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Abstract 

Mindful breathing exercises have been proven to reduce stress and increase focus. While 

technologies are increasingly being used to support mindfulness practices, there has been 

little research that has evaluated how different modalities can affect everyday awareness. 

I utilized a research through design methodology to develop three different artifacts that 

use different feedback modalities to alert participants when their breathing pattern shifts 

from optimal diaphragm breathing to chest breathing. Using a mixed-methods study, I 

analyzed how different feedback modalities influence diaphragm breathing, and the 

corresponding impact on stress reduction, focus and productivity for students in everyday 

work activities. My findings show that when participants were able to achieve optimal 

diaphragm breathing patterns their stress decreased and their focus increased, especially 

if they participated in a regular body-based practice. I utilized my results to evaluate the 

five design guidelines that were applied in the development of the three different artifacts. 

Keywords:  Everyday activates; mindfulness; tangible; wearable; interactive; feedback 
modality 
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Dedication 

To the friends and family of the mentally ill – there is hope. 
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Chapter 1.  
 
Introduction 

Mindfulness practice has been known to reduce stress and increase focus 

(Consolo, Fusner, & Staib, 2008; Williams & Kabat-Zinn, 2011a). While mindfulness 

interaction technologies are increasingly being used to support mindfulness practices, 

there has been little research that has evaluated how different modalities can affect 

everyday awareness. Drawing from my investigation of mindfulness, embodiment, and 

interactive experiences in HCI, I discuss five design guidelines that were used to develop 

the three artifacts. The five design guidelines include qualities of the tool, materiality, 

interaction to transform awareness, reflection and discovery and meaning-making. In this 

thesis, I utilize a research through design methodology to develop three different artifacts 

that use visual, haptic and audio feedback modalities to alert participants when their 

breathing pattern shifts from the more optimal diaphragm breathing (Consolo et al., 2008) 

to the less optimal chest breathing.  

1.1. Mindfulness 

Mindfulness practice is one approach that connects subjective wellbeing with body 

awareness on a moment-to-moment basis. The practice is about living in the moment 

(Britton, 2006; Frewen, Evans, Maraj, Dozois, & Partridge, 2008; Salmon, Lush, Jablonski, 

& Sephton, 2009).  

Publications using mindfulness practice as an intervention for healthcare concerns 

have risen steeply in the last few years (Williams & Kabat-Zinn, 2011b). These 

interventions have proven to be beneficial for anxiety, depression, behavioral change, and 

chronic pain (Amen, 2008; Feldman, Hayes, Kumar, Greeson, & Laurenceau, 2007; 
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Hayes, Strosahl, & Wilson, 1999; Jain et al., 2007; Kabat-Zinn, Lipworth, & Burney, 1985; 

Singh, Lancioni, Winton, & Singh, 2011).  

Often, when novices are meditating, they are asked to focus on something that is 

happening in the moment. This focus is often on breathing (Debra E. Burdick, 2013; Kabat-

Zinn & Hanh, 2009a). However, optimal diaphragm breathing can be difficult to accomplish 

in environments that are stressful.  

Stress is one’s response to a real or perceived threat to their environment. The 

threat can be physical or psychological (Broome, 1995; Buéno, Collins, & Junien, 1989; 

Seaward, 2014). Stress is not always negative. Stress enhances motivation and helps us 

focus on the task at hand. When stress becomes chronic, there is an increased risk of 

more serious mental health issues such as anxiety disorder. Anxiety is defined as an 

intense, unsettling feeling for lengthy periods of time that can last for days, months or 

years and often a person suffering from anxiety disorder has difficulty identifying the cause 

(Salmon et al., 2009).  

For my analysis of stress, I examine the participants’ felt stress. In work 

environments, felt stress is defined as “a condition in which job factors interact positively 

or negatively with the employee altering his/her psychological condition in a way that 

requires a person to deviate (mind or body) from normal functioning” (Roberts, Lapidus, 

and Chonko 1997). To measure stress, I use artifacts to determine the felt experience of 

the participants, and I employ a qualitative approach to understand the participants’ real-

time response to stress.  

1.2. HCI Technologies in Mindfulness Practice 

HCI technologies are increasingly being used to support mindfulness practice. 

Common commercial mindfulness technologies include applications for smartphones and 

wearable and tangible computing. Examples of mindfulness applications for the 

smartphone include The Mindfulness App by MindApps (“MindApps,” n.d.) and 

Mindfulness Meditation from Mental Workout (“Mindfulness Meditation,” n.d.). Examples 

of wearable and tangible technology for mindfulness meditation include Spire (“Spire is 
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the first wearable to track body, breath, and state of mind.,” n.d.) and SmartMat. Each of 

the examples listed above differ from my artifacts because users have to stop their work 

related tasks to initiate mindful exercises. My artifacts are designed to allow the participant 

to work on their mindful breathing exercises while they continue with their task-at-hand.  

1.3. Research Questions 

Using a mixed-methods exploratory study, I examine how feedback modalities in 

wearable and tangible technologies influence the effectiveness of mindfulness exercises, 

and the corresponding impact on stress reduction, focus, and productivity in everyday 

work activities.  

My thesis investigates whether technology can encourage an awareness of 

breathing patterns when functioning in everyday work environments. With this 

investigation, I ask the following research question: 

RQ: How do feedback modalities support the practice of mindful diaphragm breathing in 

everyday work activies?  

To answer this overarching question, I apply a research through design 

methodology and a set of design criteria to create artifacts that compare and evaluate 

output modalities. My evaluation is based on a mixed methods approach which requires 

both qualitative and quantitative responses from participants.   

To evaluate the participants’ experience of their mindfulness practices, I use a 

qualitative approach: 

1. How did the feedback modality affect the user awareness of 1) their mind/body 
connection and 2) their environment? 

2. How did the materiality of the feedback modality affect the felt experience of the user? 

3. How did the user’s reflection on breath change their experience with the task-at-hand?  
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4. When an artifacts’ feedback alerts the participant of stressful respiration patterns, does 
the participant use this information to learn about their body and how it interacts with 
the world?  

To evaluate the efficacy of the participants breathing patterns which are indicative 

of their stress levels during mindfulness practices, I use a quantitative approach: 

1. Do certain feedback modalities encourage participants to spend more time 

engaged in diaphragm breathing than chest breathing? 

2. Do participants transition more easily to diaphragm breathing with the modality 

that they prefer? 

I present the preliminary outcomes of the effect of wearable and tangible devices 

on self-awareness. My findings show that when participants can achieve the optimal 

diaphragm breathing patterns, their stress decreases and their focus increases. In 

addition, participants who perform a regular body-based practice are better able to focus 

on their breathing while they attend to their everyday task-at-hand. I use my results to 

evaluate five design guidelines that were applied in the development of the three mindful 

artifacts. As this is a preliminary review, further mixed-method studies will be needed to 

generalize the findings.   

This thesis contributes to the HCI community by supporting technology research that 

develops self-awareness of our breathing and thus our stress levels. Eventually, as we 

become more aware of changes in our breathing patterns, we are better able to manage 

our own health and well-being.  

1.4. Structure of Thesis Chapters 

This thesis investigates the design of three artifacts specifically constructed to 

initiate diaphragm breathing for the purpose of reducing stress and increasing focus. I 

examine how each modality affects participants differently and determine if any of the 

artifacts did help the user reduce stress and increase focus.  

In chapter 1, I introduced my research challenge of supporting mindful breathing 

with tangible and wearable computing. I discussed key terms that proved useful in the 
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development of the artifacts, I introduced the design challenge, and I presented my 

research questions. This chapter defined my research challenges and presented topics 

discussed in the literature review.  

In chapter 2, I present a literature review that is used as the foundation for the 

development of a guidelines for mindful artifacts for the embodied user. The literature 

review is divided into three sections: mindfulness, embodiment, and interactive 

experiences in HCI. In the mindfulness section, I investigate how novice practitioners use 

breathing and acceptance of thoughts, body sensations, and emotions to create positive 

fluid shifts in their emotional states. In the second section, I discuss multiple frameworks 

and concepts that are currently being used in embodiment research in HCI. In the third 

section, I explore interactive experiences in HCI including tangibility and m-Health 

technology. In the m-Health section, I discuss my prior work interviewing occupational 

therapists and their clients.  

In chapter 3, I introduce a proposed guidelines for mindful. Themes in this chapter 

include qualities of the tool, interaction to transform awareness, materiality, reflection and 

discovery, and meaning-making. Secondly, I discuss the implementation of the guidlines 

with respect to the three artifacts.  

In chapter 4, I discuss the methodology of research through design and provide an 

overview of the mixed-method study. I present the research questions and the main 

features of the study design including recruitment, collecting the data, analyzing the data, 

and validity and reliability. Chapter 5, examines the qualitative and quantitative analysis 

separately. In Chapter 6, I triangulate the data presented in chapter 5 to answer my 

research questions and evaluate the guidelines for mindful artifacts. Finally, in chapter 7, 

I conclude the thesis by presenting a summary of previous chapters, contributions to the 

HCI community, limitations of the study, and future work.  
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Chapter 2.  
 
Review of Literature on Mindfulness, Embodiment 
and Interactive Experience in HCI 

The goal of the literature review in this chapter is twofold: 1) to highlight the gaps 

in the literature on Mindfulness, Embodiment and Interactive Experience in HCI, and 2) 

from those gaps, and based on my research through design methodology, to establish 

proposed design guidelines that can aid in the development of mindful artifacts for the 

embodied user. The literature review is divided into three sections: mindfulness, 

embodiment, and interactive experience in human-computer interaction (HCI) (Figure 

2.1).  

Figure 2.1. Topics of the Literature Review 

I review both theory and practice in order to analyze how prior research has 

developed the technological design of mindful artifacts. My research focuses on mindful 

technologies that can alert users when they are not achieving optimal diaphragm breathing 

patterns.  
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Mindfulness is described as “bringing one’s complete attention to the present 

experience on a moment-to-moment basis” (Kristeller & Hallett, 1999). Understanding how 

to bring one’s attention to the present can be difficult to do without training. Research has 

shown that mindfulness practice does reduce stress (Alidina, 2014; Ruth A Baer, 2005; 

Debra E. Burdick, 2013; Kabat-Zinn, 1994).Mindfulness is described as “bringing one’s 

complete attention to the present experience on a moment-to-moment basis” (Kristeller & 

Hallett, 1999). Understanding how to bring one’s attention to the present can be difficult 

to do without training. Research has shown that mindfulness practice does reduce stress 

(Alidina, 2014; Ruth A Baer, 2005; Debra E. Burdick, 2013; Kabat-Zinn, 1994) 

When away from comfortable or safe environments it may be difficult to live 

mindfully when stressful situations arise in daily life. There is growing evidence that 

technology can encourage self-awareness of breathing patterns in everyday environments 

(Blumenstein, Breslav, Bar-Eli, Tenenbaum, & Weinstein, 1995; Kim, Park, & Nam, 2015). 

