unfriendly 

instances. On the whole, child user groups reported they perceived thermal 

messages as moderate and sympathetic sensory information. However, the 

perceived quality of thermal stimulus was interpreted in a negative way, 

based on the context of situation in which the child received the message. 

The children tended to feel that the tone of thermal interaction was fierce 

and intense when they confronted unsupportive communication climates.  

For instance, as Parent 6 gave the disciplinary notification to her child 

in order to limit the time he spent playing video games, he discerned her 

furious feelings through the message. He mentioned in the interview, “She 

didn’t tell me stop playing game, but I could feel she was pretty angry at me 

(through the message).” He also added that the intensity of thermal 

expression was higher at that moment.  
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 “…and somehow, I felt the heat (message) was hotter than 
before..." – Child 6 

Similarly, Child 1 sensed the heat information as warning signs from 

his parent as he performed undesirable behaviors such as teasing his friend 

or not completing his assignment. He articulated the messages alerted him 

and led him to reconsider his actions. Child 6 noticed the intention of thermal 

interaction from his parent with the messages, whereas in the case of Child 1, 

the prototype reflected his emotional states including a feeling of guilt and 

remorse.   

Thermal communication was likely to be dependent on the situational 

context. Nonetheless, the child participants principally experienced the 

thermal cues as affable and welcoming sensation. The results of survey 

showed that a higher percentage of children responded they felt closer to 

their parents after receiving thermal messages in two-week field trial study 

compared to the initial trial sessions in spite of a smaller number of 

participants (Figure 5.2). 

 

a. initial results from short trial sessions   b. second results from field trials 

Figure 5.2. The results of survey questionnaires show that a higher 
percentage of children agreed with the statement of “I 
felt closer to mom or dad after wristband becomes 
warm.” 
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5.3.  Usability Problems 

The study results also revealed few usability issues in the one-way 

communication method in the thermal wearable system. Above all, most of 

adult participants pointed out a unidirectional flow of thermal information 

from the parent to the child could give rise to didactic communication, which 

is more suitable for or likely to be instructive, rather than interactive 

dialogue. Parent 2 commented, “I actually didn’t feel like I was interacting 

with my child because it wasn’t a mutual way of communicating with her.”  

Parent 1 added, “If I can get any responses from my kid in any form, it’d be 

much better or more effective in terms of interaction.” 

Likewise, the children exposed their desire to thermally respond and 

interact with their parents as receiving the messages.  

“I had to text her [my mom] to tell her I got her message. It'd 
be a lot cooler if I sent her message with heat.” – Child 1 

“I wanted to send her [my mom] my message when I received 
it” – Child 2 

“When I read her [my mom] code [found out the meanings of 
message], I wanted to reply to her in the same way.” – Child 6 

Additionally, several parents expressed their frustration on the 

absence of recipient’s feedback or reaction. They were frustrated by 

uncertainty in the reception of the message as the system did not support 

any feedback from the recipient. According to Parent 6, “I knew this small 

light indicated the messages were transferred, but I wanted to get some 

types of confirmation telling me the message was delivered.” In the 

interview, Parent 7 also mentioned, “Since I kept sending the messages and 

not getting anything from him, I was really wondering whether he got them 

or not.”  
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This led some parents to aspire to sense same thermal expression as 

their children in sending the message. Parent 1 requested in the first trial 

session, “Can I have some heat feedbacks when I send it to my child? Like 

getting haptic feedback when you type something on your phone.” She 

argued having thermal feedback on the sender (parent) would allow her or 

him to not only understand the functionality of system but also have shared 

sensation or experience with the child.   

5.4.  Summary 

In this chapter, I presented the results of the studies, which were 

related to my first and second research questions; 1) How/When do parents 

use a thermal wearable communication system that transmits heat as a 

metaphor for physical intimacy to share connection with their child? 2) How 

does a child sense the thermal feedback as a means to interpret a parent’s 

remote presence?  