My research builds upon evidence that shows that with the ability to manage one’s 

breathing, stressful breathing patterns and the accompanying stress can decrease 

(Blumenstein et al., 1995; Consolo et al., 2008).   

In the first section of this chapter I introduce mindfulness and explain how a novice 

practitioner can use breathing and the acceptance of thoughts, body sensations, and 

emotions to create positive transitional shifts in their emotional state.   

In the second section of this chapter, I discuss the frameworks and concepts that 

are currently being used in embodiment research. Except for Yoko Akama and Ann Light’s 

Mindfulness Framework (Akama & Light, 2015), all the embodiment frameworks 

discussed in this section do not explicitly use mindfulness. However, many of the somatic 

practices used by researchers in the embodiment field are similar to a mindfulness 

practice in their exploration of attention, breath and state. I review literature that integrates 

HCI tools and their connectivity with the body, mind, and environment. In chapter 3, I use 

these important concepts and frameworks to support the design of my artifacts. 

I begin the second section of this chapter with an examination of the history of 

embodiment and how it relates to HCI. Then I introduce the mindfulness framework 

created by Akama and Light  (Akama & Light, 2015). This framework explains the 
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importance of designing HCI tools that promote mindfulness rather than mindlessness. 

The second framework I discuss is Kristina Höök’s affective loop experience (Höök, 2009) 

where she examines the physical and emotional interactions users have with HCI tools. 

Thirdly, I discuss David Kirsh’s embodied cognition framework (Kirsh, 2013a) where he 

describes how HCI tools that interact with our bodies also affect our mind. Next, I discuss 

somaesthetics created by Richard Shusterman (Shusterman, 2008) which explains how 

awareness of the body can be used to improve our sensory perception. I also present 

Thecla Schiphorst’s framework for somaesthetics in interactive design (Schiphorst, 2009), 

and Wonjon Lee, Youn-kyung, and Richard Shusterman’s somaesthetic reflection (Lee, 

Lim, & Shusterman, 2014). Both concepts integrate somaesthetics into the domain of HCI.  

Finally, I end the section by discussing Claudia Nunez-Pacheco and Lian Loke’s concept 

present-at-body (Nunez-Pacheco & Loke, 2014) which offers suggestions for the design 

of reflective tools that enhance self-awareness of the body.     

 In the third section of this chapter, I discuss interactive experiences in HCI. 

Mindfulness helps practitioners gain insight into how their body interacts with both their 

mind and the environment (Kabat-Zinn, 1994). I believe we can use this connection to 

design interactive experiences with HCI tools in tangible and wearable computing.  

I begin the third section of this chapter by presenting Eva Hornecker and Jacob 

Buur’s tangibility framework (Hornecker & Buur, 2006). These researchers stressed the 

importance of the material, location, and communication when designing tangible 

interactions. Finally, at the end of this chapter I discuss m-Health design considerations 

developed from interviews with occupational therapists and studies conducted by 

significant researchers in the field. m-Health technologies are communication 

technologies designed specifically for health care and have the potential to be used to 

support mindfulness practice.  

This review of literature confirms no coherent theory examines how to design 

artifacts to enhance bodily self-awareness. This gap in current research will be the 

foundation for my proposed framework discussed in chapter 3.  
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2.1. Bringing Mindfulness Meditation Techniques into 
Everyday Environments 

For thousands of years Buddhists have been exploring mindfulness. “From the 

Buddhist perspective, our ordinary waking state of consciousness is seen as being 

severely limited and…[mindfulness] helps us wake up from this sleep of automaticity and 

unconsciousness, thereby maing it possible for us to live our lives with access to the full 

spectrum of our conscious” (Kabat-Zinn 1994). Mindfulness in Buddhism suggests that 

being self-aware creates satisfaction, harmony, and wisdom (Kabat-Zinn 1994). Eastern 

practitioners also follow Buddha’s teachings (Schmidt 2011) To do this, a practitioner 

needs to be “wide awake in regard to the present moment” (Schmidt 2011). In Western 

culture, it is difficult to find the body/mind unity. Today Western cultures are more open to 

learning eastern practices and thus mindfulness practices are becoming increasingly 

popular in our society (Yuasa and Kasulis 1987). However in Western teachings of 

mindfulness, most of the spirtural teachings are omitted and instead mindfulness uses 

Western physchological science (Schmidt 2011).  

Novice meditators are easily distracted and find it difficult to focus on the present 

moment (Vidyarthi, 2012). Mindfulness training involves learning to self-regulate attention 

on a moment-to-moment basis (Goleman & Schwartz, 1976; Kabat-Zinn, Lipworth, 

Burncy, & Sellers, 1986). Some mindfulness training practices encourage attention to 

body movement, thoughts, and emotions while other forms of practice suggest a focus on 

the sights and sounds of the environment (Kabat-Zinn & Hanh, 2009a; Langer, 1997).  

Debra Burdick suggests that mindfulness techniques be practiced in a safe and 

comfortable space. In many introductary classes in mindfulness teachings, a novice will 

often be guided to focus on their breath (Debra E. Burdick, 2013). However, numerous 

focusing techniques can be applied in a mindfulness practice. While a novice is focusing 

on breath (for example), their thoughts may begin to wander. They may think about 

stressful moments of the past or future, causing an increase in anxiety. The novice 

practitioner needs to develop the awareness that their thoughts are wandering, and gently 

redirect their attention back to breathing. Mindfulness can be taught in a group with the 
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assistance of an expert practitioner or individually with a guided meditation track or music 

(Alidina, 2014; R. A. Baer, 2006; Kabat-Zinn & Hanh, 2009a, p. -; Langer, 1997).  

 

Figure 2.2. Mindfulness Literature Themes 

Mindfulness is more than meditation. When a practitioner practices mindfulness 

for extended periods of time, it becomes a “state of consciousness” (Brown & Ryan, 2003; 

Shapiro, Carlson, Astin, & Freedman, 2006). Shapiro calls this state “reperceiving.” 

“Reperceiving – the capacity to dispassionately observe or witness the contents of one’s 

consciousness – enables a person to experience even very strong emotions with greater 

objectivity and less reactivity” (Shapiro et al., 2006). Reperceiving can be practiced using 

different mindfulness exercises.  

There are many different mindfulness exercises. I focus on two exercises that are 

commonly practiced by novice meditators: mindful breathing and the acceptance of 

thoughts, body sensations and emotions (Figure 2.2).  

2.1.1. Mindfulness Breathing 

Breathing has become synonymous with mindfulness meditation, especially for a 

novice practitioner. “Mindful breathing” involves becoming aware of one’s breathing 

patterns and the relationships that breathing patterns have with other physiological 

sensations and with the external environment (Teasdale & Segal, 2007). 

In everyday environments, diaphragmatic breathing has been known to reduce 

stress (Forman & Myers, 1987). Boiten et. al (Boiten, Frijda, & Wientjes, 1994) reviewed 
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the relationship between respiration rate and emotion. There are two major types of 

breathing. Slow or “deep” breathing involves “expanding the diaphragm with the abdomen 

rising with each inhalation” (Consolo et al., 2008; Greenberg, 2002). Fast or “shallow” 

breathing involves taking in a partial breath in the chest (Boiten et al., 1994). A key finding 

of Boiten et al.’s review is that deep breathing is associated with relaxation and pleasant 

emotions while shallow breathing is associated with anxiety, tension and unpleasant 

emotions (Boiten et al., 1994). Deep diaphragm breathing has an advantage over other 

positive coping strategies for stress reduction in that it is easy to learn and can be done 

quickly in a stressful situation (Olpin & Hesson, 2015). In everyday environments, 

diaphragmatic breathing has been known to reduce stress (Forman & Myers, 1987). 

Boiten et. al (Boiten, Frijda, & Wientjes, 1994) reviewed the relationship between 

respiration rate and emotion. There are two major types of breathing. Slow or “deep” 

breathing involves “expanding the diaphragm with the abdomen rising with each 

inhalation” (Consolo et al., 2008; Greenberg, 2002). Fast or “shallow” breathing involves 

taking in a partial breath in the chest (Boiten et al., 1994). A key finding of Boiten et al.’s 

review was that deep breathing is associated with relaxation and pleasant emotions while 

shallow breathing is associated with anxiety, tension and unpleasant emotions (Boiten et 

al., 1994). Deep diaphragm breathing has an advantage over other positive coping 

strategies for stress reduction in that it is easy to learn and can be done quickly in a 

stressful situation (Olpin & Hesson, 2015).  

2.1.2. Acceptance of Thoughts, Body Sensations, and Emotions  

An important characteristic of mindfulness is the acceptance of any thoughts, body 

sensations and emotions that may arise. Some practitioners also call this de-centering or 

thought distancing (Lau et al., 2006; Mason & Hargreaves, 2001). In Debra Burdick’s 

Mindfulness Skills Workbook for Clinicians and Clients, she teaches the acronym SOLAR 

(Debra E. Burdick, 2013). SOLAR stands for “Stop, Observe your thoughts, Let go, And 

Return to your practice” (Debra E. Burdick, 2013).  This acronym exemplifies a pragmatic 

application of attention that is useful when practicing mindfulness.     

From this perspective, feelings, body sensations and emotions are neither positive 

or negative. The mindfulness approach is to accept the thoughts, body sensations and 
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emotions without judging them as positive or negative (Kabat-Zinn, 1994). De-centering 

of the mind can cause a shift from negative mental states to curiosity and acceptance (Lau 

et al., 2006). This exercise can also assist people tolerating experiences that overload 

their mind (Mason & Hargreaves, 2001). 

2.1.3. Summary 

Mindfulness focuses one’s attention on the present moment. When stressful thoughts 

arise, mindfulness is often practiced to accept any thoughts, body sensations and 

emotions without judgement. Novice practitioners are often asked to focus on 

diaphragmatic breathing, which has shown to be effective in the management of stress. 

However, when coping with the stressors of daily life, it may be difficult for the novice to 

focus deliberately on their breath. 

In the subsequent sections, I review the noteworthy literature and historical contexts that 

use concepts and frameworks similar to mindfulness in HCI (Figure 2.3). In chapter 3, I 

use these important concepts to develop design guidelines that support the design of my 

artifacts.   