I first identified parents’ common behaviours and habits associated 

with the use of thermal wearable prototype with quantitative analysis 

including the frequency of sending messages. The thermal information was 

conveyed to the children for various purposes. The parent participants 

primarily sent the heat messages to express their feelings of loving and 

caring for children. Furthermore, they employed the system to provide 

unsentimental information such as time-related instruction. Interestingly, the 

system was used for parents’ themselves to feel comforted and relieved.  

Then, I described the children’s perceptions and experiences of 

thermal messages in remote communication with parents. Most of child 

participants appreciated the quality of heat stimulus as their parents’ 

presence and attention. While they experienced the thermal messages in a 
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friendly and playful manner, they sometimes sensed the heat information as 

cautioning notifications from their parents in certain situations.  

Finally, I examined some issues that the participants experienced 

while using the system. In the following chapter, I summarize the key 

findings discussed in this chapter and present guidelines for future design of 

thermal wearable communication system for parent-child remote interaction.  
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Chapter 6.    
 
Implications for Future Design 

The aim of this thesis was to explore and evaluate the quality of 

thermal stimulation as a metaphor for physical intimacy in remote interaction 

between parents and child. In this chapter, I summarize the main findings of 

the study with respect to my last research question; 3) What are the values 

or benefits of thermal feedback in remote communication system to interact 

with a child? Moreover, I outline the major implications of the results for how 

future thermal wearable systems should be designed to facilitate parent-child 

remote communication. I then reflect upon my study procedure and discuss 

limitation of study.  

6.1.  Values and potential benefits of thermal 
feedback in parent-child remote 
communication  

The results from the study revealed several fundamental values and 

potential benefits of thermal messages to augment distant communication 

patterns in parent-child relationship. In this section, I highlight four 

underlying themes; 1) Unobtrusive way to express a feeling of affection 

towards a child, 2) Action triggers, 3) The sense of comfort, and 4) The 

uniqueness of thermal information. This includes the design implications for 

future parent-child remote communication system simulating thermal 

expression with wearable technology like TouchMe. 
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6.1.1.   Unobtrusive way to express a feeling of affection 
towards a child 

My results indicate that the participants in the field trial study 

exclusively value the thermal information in the system as an emotional 

communication channel. Most of the parent participants used the system to 

express a feeling of affection towards their children. For example, Parent 2 

sent thermal messages to share a feeling of connectedness with her child. 

These findings were in line with the results found in earlier thermal 

interaction studies, for instance, by Lee and Lim (2010). However, unlike 

their findings of thermal sensation as an ambiguous language, I discovered 

the children intuitively understood the intention of thermal messages and 

acknowledged the messages as loving attention from their parents. Though 

the thermal cue did not encompass any literal information, the gentle 

sensation of mild heat evoked their memories and perception of skin-to-skin 

interaction with their parents.   

In the initial semi-structured interview, a majority of participants, 

including both parents and children, associated the physical sensation of 

warmth from the thermal messages as intimate feelings of interpersonal 

warmth through social interaction. This result indicates their preconception or 

pre-experience of warm sensations are relatively positive. Lee and Lim 

(2010) argued this phenomenon could be related to homeostasis which 

people are inclined to regard warmth as a favourable sensation due to their 

biological needs to maintain a stable body temperature. So to speak, heat 

cues have a high potential to be used to convey the feelings of love and care 

within intimate relationship such as parents and child. 

Specifically, as my study analysis has shown the thermal messages 

from parents, mothers in particular, would be even more expressive and 

meaningful to the child who experienced the very first physical sensation of 

warmth from their mother as a fetus. In other words, the heat information 
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could be substantial and salient when it comes to conveying affection to the 

children in an unobtrusive manner; which does not involve any effusive 

verbal expressions by sending a text message with emoticons or making a 

phone call.  

Nonetheless, designers need to keep in mind how to manipulate 

thermal information within the appropriate situation or context in which the 

child experiences the warm sensation. Warmth can have the same direct 

impact as a parent’s oral communication. The context of the situation itself 

could regulate the reactions of child who receives the heat messages and 

lead the child to recreate the context to fulfill his or her communicative 

intentions. For example, an appropriate heat message from the parents 

would be more persuasive when the child is in need of parental emotional 

support rather than when he or she wants to explore achievement activities 

of his or her own choosing. This is demonstrated in the different experiences 

of Child 1 and Child 2; While Child 1 sensed the thermal sensation as 

warning signals when he felt guilty from doing an undesirable behaviour, 

Child 2 felt relaxed by the thermal sensation because she was nervous and 

need to be calmed down. As a consequence, the designers should keep in 

mind that sensory cues such as thermal information incorporate contextual 

factors in the children’s interpretations.    