2.2. Embodiment Interaction 

Embodiment defined by Rosch et al. is the understanding that “cognition depends 

upon the kinds of experience that come from having a body with various sensorimotor 

capacities, and second, that these individual sensorimotor capacities are themselves 

embedded in a more encompassing biological, psychological, and cultural context” (Rosch 

et al., 1992)(Rosch, Thompson, & Varela, 1992). Embodiment was traditionally described 

by philosophers such as Heidegger, Merleau-Ponty, and Piaget as an experience, rather 

than the definition recognized today as how the “mental processes are rooted in bodily 

interactions with the world” (Aguilera, 2011a). In HCI, Paul Dourish defines embodiment 

as a “property of being manifest in and of the everyday world. Embodiment constitutes the 

transition from the realm of ideas to the realm of everyday experience” (Dourish, 2001). 
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In the research domain of human-computer interaction, Dourish called the  

amalgamation of interaction and embodied cognition ‘embodied interaction.' Embodied 

interaction is defined as the “approach to interaction design that places an emphasis on 

understanding and incorporating our relationship with the world around us, both physical 

and social, into the design and use of interactive systems” (Antle, Corness, & Droumeva, 

2009). Dourish connects (Antle, Corness, & Droumeva, 2009) tangible interaction to social 

computing (Dourish, 2004).  

 

Figure 2.3. Embodiment Literature Themes  

2.2.1. Mindfulness Framework 

Akama and Light developed a framework to convert mindless technology into 

mindfulness technology (Akama & Light, 2015). Many events in our daily lives can disrupt 

practicing mindfulness, for example, hearing a disturbing noise or receiving a stressful e-

mail. Tools can create interactions that draw attention to the present – similar to 

techniques learned in mindfulness practice (Akama & Light, 2015). The researchers 

amalgamated five concepts into their framework: (1) the tool accompanies the user so that 

it has the ubiquity of mobile technology or a location-based tool; (2) the tool has meaning 

to the user and the user can modify the experience to their preference; (3) the tool does 

not have to be “always on” and can be used for the appropriate occasion; (4) the tool 

makes the user more attentive to the task at hand; (4) the tool “prompts a detour” and the 

user steps back from the task to re-evaluate themselves (Akama & Light, 2015). HCI tools 

have been designed to create the outcome of mindfulness. However, the researchers 

believe that developing a reflective HCI tool “enables an awareness whereby people and 
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other sentient beings are interdependent and responsible to each other” (Akama & Light, 

2015). 

Vidyarthi and Riecke designed Sonic Cradle (Figure 2.4), an immersive audio 

environment where participants shape sound with their breath. Although the participants 

did not explicitly describe or interpret the session as a mindfulness practice, the words 

that participants used in describing their session touched upon themes that are common 

to mindfulness (Vidyarthi, 2012; Vidyarthi, Riecke, & Gromala, 2012).  

 

Figure 2.4. Sonic Cradle (Vidyarthi, 2012; Vidyarthi, Riecke, & Gromala, 2012). 

MoodLight, developed by Snyder et al., was created to help students develop 

successful stress management skills. They used mindfulness meditation as inspiration to 

design the equipment. The researchers designed the project to “provide a novel outlet for 

self-discovery, and enhance stress management inventions by supporting social 

engagement” (Snyder et al., 2015). MoodLight used the Personal Input Pod (PiP) to 

measure the level of conductance between their thumb and forefinger. The higher the level 

of conductance, the higher the level of arousal. The participant’s arousal was then 

transmitted to an interactive light, “Depending on the signal, the light changes color, with 

increasing arousal triggering a transition to warmer (red) end of the spectrum and 

decreasing arousal signaling the lights to transition to a cooler (blue-violet) end of the 

spectrum” (Snyder et al., 2015). In their qualitative study, they conducted preliminary 

interviews with 30 individuals and observed them interacting with the light. The MoodLight 
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created awareness of the participant’s emotional state and placed their interest in the 

present moment.  

 
Figure 2.5. MoodLight (Snyder et al., 2015). 

Thieme et al. created the Spheres of Wellbeing for women in a mental health 

facility. The Spheres of Wellbeing were designed for women with Learning Disabilities and 

Borderline Personality Disorders in a mental health facility. The Spheres supplemented 

therapy and taught the women mindfulness. The researchers also built the artifacts to help 

the women accept emotional distress and improve their self-awareness (Thieme et al., 

2013). There were three different spheres designed. The Mindfulness Sphere reflected 

the heartbeat of the participant using colourful lights. The Calming Sphere was a non-

digital artifact consisting of a bracelet of beads could be rolled between the fingers, similar 

to worry beads or a prayer rope. The Identity Sphere was a cell phone wrapped in a leather 

case that displayed videos of items that were scanned by the users to create an “extension 

of the person’s self” (Thieme et al., 2013).    

 

Figure 2.6. Spheres of Well-Being (Thieme et al., 2013).    

2.2.2. Affective Loop Experience 

Höök investigated the physical and emotional interactions users had with tools and 

called this relationship the affective loop experience (Höök, 2009). Similar to Akama and 
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Light, she examined how meaning-making is created with the use of a tool. In her 

framework she introduced three different concepts: (1) emotions begin as bodily, 

cognitive, or social experiences; (2) the user creates the meaning-making, not the tool; 

and finally, (3) throughout the experience, the user chooses how they express themselves 

and the interpretation should not rely on the system (Höök, 2009). Höök emphasizes that 

tools “are subjective and experienced in their own way by each user” (Höök, 2009). 

 

Figure 2.7. Example of Affective Loop Experience (Höök, 2009). 

Höök developed four projects in the affective loop experience (Höök, 2009). eMoto 

was a text messaging service that allowed users to have colourful, animated shapes in 

the background of their text messages (Höök, 2009). FriendSense was a co-location 

service where co-workers had a sensor node that recorded temperature and vibrations. 

An illustration of a marble, and an image inside the marble which the user selected was 

placed on a large screen with their co-workers’ marbles. The body movement determined 

the animation of the marble and the body temperature determined the colour of the marble. 

Participants had the option of being close or far away from their co-workers’ marbles 

(Höök, 2009).  

The third project was titled Affective Diary. Affective Diary was a digital diary that 

collected body data. During the day, the participants wore armbands to collect sensor data 

of movement and arousal (from galvanic skin response). Data obtained from the mobile 

phone included text messages that were sent and received, photographs that were taken, 

and the Bluetooth presence of other mobile phones in the area. The data was logged in 

the digital diary on a timeline and mapped out coloured figures and shapes (Höök, 2009). 

The forth project created for the affective loop experience was Affective Health. Based 

upon Affective Diary, Affective Health provided real-time feedback of data from Bluetooth-
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enabled sensors via the participant’s phone. The data included movement, pulse and skin 

conductivity (Höök, 2009). 

2.2.3. Embodied Cognition Framework 

Krish stressed that designers need to understand the connection between 

invention, conception, and cognition. He also stated, as the theory of embodied cognition 

states, that our bodies are as essential to our “thinking” process as our brains are (Kirsh, 

2013a). He questions, “if an object is cognitively gripped in the right way then can it be 

incorporated into our thinking process even if it is not neurally absorbed?” (Kirsh, 2013a).  

To answer this question, Krish examined seven different ways tools change our 

body, perception, and conception. Firstly, he stated that the tool has to be in our 

peripersonal space. Peripersonal space is the space around the body where items are 

within easy reach (Brain, 1941; Làdavas, 2002). Secondly, through research by Iriki et al., 

“we change our body schema to include a tool’s dimensions (or, at least, its end-point). 

We absorb the tool into our functioning body” (Kirsh, 2013a). Thirdly, Kirsh questioned 

whether designers can extend the body out of the peripersonal space and into 

geographically remote areas with the use of tools. Fourthly, Kirsh stated that tools alter 

our perception. For example, to a hiker, a hill will appear steeper if they were wearing 

heavier backpacks (Proffitt, 2006). Therefore, we must extend embodiment to include 

tools. Fifthly, he stated that goals make us have a selective perception or attention 

blindness (Kirsh, 2013a; Simons & Chabris, 1999). The famous example of this was 

whether people could spot the man in the gorilla suit when they were concentrating on 

how many times the basketball was passed (Simons & Chabris, 1999). The sixth way tools 

change our body, perception and conception was his idea called enactive landscape. The 

enactive landscape is “the set of possibilities that can in principle be brought into being 

when an agent interacts with an underlying environment while engaged in a task or 

pursuing a goal” (Kirsh, 2013a). Tools reshape enactive landscapes.  For example, a 

musician uses an instrument to increase their musical possibilities. Finally, tools change 

the way we engage with the world by changing what is around us and increasing what is 

possible (Kirsh, 2013a). 
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After researching the seven different ways tools change our body, perception, and 

conception, Kirsh tested his theories on dancers learning choreography. He examined 

whether practicing the dance phrase full out, marking (dancing the phrases in a less than 

complete manner), or mental simulations would produce the most improved technicality, 

memory, timing, and dynamics. Kirsh’s results determined that marking was the most 

effective overall, however, with both marking and full-out, dancers achieved substantially 

more learning than with mental simulations across all measures, and mental simulations 

were not a useful practice (Kirsh, 2013a).  

With these results, Kirsh concluded what HCI practitioners and theorists could 

learn about interaction and better designs. He created a framework for embodied 

cognition. His framework encompassed: (1) we change the way we think and view our 

environment when interacting with tools; (2) we use our bodies to think in conjunction with 

our brains; (3) we gain more from physically performing an activity than watching another 

person; and finally (4) we sometimes think with things (Kirsh, 2013a). This framework is 

extremely useful for the world of physical, wearable, and tangible interfaces that are 

designed today.  

2.2.4. Somaesthetics 

Shusterman defined somaesthetics as “the study of one’s experience and use of 

one’s body as a locus of sensory-aesthetic appreciation (aesthesis) and creative self-

fashioning” (Shusterman, 2008). The essence of somaesthetics include: (1) Since we rely 

on our bodies to navigate through the world, we need to correct the performance of our 

bodies and use our bodies as instruments; (2) somaesthetics works towards a greater 

awareness of feelings in our bodies; (3) action is only accomplished through the body, and 

consequently, knowing the right action will not be useful unless our bodies can perform it; 

(4) we need to understand our bodies when we are pursuing virtue and self-control; (5) 

the study of somaesthetics is an interdisciplinary field and the focus is to improve a 

person’s well-being (Shusterman, 2008).  

Shusterman created three central divisions of somaesthetics: analytic 

somaesthetics, pragmatic somaesthetics, and practical somaesthetics (Shusterman, 
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2008). Analytic somaesthetics is the study of bodily perception and movement practices 

from an interdisciplinary perspective. He states that work from Foucalt, Pierre Bourdieu, 

Judith Butler and Susan Bordo are included in analytic somaesthetics (Shusterman, 

2008). 

Pragmatic somaesthetics is about classifying different somatic practices and bodily 

experiences. Classification of somatic practices includes representational, experiential 

and performative disciplines (Shusterman, 2008). A representational discipline would 

include any somatic practice that focuses on outer beauty, for example, being on a diet or 

wearing makeup. An experiential discipline pertains to inner well-being and can include 

Feldenkrais’ “Awareness Through Movement” or mindfulness meditation. A performative 

discipline focuses on bodily strength, skill, and health. Examples of performative somatic 

practices include martial arts, gymnastics, or even aerobics (Shusterman, 2008). 

Shusterman argues that most somatic practices often have a mixture of representational, 

experiential, and performative dimensions (Shusterman, 2008). For example, even though 

yoga is focused on one’s well-being and classified as an experiential discipline, yoga can 

also help people lose weight (representational discipline) and gain strength (performative 

discipline).  

Finally, practical somaesthetics encompasses the somatic practice. Shusterman 

argues that the less said and the more pursued in the practice, the more practical 

somaesthetics will accomplish (Shusterman, 2008). We can integrate the concepts of 

somaethetics with tools to create a new understanding of how Shusterman’s concept can 

be used in HCI. Lee et al. believe that “somaesthetics can offer not only theoretical 

frameworks, but also methods and practices for cultivating our somatic sensibility” (Lee et 

al., 2014). There is an increasing use of movement interaction and bodily engagement in 

HCI (Benford et al., 2012; Djajadiningrat, Matthews, & Stienstra, 2007; Djajadiningrat, 

Wensveen, Frens, & Overbeeke, 2004; Márquez Segura, Waern, Moen, & Johansson, 

2013; Moen, 2007). 

Schiphorst created a framework for somaesthetics in interactive design 

(Schiphorst, 2009). Her framework is comprised of four sections: 1) experience which 

includes embodiment, sensory perception and practice; (2) interaction with the technology 
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that includes meaning-making and open interpretation; (3) materiality of the physical body 

and physical material, texture, and shape that directly relate to the experience; (4) 

interactive semantics and how they apply to tactile interaction (Schiphorst, 2009). 

To investigate her framework, Schiphorst created the artwork soft(n), a tangible 

interactive piece comprised of 10 soft objects that exhibit different behaviours when 

touched or moved around the space. The behaviours of vibration, light and sound are 

mapped to Laban Effort Qualities (Schiphorst, 2009).    

 

Figure 2.8. Interacting with soft(n) (Schiphorst, 2009). 

In Schiphorst’s art piece Exhale, data was taken from the participant’s breath to 

control small fans, vibrators, and speakers that were embedded in the lining of skirts. The 

interaction between participants’ breath data created meaningful and interesting one-to-

one communication between the participants in the installation and they were “able to 

‘contain’ both inner and outer senses of self” (Schiphorst, 2006).   

 

Figure 2.9. Examples of Exhale (Schiphorst, 2006).   

In their practice, Lee et al. emphasized the idea of somaesthetic reflection. The 

researchers define it as an “inward-looking inquiry by the individual about his or her bodily 



 

21 

perception and its related affective experience” (Lee et al., 2014). Through group 

sessions, the developers used Feldenkrais-inspired activity to cultivate movement in 

product design in the ideation phase. The researchers learned that somaesthetic reflection 

can help designers become aware of unconscious movements and how multiple body 

parts are coordinated in the interaction of products. The researchers discussed two types 

of coordinated sequences of movement: following the sequence, where the product 

followed the user’s movement sequence, and triggering the sequence, where the product 

is triggered by a movement and interacts with the user differently than the original triggered 

movement (Lee et al., 2014). The researchers concluded that “verbalization of the somatic 

experiences can promote further discovery of design issues, and deliberate consideration 

of the role of two interactive agents (user and [product]) and the somatic conditions of the 

user can lead to more effective experience prototyping of interaction with moving products” 

(Lee et al., 2014).   

In another example, BreathingFrame, Kim et al. offered couples in long distance 

relationships the ability to see their partner’s breath on an inflatable digital frame. Kim et 

al. did a user study with eight couples to test BreathingFrame. The researchers learned 

that the piece evoked self-reflection, the participants felt sentimentally connected to the 

breathing movement of their partner, and the piece stimulated the participant’s positive 

curiosity (Kim et al., 2015).  

 

Figure 2.10. BreathingFrame (Kim et al., 2015). 

Höök et al., using somaesthetic brainstorming and training in the movement 

practice Feldenkrais, created three HCI artifacts. The artifacts showcased how 

somaesthetic theories can be actualized into real-world examples. The first artifact, The 

Soma Mat, was a mat with heating pads embedded into it. The mat slowly heats up parts 
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of the body with the assistance of a pre-recorded Feldenkrais lesson by Kristina 

Strohmeyer (Höök et al., 2015). The second artifact, Breathing Light, was an “enclosure 

made of fabric and string curtains,…which you crawl under, creating a room within the 

room effectively shutting out the external world” (Höök et al., 2015). For the final artifact, 

The Pressure Mat, the focus was on small, slow movements from Feldenkrais exercises 

that were visualized on the ceiling. The visualizations were created by pressure sensors 

inside the mat (Höök et al., 2015). With the three artifacts, Höök et al. were able to use 

the abstract theories of somaesthetics in design practices to create self-awareness 

experiences. Their research states that “somaesthetics may help [designers] create better 

designs not only to increase body awareness per se, but as a part of any design relating 

to our bodily ways of being in the world” (Höök et al., 2015).  

 

Figure 2.11. The Soma Mat and Breathing Light (Höök et al., 2015) 

2.2.5. Present-at-Body 

Philosopher Heidegger created the theory entitled ready-to-hand. The theory, 

framed by Dourish, analyzed the role of tools in the relationship between humans and their 

world (Dourish, 2004; Verbeek, 2006). For example, if a person is hammering a nail into 

a wall, their attention is on the nail rather than the ready-to-hand artifact (hammer). If 

attention is shifted to the hammer, the relationship breaks down and the artifact becomes 

present-at-hand “and is not able to facilitate a relationship between a user and his or her 

world anymore” (Verbeek, 2006). Philosopher Heidegger created the theory entitled 

ready-to-hand. The theory, framed by Dourish, analyzes the role of tools in the relationship 

between humans and their world (Dourish, 2004; Verbeek, 2006). For example, if a person 

is hammering a nail into a wall, their attention is on the nail rather than the ready-to-hand 

artifact (hammer).  
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Figure 2.12. Eloquent Robes (Nunez-Pacheco & Loke, 2014) 

Nunez-Pacheco and Loke consider ready-to-hand as the most basic way to 

understand tools and highly influences the field in designing interactive systems (Nunez-

Pacheco & Loke, 2014). The systems should disappear and “the user [should] focus on 

the task and not the tool” (Dourish, 2001; Nunez-Pacheco & Loke, 2014; Winograd & 

Flores, 1986). Using Shusterman’s somaesthetics (Shusterman 2008) and exploring 

internal body-state using Gendlin’s concept of felt sense (Gendlin 1982), and finally, 

Heidegger’s theory of tool handling (Dourish, 2004; Verbeek, 2006), introduce a new 

concept present-at-body. They define present-at-body “as the reflective use of tools for 

developing bodily self-awareness” (Nunez-Pacheco & Loke, 2014). Instead of Heidegger’s 

theory where there is an absence of bodily dimension of experience (Leder, 1990), Nunez-

Pacheco and Loke have added the ideas of Gendlin’s felt sense (Gendlin, 1982) and have 

taken into consideration the predecessor present-at-mind (Tanenbaum et al., 2011). 

Nunez-Pacheco and Loke defined a successful body-tool as one that can evoke 

self-exploration, discovery, ownership of the data, inner exploration and learning (Nunez-

Pacheco & Loke, 2014). They discussed the different stages that a user will go through 

as they interact with the tool. The five stages include: (1) as the user begins using the tool, 

the body and the device are visible; (2) when the tool is turned on, it brings attention to 

itself; (3) the user recognizes the device as emulating their own body’s data; (4) when the 
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tool alerts the user, it brings their attention to the device and then to their own body in a 

repetitive cycle; and finally, (5) the interaction with the tool finishes and the user brings 

their attention back to the surrounding environment.  

Another project that Nunez-Pacheco and Loke developed was The Felt Sense Kit. 

The researchers crafted the prototypes using Focusing techniques (Núñez-Pacheco & 

Loke, 2015). Focusing is psychotherapeutic and the techniques can either be done 

individually or with a partner or guide. The practitioner usually keeps their eyes closed as 

they attend inwardly (Gendlin, 1982). The researchers immersed themselves in the 

Focusing community and coded the documentation using autoethnographic methodology 

to create the prototypes. The result was The Felt Sense Kit. The kit included a prototype 

of a glove that used haptic stimulation, triggered by a button between the thumb and 

fingers. The other part of the kit was a cushion with a pulse sensor that generated 

vibrations (Núñez-Pacheco & Loke, 2015).  

 

 
Figure 2.13. The Felt Sense Kit (Núñez-Pacheco & Loke, 2015). 

2.2.6. Summary 

Embodiment is the understanding of the connection between the body and the 

mind and how that connection affects our interactions with the world. In this section, I 

discussed noteworthy literature that examines concepts and frameworks with respect to 

embodiment. Even though little research in the literature on embodiment discusses 

mindfulness, many of the somatic practices in embodiment and HCI are similar to 

mindfulness practices in their exploration of attention, breath and state. In the next 

subsection on interactive experiences in HCI, I review the literature on embodiment and 

propose a framework to support the development of a mindful artifact for the embodied 

user.  
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In the next subsection, after an examination of the concepts and frameworks for 

embodiment, I present ways we can practically design tools and interactive experiences. 

To plan the interactive experience a user will have with the mindful artifacts, I incorporate 

the tangibility framework and m-Health design considerations.  

2.3. Interactive Experience in HCI 

Ubiquitous context-aware computing enables designers to create tangible and 

wearable computing that analyzes data collected from our body. Kalle Lyytinen and 

Youngjin Yoo defined ubiquitous computing as “computers [that are] embedded in our 

natural movements and interactions with our environment” (Lyytinen & Yoo, 2002). 