6.1.2.   Action triggers  

From the field trial study, I found that thermal messages which were 

delivered to the children triggered their further actions. This is similar to a 

finding by Lee and Lim (2010) whose study reported that one participant in 

the user study sent a low temperature of thermal messages to his girlfriend 

to wake her up. My research extends this prior work by focusing on the 

children’s perception and experiences of thermal information. As described in 
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section 5.1.2. in Chapter 5, the thermal information non-verbally persuaded 

the children to stop playing the video game and return home to have dinner.  

The result of these two studies suggest that the thermal stimulus has 

invaluable factors that influence the behaviour of its receiver (child). This 

could be originated from the reciprocal nature of skin-to-skin contact which is 

referred to the person (parent) initiating the action as the person is being 

touched. Suffice it to say, the mutual information created by physical 

interaction brings out the spontaneous performance that children voluntarily 

satisfy parent expectation instead of touching their parents. What’s more, a 

specific time frame served for disambiguation of the thermal message and its 

correct semantic interpretation by recipient (child) to allow them to take 

some actions. For instance, when Child 1 received the heat message during 

the dinner time, he perceived the message asking him to go home to have 

supper.  

Thus, the designer should consider any behavioural changes of young 

children in thermal messaging devices and the way to employ the value of 

thermal information as an action trigger. For example, it could be applied for 

children’s educational purpose in guiding their behaviour in positive and 

supportive ways. As Parent 6 pointed out in the interview, verbal reprimands 

tend to hurt a child's feelings and possibly give a negative impact on parent–

child relationship. In this case, I believe that thermal wearable systems like 

TouchMe could offer disciplinary or directive information to the child with 

calmer and warm tones of messages, though this might require the process 

of imparting general instructions or meanings of information to the child 

before using the system.  
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6.1.3.   The sense of comfort  

Thermal comfort  

 My findings revealed that warm sensation in the system supported 

thermal comfort which refers to the condition of mind that expresses 

satisfaction with the thermal information. The prototype provided 

psychological comfort and reassurance to children by enhancing the 

children’s sense of security in parent-child relationship. Brewster and Hughes 

(2013) performed a control experiment to investigate the design space of 

thermal user interfaces with a wider range of heat stimulation. The results of 

their study demonstrated that changing the temperature of heat stimulus 

from neutral skin temperature could arouse the feeling of comfort. 

Furthermore, Neumann (2007) confirmed this result by arguing that physical 

warmth provokes the release of the stress relief hormone, oxytocin, which 

plays an important role in modulating emotional responses which contribute 

to social trust. William ad Bargh (2008) also suggested physical sensation of 

warmth reinforces the feeling of emotional warmth and the formation of 

social bonds.  

My thesis extends previous literature by studying the values and 

potential benefits of thermal cues in remote communication interacting with 

children. As discussed in the previous chapter 5.1, the young participant 

recalled physical interaction with his parent from the thermal cues and the 

experienced a feeling of comfort. In addition, another child sensed the 

thermal messages as physical protection from her mother. Ultimately, the 

questionnaire results showed that the children felt closer to their parents 

after experiencing the sensation of warmth in the system for two weeks. This 

suggests that designs for interacting with a child at a distance should 

integrate sensory information such as thermal stimulus into systems in order 

to enhance interpersonal communication in an emotive and expressive 

manner.  
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For both parent and child 

Through the exploration of one-way communication from parent to 

child in thermal wearable communication system, my study demonstrated 

thermal information has some values for the children to evoke pleasant 

memories of interacting with parents and to then induce a feeling of the 

parents’ presence. The children also appreciated how their parents attempted 

to interact with them at a distance. Interestingly, however, my study also 

showed that the system has high potentials to support a sense of comfort for 

both users, a parent and a child.   

In my study, the young participants experienced comfort by having 

the heat cue from the parents, whereas the parents felt relieved by sending 

the thermal message to their children. This points to a need to understand 

the social roles and needs of both the parent and child within interpersonal 

interaction. For example, the fundamental role of parents could be 

considered as a “provider.” The parents have a vital role to provide not only 

physical care to fulfill the children’s biological needs but also emotional 

resources such as love, appreciation, encouragement, and guidance as the 

children develop their cognitive and social skills. On the other hand, the 

young children need to obtain physical protection as well as emotional 

support from their parents.   

From the interviews with the parents in the field study user groups, 

they had in general a feeling of guilt that they could not spend much time to 

pursue their roles and responsibilities in their children’s development. The 

mere act of sending thermal messages to their children and anticipation of 

child experiencing the warm sensation allowed them to feel relieved from the 

pressure of maternal duty. This analysis suggests interacting with sensory 

modalities such as heat information could support the sense of comfort for 

both parents and child, and possibly bring out positive communication 

experiences in further interaction with the child. 
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However, the designer should consider displaying the children’s 

requests and responses of thermal feedback so that the parents have a 

better understanding of their situation and use the system to remotely 

encourage them. The thermal information needs to be delivered in the 

appropriate context because the context of situation itself possibly regulates 

the reactions of children as mentioned in section 6.1.1. For example, the 

communication system would enable a child to simply tap the interface to 

indicate that he or she wishes to have thermal information from the parent. 

This request would assist the parent to immediately send thermal support to 

the children.    

Another application of this system would be the emotional health care 

for children with thermal information. Automatic reporting system that 

reflects emotional status of children would be helpful for the parent to 

comprehend their actual states and identify the appropriate time when they 

need thermal information. For instance, the wristband performs self-

monitoring on the children’s psychological states with measurement of heart 

rate and transfers data to their parents. Understanding the emotional needs 

of child and sending thermal information at a pertinent moment would allow 

both parent and child to feel relief and comfort by achieving their social roles 

and demands.  

6.1.4.   Uniqueness in thermal information  

My results highlight that thermal information has its own unique set of 

values as communication cues in distant interaction with a child. As discussed 

in the preceding chapter 5.2, the thermal sensation was occasionally 

perceived as multiple degrees of temperature based on the situation in which 

the child experienced the message. This could be a result of the 

environmental temperature or the child's emotional states. Consequently, 

this suggests designers should consider what types of elements influence the 
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child’s perception of thermal information and how they change his or her 

experiences on the heat sensation.  

The different perception of thermal information led the child to feel 

more intense in remote communication with the sender. This implies various 

of temperatures in the heat cue might be used for diverse purposes. For 

example, a higher temperature of thermal message could be sent for 

informing an emergency or giving disciplinary notification to a child. On the 

contrast, a lower temperatures of thermal feedback would be utilized to wake 

up the recipient. For instance, the parent could use the system with a cold 

message as a morning alarm to wake up his or her child.   

Designer should also consider giving the parents an option to adjust 

the multiple degrees of temperature in thermal messages so that they could 

use it based on their own experiences and interaction with a child.  

6.2.  Limitations of the study 

I outlined the main findings of my study and analyzed the results to 

investigate any values and potentials of thermal feedback in remote 

communication system to interact with a child. However, I identified factors 

that might have interfered the pattern of analysis. In this section, I discussed 

four key elements which hindered the strength of my study; limited distance 

range of daily usage, cultural perceptions on thermal information, limitation 

in purposive sampling, and short research timeframe.  

6.2.1.   Limited distance range of daily usage 

In order to implement the idea of exploring distant interaction in 

parent-child communication with heat stimulation as a metaphor for physical 

intimacy, a pair of prototypes in the thermal wearable communication system 
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was connected with a wireless shield called Arduino Xbee. Although the shield 

allows the input device to remotely transfer the parent’s touch pattern to the 

output device up to 40km, multiple competing signals from nearby devices 

interfered with wireless communication between input and output prototypes 

in practice.  