Ubiquitous computing is the idea that technology is integrated into everyday things in a 

natural and simplistic way. Hornecker and Burr used their tangibility framework (Hornecker 

& Buur, 2006) as stepping stones to design ubiquitous tools that makes use of natural 

movements to change the way users interact with their environment. m-Health technology 

takes the concept of ubiquitous computing into the healthcare domain. I apply the 

tangibility framework concepts and design considerations in m-Health technology to 

develop mindful artifacts (Figure 2.14).  

 

Figure 2.14. Interactive Experiences in HCI Literature Themes  

2.3.1. Tangibility Framework 

Hornecker and Buur defined ‘tangible interaction’ as “a broad range of systems 

and interfaces relying on embodied interaction, tangible manipulation and physical 
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representation (of data), embedded in real space and digitally augmenting physical 

spaces” (Djajadiningrat et al., 2007; Djajadiningrat, Overbeeke, & Wensveen, 2002; 

Djajadiningrat et al., 2004; Hornecker & Buur, 2006; Price & Rogers, 2004; Ullmer & Ishii, 

2000). Hornecker and Buur incorporated four different concepts in their tangible interaction 

framework. The concepts included tangible manipulation (material representations of the 

tool), spatial interaction (the tools are inserted into a physical space and interactions are 

controlled by movement), embodied facilitation (structure of the tool and its location in a 

physical space changes how we interact with our environment), and finally expressive 

representation (how the tool evokes expressiveness and the ability to be understood by 

the user) (Hornecker & Buur, 2006).  

Seo et al.’s project Touchology created interactive audio-visual plants to help 

evoke mindfulness in a similar way that gardening does for the general population (Seo, 

Sungkajun, & Suh, 2015). The researchers created a tangible plant that a user can interact 

with. The researchers found the technology created a reaction of calmness and a feeling 

of ease (Seo et al., 2015). 

 

Figure 2.15. Touchology (Seo et al., 2015). 

2.3.2. m-Health Technology Design Considerations 

Shusterman stressed that without careful self-observation and prevention, our 

bodily habits could harm us (Shusterman, 2008). Therefore, technology could assist us in 

becoming more self-aware and create a sense of independence that was not available 

otherwise. m-Health can be defined as wireless “mobile computing, medical sensors, and 

communication technologies for healthcare” (Davies, 2013; Istepanian et al., 

2004)(Davies, 2013; Istepanian, Jovanov, & Zhang, 2004). m-Health technologies are 
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mobile technologies that can be used by the client alone or in collaboration with healthcare 

providers, both inside medical facilities and out in everyday life. Examples of m-Health 

technologies include mobile applications, wearable technologies incorporating non-screen 

based wearables and virtual and augmented reality systems.  

Through research and interviews with occupational therapists (OTs) who 

specialize in dealing with people with mental disorders  

(including anxiety and stress), I have created a set of design considerations that are used 

in the development of m-Health technology. These interviews were conducted in a 

previous study and only the results were used in my thesis. Design processes include 

considerations and cautions that have evolved from interviews with the OTs’, Doherty’s 

guidelines and other references. I group the research into two sections: design process 

and design principles.  

2.3.2.1 Design Process 

2.3.2.1.1 Technology Responsibility  

Research conducted with OTs reveal an optimism about the integration of m-

Health technologies. OTs feel that technology might not be useful for everyone, and are 

concerned that recording data for some of their clients might exacerbate their symptoms. 

For example, one client counted the number of times they went to the restroom. Other 

clients have fears of being tracked or recorded by government agencies. Therefore, it may 

be helpful to look at ways m-Health technology can alert and assist clients without giving 

them data (Cochrane & Schiphorst, 2015).  

It is important to note that our responsibility as designers is to ensure the 

technology functions the way it is supposed to. Developing and using existing technology 

is the key to the “continuum of life” and is “the catalyst that can rapidly transform healthcare 

and the practice of medicine” (Park & Jayaraman, 2003). According to Nugroho et al., 

wearable technology must “serve its purpose upon creation” (Nugroho & Beilharz, 2010). 

Park et al. argues that functionality is the first step when designing m-Health technology. 

Functionality ensures the device is operational and reliable (Ledger & McCaffrey, 2014). 
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Making sure the m-Health technology works is the first step to ensure patients wear the 

device.  

  

Figure 2.16. GaitAssist (Mazilu et al., 2014). 

Feature extraction (the processing of creating algorithms that process data and 

remove redundant information) and removing noise from the data are important 

processing techniques that ensure the device is functional (Grönvall & Verdezoto, 2013). 

The device should always be evolving. Isolating atypical situations can help the device 

learn so that the wearable technology does not further complicate the patient’s situation 

(such as increasing stress) (Grönvall & Verdezoto, 2013). 

An example of a functional piece of m-Health technology is Mazilu et al. GaitAssist 

(Figure 2.16) (Mazilu et al., 2014). GaitAssist is a piece of m-Health technology that can 

track freezing of gait in the patient’s daily life. The researchers used Inertial Motion Units 

(IMUs) on the ankle and a smartphone for the data visualization. The sensors were only 

charged for four hours at a time. It was noted that further research is needed to explore 

longer lasting batteries (Mazilu et al., 2014). The researchers extracted the features from 

the data and sent it through the gait detection algorithm that differentiated between normal 

gait and freezing gait. The patient was alerted in real time if freezing gait was upon them 

(Mazilu et al., 2014). GaitAssist has no local awareness but the device does use machine 

learning to understand atypical situations. Patients were fairly adaptable and after a limited 

learning curve, patients were able to successfully use the device and smartphone 

application without any assistance (Mazilu et al., 2014). 
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2.3.2.1.2 User-Centered Design 

Researchers emphasize the importance of user-centered design (Cochrane & 

Schiphorst, 2015; Doherty, Coyle, & Matthews, 2010). OTs spend a great deal of time with 

their clients and they are able to offer designers an understanding of what technologies 

might be beneficial to reduce stress and anxiety. Each OT uses different therapy 

techniques to assist their clients. For example, one OT uses individual CBT (Cognitive 

Behaviour Therapy) with their clients while another uses EOM (Environmental 

Occupational Model). It might also be useful to create technologies that can be customized 

by the users or health care professionals.  

 
Figure 2.17. Final design of KNEE and screenshot of the researchers’ mock-up 
data visualization (Muñoz, Pruett, & Williams, 2014). 

An example of user-centered design is Muñoz et al.’s physical injury rehabilitation 

wearable device called KNEE (Figure 2.17) which was designed with the assistance of 

physical therapists (Muñoz et al., 2014). The device can recognize the accuracy of 10 

different leg lift exercises and let the patient know if they are doing the exercises incorrectly 

(figure 2.8). The device uses accelerometers and an auditory beeper (Muñoz et al., 2014). 

The functionality of the device has successfully been achieved as it detects whether the 

patient has performed a proper leg lift. Researchers have stated they need to work on the 

algorithm so that the device does not detect false positives. However, the researchers 

believe they will be able to make a more robust algorithm with additional studies (Muñoz 

et al., 2014). Data privacy while the device is in use was not discussed, nor was it 

mentioned whether the device is to be used only in the home or if it is suitable for long-

term use outside the home. The device is simple and easy to use.  
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2.3.2.1.3 Symptom Management 

m-Health technologies can help users gain insight and better understand the 

symptoms that cause increased stress. As users develop the ability to increase their 

agency and insight, they will be better able to manage their symptoms. OTs and research 

in the field expressed the need to integrate technology into their therapy sessions and to 

assist clients with equipment use (Cochrane & Schiphorst, 2015; Snyder et al., 2015). m-

Health technologies can be used to help users gain insight and better understand their 

signs and symptoms that might cause issues such as increased stress. As users develop 

the ability to increase their agency and insight, they will be better able to manage their 

symptoms. OTs and research in the field expressed the need to integrate technology into 

their therapy sessions and to assist clients with equipment use (Cochrane & Schiphorst, 

2015; Snyder et al., 2015).  

2.3.2.1.4 Integration  

The OTs were optimistic about incorporating new technology in their practice. 

Nevertheless, the OTs voiced concerns about their older clients and people unfamiliar with 

technology. Integrating technology into their lives will be very difficult. It was suggested 

that any technology be gradually incorporated into the user’s life in an evolutionary 

process. According to Klein et al. habit learning for lifestyle changes require intensive 

support, monitoring and supervision (Klein, Mogles, Treur, & Van Wissen, 2011). Adding 

the m-Health technology into the user’s routine can also encourage motivation. Habits are 

commonly obtained by creating a connection “between stimulus and a particular response” 

(Klein et al., 2011). The habit is first encouraged by an outside source and then as the 

connection is developed, it can be initialized by internal cues (Figure 2.18) (Klein et al., 

2011). This behaviour is to be heavily supervised to make the assimilation as seamless 

as possible (Klein et al., 2011). In most cases, the morning routine is most consistent and 

easy to modify (Grönvall & Verdezoto, 2013). Once the routine is established, the reward 

will be gained. For example, a reward could be that the user gains a higher level of 

independence and mobility (Grönvall & Verdezoto, 2013).) (Klein et al., 2011). This 

behaviour will be heavily supervised to make the assimilation as seamless as possible 

(Klein et al., 2011). In most cases, the morning routine is most consistent and easy to 
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modify (Grönvall & Verdezoto, 2013). Once the routine is established, the reward will be 

gained. For example, a reward could be that the user gains a higher level of independence 

and mobility (Grönvall & Verdezoto, 2013). 

Initially, experts such as healthcare providers or even meditation or yoga 

instructors should use goal-directed behaviour to integrate m-Health technology into the 

user’s life. When the user is comfortable with the m-Health technology, it can then be used 

in community outings with the expert and user together. Finally, if the user and expert are 

confident and comfortable, the m-Health technology should be integrated into the user’s 

daily life.  

 
Figure 2.18. Redrawing of the Habit Cycle (Klein et al., 2011). 
Note.  The reward varies for different situations (Klein et al., 2011). As the patient 

continues to incorporate the technology into their life, they will use internal cues 
to help them continue the habit of wearing the technology daily (Klein et al., 
2011). 

Motivation to use m-Health technology is a major consideration when integrating 

technology into a user’s life. How do researchers create a unique and sustainable value 

for m-Health technology? According to research on the general use of wearable 

technology, more than half of United States consumers who have owned wearable 

technology do not use it (Ledger & McCaffrey, 2014). A healthy person will express less 

motivation than someone with an illness (Grönvall & Verdezoto, 2013). There are a few 

key points that researchers can use to motivate the user.  

Initially, make the device purposeful and worthwhile for the user. The designer 

should allow minimal customization of the device so that the user believes he/she has 
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some control over the functions of the m-Health technology (Grönvall & Verdezoto, 2013). 

The data can help motivate close friends and family and enable reflection and 

understanding of the user’s condition (Grönvall & Verdezoto, 2013). 

2.3.2.2 Design Principles 

2.3.2.2.1 Social Stigma 

Social stigma is defined as “prejudicial attitudes and discrimination behaviour 

directed towards individuals” (Oxford Dictionaries, n.d.). It is important to design m-Health 

technology that is unobtrusive, invisible, fashionable, and comfortable (as discussed in 

detail in the next subsection). Designing with these wearability factors in mind may make 

users more willing to wear the device. Doherty (Doherty et al., 2010) addedDoherty 

(Doherty et al., 2010) adds that consideration should also be given to social and cultural 

backgrounds, learning difficulties, and using technology that is familiar to the client. 

2.3.2.2.2 Wearability 

Gemperle et al. defined wearability as “the physical shape of wearables and their 

active relationship with the human form”. Researchers should be aware that users “do not 

like to focus on their condition and keep their monitoring needs in the background (both 

mentally and physically)” (Grönvall & Verdezoto, 2013). Park et al. stated that m-Health 

technology should not impede the user’s home and community life. Researchers should 

be sensitive to the user’s privacy and ensure that others are not aware that the user is 

wearing any technology that is recording biophysiological data (Park & Jayaraman, 2003). 

The aesthetics of the technology is very important and can encourage a user to 

actively engage with the device. For the aesthetics to be appealing, the m-Health 

technology should not look like hospital equipment (Grönvall & Verdezoto, 2013). Grönvall 

et al. discovered that if off-body communication is needed, the user is more comfortable 

using their personal smartphone or a computer that has no connection with the hospital 

(Grönvall & Verdezoto, 2013). The culture and context will dictate the shape, materials, 

textures, and colours of the device, and it should fit the patient’s home and community 
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environment (Bonato, 2005). Miner et al. suggests that technology-aesthetics might not 

be appropriate for all m-Health technology and the technology embedded into clothing and 

accessories should blend in or disappear (Miner, Chan, & Campbell, 2001).The aesthetics 

of the technology is very important, and can encourage a user to actively engage with the 

device. For the aesthetics to be appealing, the m-Health technology should not look like 

hospital equipment (Grönvall & Verdezoto, 2013). Grönvall et al. discovered that if off-

body communication is needed, the user is more comfortable using their personal 

smartphone or computer that has no connection with the hospital (Grönvall & Verdezoto, 

2013). The culture and context will dictate the shape, materials, textures, and colours of 

the device, and it should fit the patient’s home and community environment (Bonato, 

2005). Miner et al. suggests that technology-aesthetics might not be appropriate for all m-

Health technology and the technology embedded into clothing and accessories should 

blend in or disappear (Miner, Chan, & Campbell, 2001). 

The design should be unobtrusive and comfortable for the user (Grönvall & 

Verdezoto, 2013; Park & Jayaraman, 2003). The most accessible and unobtrusive areas 

on the body for m-Health technology that is wearable (Figure 2.19) include (a) collar area, 

(b) rear of the upper arm, (c) forearm, (d) rear, side, and front ribcage, (e) waist and hips, 

(f) thigh, (g) shin, and (h) top of the feet (Gemperle, Kasabach, Stivoric, Bauer, & Martin, 

1998). 

 
Figure 2.19. Diagram of locations of wearables (Gemperle et al., 1998). 

Comfortable material can be wrapped around the hard and incommodious 

technology. These forms can be created using four steps (Figure 2.20). First, the 

researcher can (a) create a concave shape that will be attached to the body; (b) then 



 

34 

convex the outside surface; (c) taper the forms extended off the body; and finally (d) soften 

up the edges (Gemperle et al., 1998). 

 
Figure 2.20. Form of materials on body (Gemperle et al., 1998). 

After the shape is designed, the materials should be wrapped around the body 

parts rather than fastened or clipped onto a single joint (Gemperle et al., 1998). Ferraro et 

al. also incorporated Langer lines into their design (After the shape is designed, the 

materials should be wrapped around the body parts rather than fastened or clipped onto 

a single joint (Gemperle et al., 1998).  

 
Figure 2.21. Langer lines (Ferraro & Ugur, 2011). 

The attachment to the body should also be form fitting and stay within the wearer’s 

intimate space (Figure 2.22) (Gemperle et al., 1998).  
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Figure 2.22. Bodies intimate space (Gemperle et al., 1998). 

Finally, researchers must recognize the variability of human sizes and shapes. 

When testing the device, wearable technology must be assessed on people of different 

shapes and sizes (Gemperle et al., 1998).  

2.3.2.2.3 Feedback Modalities 

m-Health technology can provide various kinds of feedback, including text, light, 

sound, or vibration. Doherty (Doherty et al., 2010) (Doherty et al., 2010) adds that 

feedback options might be a useful way to give the OTs and clients some control over the 

technology. Timing of feedback can also be dictated by the user and their specialist (for 

example, every time a client is stressed, every hour, every day, etc.). Designers need to 

create m-Health technologies that do not rely heavily on giving clients data, but rather use 

feedback as a gentle reminder to encourage positive coping strategies and help clients 

manage their symptoms. False positives are common in any sensing system in m-Health 

technology. Although advances in AI and machine learning algorithms have reduced the 

likelihood of false positives, designers should use the feedback as guidelines instead of 

absolute truth. Users need to be aware of the system and understand that if false positives 

do increase stress, they can turn off the technology. 

2.3.2.2.4 Privacy 

Location awareness and recording biophysiological data in m-Health might be 

useful for some clients. However, designers need to be aware of privacy issues and 

understand that clients are not obligated to reveal any data to their OTs. The OTs and 

Doherty (Doherty et al., 2010) emphasized that research also needs to be conducted on 
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the safety and security of the data. A healthcare technological device will not serve its 

purpose unless the wearer’s privacy is assured. Thus, the patient’s healthcare 

practitioners, authorized close friends or family, and/or the patient are the only people 

receiving the data recorded from the device. 

 

Figure 2.23. Amulet Architecture  (Sorber et al., 2012) 

Wearable technology increases the complexity of privacy and security issues. 

Researchers must consider privacy and find trustworthy ways to send information over 

networks. Sorber et al. suggests that wearable devices should “require a wireless gateway 

(mobile phone or access point) only for occasional connectivity to back-end servers and 

other off-body network resources” (Sorber et al., 2012). An example of this is a proposed 

technology called Amulet (Figure 2.23) that will save data from other wearable technology 

and periodically send the data to update health records. This device provides strong 

security and ease of use that will be useful in the future of wearable technology (Sorber et 

al., 2012). ) that will save data from other wearable technology and periodically send the 

data to update health records. The device provides strong security and ease of use that 

will be useful in the future of wearable technology (Sorber et al., 2012).  

2.3.2.2.5 Usability 

Usability of wearable technology examines how the user is able to “navigate” 

through the device (Nugroho & Beilharz, 2010). The fine line between giving the device 

additional functionality and elegant simplicity is important when designing wearable 

technology (Miner et al., 2001). Nugroho et al. stressed the patient’s “ability to navigate 

his/her way in using the device influences the [user’s] engagement and impression of 

interactivity and responsiveness of the device” (Nugroho & Beilharz, 2010). John Maeda’s 
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Laws of Simplicity can inspire usability by incorporating his ideas of reduction of time used 

needed to learn the device, time it takes to turn on and off the device, and the organization 

of the interaction and off-body communication (Maeda, 2006).  

Designers must begin by addressing symptoms of the user that can be recorded 

using existing m-Health technologies. Symptoms of stress can easily be recorded with 

current technologies; however other symptoms might not be so easy to record. Another 

aspect of simplicity that both Doherty and the OTs addressed was that it may take longer 

for some people to understand how to use the technology (Cochrane & Schiphorst, 2015; 

Doherty et al., 2010). According to Park et al. researchers are encouraged to make their 

devices “plug and play”. When the user turns the device on, the user experience “must be 

immediately intuitive, familiar, and seamless” (Ledger & McCaffrey, 2014). Therefore, 

technology design and usability needs to be simple and lack complication.  

Gravenhorst et al. proposed a piece of wearable technology and an android 

application that can measure galvanic skin response (GSR) on the feet (Figure 2.24). 

Results can be visualized using an application on the android phone. The researchers 

modified the commercial product called Shimmer GSR device (Gravenhorst, Muaremi, 

Tröster, Arnrich, & Gruenerbl, 2013).   

 
Figure 2.24. Modified Shimmer (Gravenhorst et al., 2013) 

The features extracted from the data include mean, standard deviation, minimum 

value, maximum value, number of local minima, and number of local maxima (Gravenhorst 

et al., 2013).  In total, 21 features can be extracted from the data (Gravenhorst et al., 

2013). 
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2.3.2.2.6 Maintenance 

Minimal maintenance will be beneficial to this group because the technology could 

be perceived as a burden. Many cognitive deficiencies come with the illness and designers 

need to be aware that devices may be left behind in a store or a coffee shop. It is important 

to be mindful of the executive functioning impairments that accompany the illness, and 

incorporating a lost mode or sending an alert signal to the user if the device has been 

misplaced may be needed. As wearable technology is intended for long-term use, the 

device should have the ability to be laundered or cleaned (Park & Jayaraman, 2003). 

Upgradable software on the wearable technology is required to accommodate changes in 

the device. The software should also be adaptable to the needs of the user (Grönvall & 

Verdezoto, 2013). 

Durability is another important aspect of maintenance. Durability questions 

whether the wearable technology can survive long-term use and collect data efficiently. 

The device must handle movement and the ordinary wear and tear that clothing and 

accessories have to go through (Bonato, 2005). Researchers should also be aware of the 

patient’s daily routine and how the technology can be incorporated into their life without 

considerable disruption. 

 
Figure 2.25. Image of DTI-2 (Ouwerkerk et al., 2013). 

An example of a maintainable piece of equipment is the DTI-2 (Figure 2.25). 

Ouwerkerk et al. have created a second generation bracelet called the Discrete Tension 

Indicator DTI-2 using wireless multi-sensors that can track emotional states such as stress 

and aggression (Ouwerkerk et al., 2013). The sensors include skin conductance, skin 

temperature, ambient temperature, light level sensor, and accelerometer. The battery on 

the device has low-powered sensors and can work for a week without needing a recharge 
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(Ouwerkerk et al., 2013). The researchers briefly stated that a data filter is used, but they 

did not mention how the data and warning signals (vibrations) connect (Ouwerkerk et al., 

2013).). Ouwerkerk et al. have created a second generation bracelet called the Discrete 

Tension Indicator DTI-2 using wireless multi-sensors that can track emotional states such 

as stress and aggression (Ouwerkerk et al., 2013). The sensors include skin conductance, 

skin temperature, ambient temperature, light level sensor, and accelerometer. The battery 

on the device can work for a week without needing a recharge with the low-powered 

sensors (Ouwerkerk et al., 2013). The researchers briefly stated that a data filter is used, 

but they did not mention how the data and warning signals (vibrations) connect 

(Ouwerkerk et al., 2013). 