Accordingly, the thermal communication distance between parents and 

children in the user group was limited in the field study. This might lead to 

constraint the range of behaviors in the system use and bring some 

challenges in isolating the emergent patterns and themes in data. To solve 

the issue of inadequate strength in the patterns, I will further investigate 

parent-child thermal interaction with an extended range communication 

system in the next field trial. 

6.2.2.   Cultural perceptions on thermal information 

Another limitation of my study may arise from the lack of cultural 

diversity of the participants. Ethnic identities of most participants in my study 

were Korean and Canadian. In general, their feedback on thermal sensation 

was positive. Nearly all users in the study associated pleasant feelings with 

the warm sensation. However, these results could be affected by cultural 

factors. As pointed out by Markus and Kitayama (1991), culture tends to 

shape individual perception and cognition by giving sets of values and needs, 

which influence fundamental sensory perceptions of people. The sensory 

inputs affect human perception and cognition “at an individual level”, but this 

also encompasses a variety of “top-down processes that are automatically 

recruited to construct a conscious percept from the input” (Kitayama, Duffy, 

Kawamura & Larsen, 2003).  

Furthermore, norms to express individual emotional states are 

predominantly dependent on “nationality and other cultural identities” 

(Matsumoto, 2009). According to Lee and her colleagues (2009), the 
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linguistic terms expressing perceived thermal sensation in English, Japanese, 

and Korean illustrates a positive feeling. Particularly, the expression of 

thermal sensation as warm in Korean and Japanese implicitly represents “a 

thermally comfortable or satisfied state.” Therefore, future studies should 

involve culturally diverse participants having various perspectives on thermal 

information in order to strengthen the validity of the research.  

6.2.3.   Limitation in purposive sampling 

In an effort to perform an in-depth investigation in parent-child distant 

communication, this study was conducted on a specific group of working 

parents and children residing in the lower mainland in British Columbia. As 

Creswell (2005) claimed, the objective of qualitative research is not “to 

generalize to a population, but to develop an in-depth exploration of a central 

phenomenon” (p. 203), which is best accomplished by employing purposive 

sampling strategies. The snowball method used in this study is a form of 

purposive sampling which “typically proceeds after a study begins and occurs 

when the researcher asks participants to recommend other individuals to 

study” (p. 206). As a consequence, my criteria to select the participants 

could be highly apt to be subjective and arbitrary and weaken the data 

analysis.  

6.2.4.   Short research timeframe 

This qualitative research was conducted for a duration of 16 days 

including the initial semi-structured interviews and debriefing interviews. 

Creswell (2012) argued that qualitative research requires the investigators 

“commit to extensive time in the field”. They need to “spend many hours in 

the field, collect extensive data, and labor over field issues of trying to gain 

access, rapport, and an “insider” perspective” (p. 49). The limited research 

timeframe presented some difficulties in gathering sufficient data to be 



 

74 

saturated. With longer research duration, it would be possible for this study 

to observe and identify any cultural contexts that might influence the 

children’s perception on thermal feedback from their parents. In the next 

study, I will make an effort to collect data until there is no new emerging use 

patterns of sending the thermal message.  

6.3.  Summary 

This chapter summarized the key findings of the study that addressed 

my last research question; 3) What are the values or benefits of thermal 

feedback in remote communication system to interact with a child? The 

results of my design study pointed to several significant themes; 1. 

Unobtrusive way to express a feeling of affection towards a child, 2. Action 

triggers, 3. The sense of comfort, and 4. Uniqueness in thermal information.  

First and foremost, my results revealed that thermal feedback in the 

distant interaction system could be employed in an unobtrusive way to 

express a feeling of affection towards a child. Most participants in the user 

group considered the heat cue as an emotive communication channel. They 

experienced intimate feelings of interpersonal warmth from the physical 

warmth generated in the system. Thus, the parents used the system to 

express a feeling of affection towards the children. Surprisingly, the children 

associated the thermal messages with physical interaction with parents and 

acknowledged the messages as their loving attention.   

The heat information may be used as an action trigger in certain 

contexts. In the study findings, the thermal feedbacks non-verbally 

persuaded the children to stop playing the video game and go home to have 

dinner. Lee and Lim (2010) confirmed this result by discovering the use of 

thermal expressions as an alarm application to wake up the message 
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receiver. Therefore, the designer may adopt any behavioural changes of 

children in thermal messaging devices to use for their educational purposes.  

 The thermal messages offered psychological comfort and reassurance 

to children as well as parents. While the physical sensation of warmth in the 

messages supported the children’s feeling of emotional warmth, the act of 

sending the messages to the children and expecting them having the warm 

sensation let the parents to feel relieved from the pressure of maternal duty. 

This indicates interacting with heat information could enhance the sense of 

comfort for parents and child, and possibly cause positive communication 

environments in the further interaction. 

Finally, my study underlined that thermal information has its own 

unique values. Based on the situation in which the child received the 

message, the thermal sensation was perceived as multiple degrees of 

temperature. This suggests designers should consider any environmental 

elements or child’s inner emotional states which might influence the child’s 

perception of thermal messages.  

Even though it was hoped that established methodological approach 

guided the discreet planning of this research design, I discovered four 

limitations which might weaken the strength of my study. Limited distance of 

sending thermal messages constrained the range of behaviors in the system 

use and brought some difficulties to identify the emergent patterns in data. 

Another limitation of my analysis might result from the lack of cultural 

diversity of the participants because the perceptions and expressions of 

warm sensation could rely on cultural identities. Moreover, the selection 

criteria in snowball sampling methods was prone to be subjective and biased. 

Finally, the short duration of this research limited sufficient data gathering.  
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Chapter 7.    
 
Conclusion  

This thesis has explored the values of thermal information as a 

metaphor for interpersonal touch in parent-child distant interaction. Through 

a prototyping approach, it aimed to gain an in-depth understanding of 

potential benefits and experiences of thermal messages in remote 

communication. In this final chapter, I summarize my research goals and 

contributions, and discuss next stage of research to augment remote 

communication patterns in parent-child relationship using thermal expression 

with wearable technology.  

7.1.  Research goals  

Despite the efforts of HCI researchers to employ various sensory 

modalities as alternative ways to deliver emotional information, there is a 

lack of understanding how to incorporate thermal sensation in interactive 

systems to ameliorate remote communication patterns. My overarching 

research goal in this thesis was therefore to investigate how thermal 

expression portrayed by wearable technology can enhance parent-child 

distant relationship based on three research questions: 

1. How/When do parents utilize a thermal wearable communication 

system that transmits heat as a metaphor for physical intimacy to 

share connection with their child? 
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2. How does a child sense the thermal feedback as a means to 

interpret a parent’s remote presence?  

3. What are the values or benefits of thermal feedback in remote 

communication system to interact with a child? 

7.2.  Research contributions   

In order to address the research questions, I prudently designed and 

developed a thermal wearable communication system which triggers 

temperature sensory modality framed within two primary design principles: 

thermal messages and the somaesthetic design framework in a form of 

wearable technology for parent-child connection.  

I then evaluated the prototype with working families in which parents 

in the work-force spent time away from their children using a qualitatively 

focused methodological approach. The findings from field study revealed 

usage patterns of senders (parents) which encompass my first research 

question. The parents accessed the thermal wearable system 1) as a method 

to express affection towards their children. By sending heat cues, they also 

attempted 2) to provide non-emotional information to the children such as 

disciplinary messages to stop playing games. Fascinatingly, they used the 

system in order 3) to give the sense of comfort for children and for 

themselves.  

In addition, my analysis showed how their children perceived and 

experienced thermal messages in remote communication with parents. This 

involves my second research question. Majority of children appreciated the 

quality of heat stimulus as their parents’ presence and attention. Whereas 

they mostly felt the thermal messages in a friendly and playful manner, they 
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occasionally sensed the heat information as cautioning notifications from 

their parents in certain situations.  