2.3.2.2.7 Cost   

Finally, consideration must be given to the cost of the m-Health device. Clients of 

OTs are usually unable to work and are therefore in a lower income bracket. The device 

must be affordable to be of any benefit to the user.  

2.3.3. Summary   

In the next subsection on interactive experiences in HCI, I reviewed the literature 

on embodiment and propose a guidlines to support the development of a mindful artifact 

for the embodied user.  

To summarize, chapter 2 is a review of the literature that discusses interactive 

experiences in HCI. Mindfulness practice offers practitioners a better understanding of 

how their body and mind influence the relationship they have with their environment. The 

presence of an artifact changes a user’s experience as they become more aware of their 

body, and in particular, the significance of a mindful breathing exercise. The literature 

review supports the use of a tangibility framework and specific m-Health design 

considerations when developing mindful artifacts for the embodied user.  
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2.4. Summary of Chapter Two 

In this chapter I divided the literature review into three sections: mindfulness, embodiment 

and interactive experiences in HCI. The investigation of these three key areas provides 

evidence of how technology can enhance awareness of one’s breathing,  use mindfulness 

exercises to change breathing patterns, and experience a decrease in stress while 

engaging in everyday activities.  

There are numerous mindfulness exercises that can bring one’s attention to the present 

moment. Two specific types of exercises reviewed in the literature that are useful for 

novice practitioners are 1) mindful breathing and 2) the acceptance of thoughts, body 

sensations, and emotions. Examination of current research in embodiment and interactive 

experience revealed that while few of the related works in embodiment relate to 

mindfulness per se, many of the somatic practices underlying research in this field use 

attentional techniques shared with mindfulness practice, specifically in their exploration of 

directing attention, breath and body state. I reviewed the literature of interactive 

experience in HCI in order to examine how technology can be applied to mindfulness. 

Mindfulness enhances self-awareness of the body and we can use this connection to 

design mindful artifacts in tangible and wearable computing.  

The investigation of these three key areas will focus the question of how technology can 

enhance awareness of one’s breathing, and with the use of mindfulness exercises, 

decrease stress while engaging in everyday work related tasks. The literature reviewed in 

this chapter examines bodily self-awareness, however, there is a lack of coherent design 

guidelines that support the technological development of mindful artifacts for the embodied 

user. Based on the literature review, the following chapter introduces a set of design 

guidelines that supports the technological development of mindful artifacts. I evaluate 

these design guidelines in a Research Through Design Process and test a variety of 

feedback modalities for the purpose of accommodating a user’s artifact preference. The 

goal of my research is to increase a user’s capacity to become more mindfully engaged, 

particularly while carrying out everyday work activities. 
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Chapter 3.  
 
Towards Design Guidelines for Mindful Artifacts for 
the Embodied User 

From the literature review, one of the contributions of my thesis is to extract design 

guidelines from prior research and based on these design guidelines, to design mindful 

artifacts for the embodied user (Figure 2.1). While, technologies are increasingly being 

used to support mindfulness practices, there has been little analysis of what design 

guidelines can support technology design. Additionally, there has been little research that 

has evaluated how different feedback modalities can affect everyday awareness. Drawing 

from my investigation of mindfulness, embodiment and interactive experiences in HCI, in 

this chapter, I discuss five design guidelines and apply a Research Through Design 

Methodology to develop three technological artifacts that support mindfulness practice.  

 

Figure 3.1. Literature Review  

Mindfulness practices enable users to observe stressful and/or emotional 

situations without reacting to the situation (Shapiro et al., 2006). Practicing mindfulness 

decreases the stress of the practitioner (Kabat-Zinn & Hanh, 2009b). Except for one 

research framework, the embodiment literature in HCI does not discuss mindfulness. 

However, the literature does encompass similar ideas to mindfulness, including the 

exploration of attention, breath, and state. As designers, we can incorporate the 
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mindfulness exercises together with tangible and wearable computing to create positive 

computing experiences that decrease stress and increase overall well-being. We also 

need to make sure the interactive experience in HCI is meaningful to the user. Not every 

user will have the same experience with an artifact. Therefore, I believe that the gap in the 

literature can be addressed with the exploration of different feedback modalities. Offering 

a user the option to personalize the HCI experience by having them select a preferred 

artifact will create a more fulfilling interactive experience.  

 

Figure 3.2. Proposed Guidelines with colours matching the Literature Review 

Using research as a base, I propose a set of guidelines developed from the 

literature review. I use these guidelines to design the artifacts that will explore how 

technology can be used to enhance awareness of one’s breathing without interfering with 

their everyday activities. I plan to use my artifacts to test the proposed design guidelines 

for mindful artifacts for the embodied user. In chapter 3 I discuss how the literature review 

influences the proposed design guidelines, and then I describe in detail the design of the 

artifacts and the implementation of the guidelines. The research through design 

methodology for the exploratory mixed-method study is discussed in chapter 4. 
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3.1. Proposed Design Guidelines  

3.1.1. Qualities of the Tool 

The first guideline, qualities of the tool, recommends that the artifacts be designed 

with varied feedback modalities. An effective artifact will facilitate a decrease in stress and 

an increase and focus. Akama and Light (Akama & Light, 2015) developed a framework 

to replace mindless technology with mindful technology. Many events in our daily lives can 

disrupt a mindfulness practice, for example, hearing a disturbing noise or receiving a 

stressful email. Artifacts do not have to be “always on” and can create interactions that 

draw attention to the present when needed – similar techniques are learned in mindfulness 

practice (Akama & Light, 2015). However, Cochrane and Schiphorst explained that 

occupational therapists who specialize in stress reduction pointed out that not every type 

of alert, or feedback modality will be useful for every person and more research is needed 

to test different feedback modalities (Cochrane & Schiphorst, 2015). When designing 

artifacts in the domain of mental health, designers should construct the artifact using user-

centered design (Cochrane & Schiphorst, 2015; Doherty et al., 2010). The artifact should 

be tested for usability and the user should be able to “navigate” through the device. John 

Maeda’s Laws of Simplicity can be used to make sure that there are not any additional 

functionality options on the device to make it too complicated for the average user (Maeda, 

2006). Privacy also needs to be given consideration if the device records personal data 

(Doherty et al., 2010; Sorber et al., 2012). 

3.1.2. Interaction to Transform Awareness 

The second guideline, interaction to transform awareness, suggests that the 

artifact be designed so that the users’ interaction with the artifact changes the mind/body 

relationship, and subsequently, how users interact with their environment. Kirsh’s 

framework for embodied cognition, Höök’s Affective Loop Experience (Kirsh, 2013a) and 

Shusterman’s somaesthetics (Lee et al., 2014; Shusterman, 2012) all stressed the 

importance of artifacts’ role in increasing our awareness of our body. When we are more 

aware of our body, we start to understand the connection between our body and our mind, 

and how changes in our body influence our thinking (Höök, 2009; Kirsh, 2013a). Nunez-
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Pacheco and Loke examined how users interact with artifacts and explained that 

designers should develop artifacts that move in and out of the user’s focus. The body/mind 

relationship will affect how we interact with our environment (Hornecker & Buur, 2006; 

Kirsh, 2013a; Nunez-Pacheco & Loke, 2014) and when we become more aware of this 

relationship, we are able to be mindful and attentive to the task at hand (Akama & Light, 

2015).  

3.1.3. Materiality 

The third guideline, materiality, indicates that the physical materials used to design 

the technology can drastically change the experience the user has with the artifact. 

Schiphorst defined materiality as “the importance of embodiment and its application to 

physical materials; the texture, shape, fabric and form that support experience” 

(Schiphorst, 2009). In wearable computing it is also essential to consider wearability, or 

the physical shape of the clothing and jewelry and the connection it has with the human 

form (Gemperle et al., 1998). Gemperle et al. (Gemperle et al., 1998) discussed that the 

location of the wearable and the form of materials on the body are important 

considerations when designing technology.  Ferraro and Ugur (Ferraro & Ugur, 2011) 

suggested that Langer lines be taken into consideration when designing. These pathways 

are used for surgical incisions and induce less movement and flexibility. Hornecker and 

Burr (Hornecker & Buur, 2006) discussed the importance of material representations of 

the artifact when designing for tangibility. Selecting the right materials can directly affect 

the behaviour of the user and influence how the user inhabits and interacts in their space 

(Hornecker & Buur, 2006).  

3.1.4. Reflection and Discovery 

The forth guideline, reflection and discovery, recommends that artifacts be 

designed to support the understanding of one’s body and encourage users to reflect on 

their actions in everyday environments. Reflection and discovery are also important 

components of mindfulness practice. To increase self-awareness, strengths and 

limitations must be acknowledged. As well, individuals need to reflect on how well they 

understand themselves and their response to everyday activities. Artifacts can be used to 



 

45 

mediate this process. Researching Gendlin’s felt sense (Gendlin, 1982), Heidegger’s 

theory present-at-hand (Leder, 1990), and present-at-mind (Tanenbaum et al., 2011), 

Nunez-Pacheco and Loke developed present-at-body. The researchers defined the term 

“as the reflective tools for developing bodily self-awareness” (Nunez-Pacheco & Loke, 

2014).  Successful artifacts are ones that evoke self-exploration, discovery, ownership of 

the data, inner exploration and learning (Nunez-Pacheco & Loke, 2014). Similar to Nunez-

Pacheco, Akama and Light (Akama & Light, 2015) also emphasized the importance of the 

mindful artifact in assisting the user to evaluate and reflect on their actions in everyday 

environments.  

3.1.5. Meaning-Making 

The final design guideline, meaning-making, emphasizes the importance of the 

quality of interaction between the user and the artifact. Artifacts should be designed with 

a feedback modality that effectively brings attention to the participant of their stressful 

breathing patterns. Then it is up to the participant to use that awareness and initiate 

diaphragm breathing to decrease their stress. With the help of the artifact, the user can 

create meaning and understand the importance of what the artifact is trying to teach them 

about their body and how their body responds to interactions in the world (Höök, 2009; 

Schiphorst, 2009; Ståhl, Höök, Svensson, Taylor, & Combetto, 2009). Technology can be 

used to produce tools that guide users towards happier and healthier lives. Akama and 

Light’s mindfulness framework (Akama & Light, 2015), Höök’s Affective Loop Experience 

(Höök, 2009), Hornecker and Burr’s tangibility framework (Hornecker & Buur, 2006), and 

Schiphorst’s somesthetic framework (Schiphorst, 2009) all emphasized that users create 

the meaning-making, not the artifact. They maintained that interpretation should not rely 

on the artifact but rather the user should understand why the artifact is alerting them and 

be able to choose how they respond to the situation.  