From the results, I discovered several fundamental values of thermal 

messages and system usages that address my last research question.  The 

participants deployed the thermal wearable prototype with their own values 

and interpretations by highlighting four underlying themes; 1) Unobtrusive 

way to express a feeling of affection towards a child, 2) Thermal message as 

an action trigger, 3) The sense of comfort, and 4) Multiple interpretations of 

thermal feedback. Most participants in the user group regarded the heat cue 

as an emotional information. They felt intimacy from the physical warmth 

created by the system. The system therefore has high potential to be used as 

unobtrusive way to express a feeling of affection towards the children. 

Furthermore, the thermal feedbacks non-verbally persuaded the children to 

stop playing the video game and go home to have dinner, so the heat 

information could be applied as an action trigger in certain contexts. The 

thermal messages supported psychological comfort and reassurance to 

children as well as parents. This implies interacting with heat cue could 

enrich the sense of comfort for both parents and child. Based on the situation 

in which the child received the message, the thermal sensation was 

perceived as multiple degrees of temperature. The different perception of 

thermal information led the child to feel more intense in remote 

communication with the sender. This indicates various of temperatures in the 

heat cue might be used for diverse purposes. 

Though there are four factors might limit the strength of my findings 

as discussed in the previous chapter, this thesis affords insight for a more 

effective and flexible design in thermal interfaces to ameliorate parent-

children distant communication by discussing the potential values and 

benefits of thermal sensation in wearable technology.  
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7.3.  Future work   

While this thesis has demonstrated the potentials of thermal 

information exploring with wearable technology in parent-child remote 

communication, this research could be extended with further studies. In the 

thesis, I focused on a one-way flow of communication from parent to child in 

the system to understand the child experiences and perspectives of warm 

messages, concerning the problems brought by the absence of physical 

contact from a caregiver in remote interaction. However, as pointed out by 

some participants, the linear process of sending information could be more 

suitable to instructional interactions rather than expressive dialogues 

between parents and child. Additional research investigating reciprocal 

exchanges of heat cues may elucidate the role of thermal information as an 

interactive communication channel. Consequently, I would suggest that 

future research examines the effects of thermal messages in mutual 

interaction between parent and child to provide insight into how the heat 

feedback offers social and emotional support in distant communication as 

well as interpersonal relationship.  

7.4.  Final words 

Physical contact such as interpersonal touch has shown to play a 

critical role in governing not only social interaction but also our emotional 

well-being (Barnett, 2005; Hertenstein et al., 2006). In particular, it is 

essential to children’s growth of physical abilities, cognitive skills, and social-

emotional competency. Thermal sensation accompanied by touch stimulates 

the release of the stress relief hormone, oxytocin, and regulates emotional 

responses which could contribute to social trust (Neumann, 2007). A number 

of researchers therefore have attempted to support more convincing and 

abundant information in HCI by adopting thermal cues as an emotive 

communication channel. In spite of their efforts, there is a need to 
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investigate the potential values and experiences of thermal feedback as a 

metaphor for physical intimacy to improve remote communication between 

parents and child.  

In order to solve this issue, thermal wearable communication was 

developed and evaluated in this thesis. Through the qualitative research 

approach, we learned users conveyed their feelings as well as non-emotional 

information to their children using the thermal wearable application. 

Moreover, the children interpreted heat feedbacks as parent’s loving 

attention and presence. The analysis of qualitative study highlighted thermal 

information incorporated into wearable technology has high potentials to 

augment remote communication patterns in parent-child relationship. Even 

though there are some challenges and limitations in the study, I believe the 

lessons shed light on how thermal wearable application can enhance remote 

interaction for parent-child communication and how it needs to be designed 

in the future.  
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Appendix A.  
 
Preliminary Pilot Study Questionnaire 

Occupation:______________            Gender: M/F      Age: ____  

Part 1: Please rate along the following dimensions (circle one 

number). 

1. Using thermal sensation in remote communication sounds interesting. 

      Not at all         ~       Definitely  

1  2  3  4  5 

 

2. Touching interaction with an input device is pleasant. 

      Not at all         ~       Definitely  

1  2  3  4  5 

 

3. Having thermal sensation on my skin is pleasant.  

      Not at all         ~        Definitely  

1  2  3  4  5 

 

4. Having thermal sensation on my skin reminds touch interaction.  

      Not at all         ~        Definitely  

1  2  3  4  5 
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5. Having thermal feedback with vibrating sensation reminds touch 

interaction.  

      Not at all         ~        Definitely  

1  2  3  4  5 

 

6. Having thermal feedback with squeezing sensation reminds touch 

interaction.  

      Not at all         ~        Definitely  

1  2  3  4  5 

 

7. Having thermal feedback would increase the efficiency of communication.  

      Not at all         ~        Definitely  

1  2  3  4  5 

 

 

PART 2: Open-ended Questions 

1.   How did you feel warmth in remote communication system? 

2.   What did you sense from warmth?  
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Appendix B.  
 
Recruitment Poster for Facebook 

Are you a working parent of a child? 

SFU researchers are looking for working parents to participate in a study will 

investigate communication patterns between parents and their young child 

through the uses of new wearable communication systems.  

If you join this study, you will be asked to take part in a short interview with 

some questions regarding current experiences in remote communication 

system. You and your child will also be abled to try new communication 

system for 2 weeks and write your experience as diary form.  

You will be rewarded $50 for your time and effort to participate in this study.  

*Note: To be eligible, you must be a working parent who has at least one 

child between the ages of 7 to 11.  

For more information, or if you are interested in participating in this study, 

please contact: Sun-Min Lee  
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Appendix C.  
 
Recruitment Poster  

  

Are you a working parent of a child? 

To be eligible, you must be: 

- A working parent who has kid(s) that have at least one child between the 
ages of 7 to 11. 

 

Through this study, we want to understand:  

- How or When do parents use a wearable communication system that 
transmits heat as a metaphor for intimacy? 

- How does a child sense the thermal feedback as a means to interpret a 
parent’s remote presence?  

- What are the values or benefits of thermal feedback in remote 
communication system to interact with child?   

 

Interview and Diary study: 

You will be asked to take part in a short interview with some questions 
regarding current experiences in remote communication system. You and 
your child will also be abled to try new communication system for 2 weeks 
and write your experience as diary form.   

 

SFU researchers are looking for working parents to participate in a study will 
investigate communication patterns between parents and their young child through 
the uses of new wearable communication systems. 
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Compensation: 

You will be rewarded $50 for your time and effort to participate in this study. 

 

For more information, or if you are interested in participating in this study 

please contact: Sun-Min Lee 
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Appendix D.  
 
Survey Questionnaire 

PART 1: Please indicate to which extent you agree or disagree with the 
statements below. 

      A. Parents Questions 

1.   The way of interacting with child in using the remote wearable 
communication was effective to share or convey connection with 
her or him. 

O I strongly agree  

O I agree  

O Neither agree nor disagree  

O	  I disagree  

O	  I strongly disagree 

 

2.   After using the new system, the frequency of conversation with 
child has been increased.	  	  

O I strongly agree  

O I agree  

O Neither agree nor disagree  

O	  I disagree  

O	  I strongly disagree 
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3.   I feel closer to my child after using the system.	  	  

O I strongly agree  

O I agree  

O Neither agree nor disagree  

O	  I disagree  

O	  I strongly disagree 

 

4.   I would like to send thermal messages to communicate with my 
child later. 

O I strongly agree  

O I agree  

O Neither agree nor disagree  

O	  I disagree  

O	  I strongly disagree 

 

  B. Child Questions  

1.   I like it when the glove becomes warm.  

      O a lot JJ   

O much J  

O so-so K   

O not much L  
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O	  not at all LL   

 

2.   I feel closer to mom or dad after glove becomes warm. 

 O a lot JJ   

O much J  

O so-so K   

O not much L  

O	  not at all LL   

 

3.   Warm glove helps me to talk with mom or dad.  

O a lot JJ   

O much J  

O so-so K   

O not much L  

O	  not at all LL   

 

4.   I want mom or dad try on warm glove. 

 O a lot JJ   

O much J  

O so-so K   

O not much L  
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PART 2: Open-ended Questions 

1.   How did you feel warmth in remote communication system? 

2.   What did you sense from warmth?  