I could not identify an existing project that integrates stress reduction techniques 

and HCI tools successfully into a user’s everyday environment. In this chapter, I present 

three artifacts that I have specifically designed to leverage the strategies of mindful 

breathing into a user’s everyday environment. I applied the design guidelines that have 

been developed from the literature review in chapter 2. 
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3.2. Designing the Artifacts 

3.2.1. Qualities of the Tool 

Similar to the affective loop experience (Höök, 2009), artifacts are designed with 

feedback modalities that signal the user when they are experiencing abnormal 

movements. However, different feedback modalities might affect users differently.  

The artifacts were designed to train participants to become self-aware of their 

bodies, especially when they were exhibiting stressful chest breathing patterns. There 

were two different ways I could alert the participant. Firstly, I could signal the participant 

when they were breathing from their diaphragm (positive reinforcement). Secondly, I could 

signal the participant when they were breathing from their chest (negative reinforcement). 

As my research question referenced how to change participants’ breathing patterns to 

diaphragm breathing, I decided to design the prototypes to turn on when participants were 

breathing from their chest. I did this because it brings awareness to the participant’s body 

when the body is experiencing anxiety, tension and unpleasant emotions (Boiten et al., 

1994). By bringing this awareness to participants, it offers them the opportunity to change 

their breathing pattern and helps them understand the cause of their  negative feelings.  

In the literature review, there is little research that has evaluated how modality can 

affect everyday awareness using tangible and wearable computing. Common feedback 

modalities included light, haptic, audio, and temperature change (Höök, 2009; Höök et al., 

2015; Kim et al., 2015; Núñez-Pacheco & Loke, 2015; Nunez-Pacheco & Loke, 2014; 

Schiphorst, 2006, 2009; Seo et al., 2015; Snyder et al., 2015; Thieme et al., 2013; 

Vidyarthi et al., 2012). To design artifacts for everyday environments, I want to choose 

feedback modalities that are able to change states quickly and emulate breathing. The 

temperature modality cannot change states quickly. Therefore, I decided to build artifacts 

using light, audio, and haptic modalities that can rapidly respond to changes in a 

participant’s breathing. 

Each artifact offers feedback to the participants when they are not breathing deeply 

from their diaphragm. Breathing data is collected from Thought Technology ProComp 2 

system and two respiration sensors (Error! Reference source not found.). The two 
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respiratory sensors are placed on the participant’s diaphragm and thorax, over their 

clothing. The data from the respiration sensors is sent through the M+M: Movement + 

Meaning CANARIE Networked Enabled Platform (NEP). The middleware allows the data 

to be sent to a patch that is programmed using Max6 in real time. The core physiological 

variable is the chest/diaphragm ratio, which indicates whether the participant is engaging 

in shallow (chest) or deep (diaphragm) breathing. 

 

Figure 3.3. Thought Technology Respiration Sensor and ProComp 2 System 

The data from the respiration sensors is inputted into Max6 in real time (Figure 3.4) 

and the chest/diaphragm ratio is calculated. If the user switches to shallow chest 

breathing, the artifact will be activated after five seconds of continuous breathing from the 

chest. It will then take the user another five seconds of deep diaphragm breathing to turn 

off the artifact. The  b As mindfulness is a temporal process, a transformation of embodied 

states over time, where attention and consciousness can oscillate between various foci 

and states of being.  
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Figure 3.4. Max6 Patch in Presentation Mode with the drop down menu to pick 
session type 

For each artifact I applied the design considerations discussed in the related 

works. In the wild, the artifacts will not record the participant’s data and privacy will not be 

an issue. The artifact does not need to be constantly on when participants are working at 

their desk and can be used when the user feels stressed (Akama & Light, 2015). The 

technology’s purpose is to enhance self-awareness of the participant’s breath. In regards 

to technology responsibility, the algorithm for the respiration sensors is reliable and 

commonly used in health care settings (“Science Division - Products - RESPIRATION 

SENSOR - SA9311M,” n.d.). I am applying user-centered design by implementing the 

design considerations recommended by the occupational therapists. 

3.2.2. Interaction to Transform Awareness 

Changing body movements (in this case breathing), changes the way we think and 

interact with our environment (Höök, 2009; Kirsh, 2013b; Shusterman, 2008). I am 

designing the artifacts to alert users of chest breathing (stressful breathing) and offer them 

the opportunity to change to optimal diaphragm breathing. As discussed in the related 
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works, diaphragmatic breathing does reduce stress (Forman & Myers, 1987).  Stress 

reduction increases focus and productivity on the task at hand (Akama & Light, 2015). 

Productivity is an important consideration when designing the tools. The artifacts are 

designed to move in and out of the user’s focus (Nunez-Pacheco & Loke, 2014) and 

should make the user more attentive to the task at hand (Akama & Light, 2015). 

3.2.3. Materiality 

The physical materials of the ubiquitous artifacts can drastically change the 

experience of a user (Hornecker & Buur, 2006; Schiphorst, 2009; Thieme et al., 2013). 

Material choices do alter a user’s experience, and therefore, multiple feedback modalities 

must be tested. I decided to do a preliminary study using the feedback modalities light, 

haptic, and audio. These feedback modalities were choosen because they can change 

state quickly. Mindfulness is a temporal process, a transformation of embodied states over 

time where attention and consciousness can oscillate between various foci and states of 

being. To design for this process, I made sure each of the feedback modalities slowly 

faded in and out, similar to Höök’s Soma Mat (Höök	et	al.	2015). 

 

3.2.3.1 Visual Feedback Artifact 

The visual feedback modality was prompted by Höök et al.’s Breathing Light (Höök 

et al., 2015), Snyder at al.’s MoodLight (Snyder et al., 2015), and Thieme et al.’s Spheres 

of Wellbeing (Thieme et al., 2013). The inspiration for this artifact was the beauty of a 

crystal ball and the idea that the users would feel a calming presence when looking at the 

artifact. Portability, low cost and the ability to easily turn on the artifact were all very 

important design considerations.  
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Figure 3.5. Visual Feedback Diagram 

The visual feedback artifact (figure 3.1) uses respiratory sensors, two Xbees, an 

Arduino Uno and XBee Shield, two batteries, and a RGB LED strip. Chest breathing 

triggers the light to begin fading.  Once the user returns to diaphragm breathing, the RGB 

LEDs will stop fading and the fully lit state is restored. 

 

Figure 3.6. Visual Feedback  

I painted the box black so that it would not be noticeable. For the study, I chose 

one colour to fade. Blue is considered a calming colour for most people (Lucassen, 
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Gevers, & Gijsenij, 2011; McMenamin et al., 2013; O’Connor, 2011; Valdez & Mehrabian, 

1994). Therefore, for my study I used a blue-tinted bulb. 

3.2.3.2 Haptic Feedback Artifact 

The haptic feedback artifact was inspired by the Felt Sense Kit (Núñez-Pacheco & 

Loke, 2015). Initially, I started developing prototypes for the haptic feedback artifact using 

one vibration motor on the wrist. I found the vibration too intense and not sufficiently 

relaxing. I tested the haptic feedback artifact on a few colleagues and it was suggested 

that I use more than one vibration motor.   

 

Figure 3.7. Haptic Feedback Prototype  

I changed the artifact and used three vibration motors to initiate a feeling of gentle 

movements up the arm like a massage to calm a person’s nerves. The design of the device 

is unobtrusive and comfortable. I used Gemperie et al.’s locations for wearables 

(Gemperle et al., 1998) and designed the device to be worn on the forearm. 
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Figure 3.8. Haptic Feedback Modality 

The device is wrapped around the uncomfortable Lilypad and convexed around 

the forearm (Gemperle et al., 1998).  The form-fitting device uses Langer’s lines as 

suggested by Gemperle et al. and stays within the bodies intimate space (Gemperle et al., 

1998).  

The haptic feedback artifact (Figure 3.8) is attached to the user’s arm. The artifact 

uses two respiratory sensors, two XBees (for wireless communication), a Lilypad XBee, a 

battery, a Lilypad, vibe motor, and a computer (Figure 3.9). The vibe motors attach to the 

users’ wrists. Chest breathing triggers the vibe motors to vibrate at a rate proportional to 

participants’ breathing, and gradually slows down to help the participant initiate deep 

diaphragm breathing. Once the user returns to diaphragm breathing, the vibe motors stop 

vibrating.  
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Figure 3.9. Haptic Feedback Drawing 

I decided to use black fabric for the artifact, however, other colours would be 

acceptable when the artifact is used in the wild. 

3.2.3.3 Audio Feedback Artifact 

The final artifact is the audio feedback artifact. It was inspired by audio meditative 

experiences such as Jon Kabat-Zinn’s meditation tracks (Kabat-Zinn, 1994; Kabat-Zinn & 

Hanh, 2009a) and the Sonic Cradle (Vidyarthi et al., 2012). The Audio feedback modality 

does not include any physical computing components and the user is able to choose from 

four different nature tracks to listen to during the experience.  

Initially, I did test different types of earphones and sound quality. I found that over 

the ear headphones worked better than ear buds and in ear headphones. I realize that not 
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everyone will feel comfortable using over the ear headphones but to keep the study 

reliable, everyone has to use the same earphones.  

I also explored different types of sounds. I started by recording relaxed breathing 

sounds, but soon realized that these sounds heightened the anxiety.  I decided to switch 

to nature sounds. There were four different sounds: a thunderstorm, birds in the daytime, 

birds at dusk, and finally, the sound of waves.   

 

Figure 3.10. Audio Feedback Modality 

The audio feedback artifact (Figure 3.10) uses the respiratory sensors, professional studio 

over the ear headphones (AKG MK-II) and a computer. Chest breathing triggers a recording of 

nature sounds. Once the user returns to diaphragm breathing, the clip becomes silent.  

3.2.3.4 Integration 

The artifact needs to work in the user’s environment. Artifacts should be designed 

so that the physicality does not hinder the task-at-hand that the participants are trying to 

accomplish. For my artifacts, I am making sure the devices do not hinder everyday tasks 

such as typing on a computer, answering phone calls, or writing on paper. Integration 

should also occur in an already established practice. I decided to design my artifacts for 
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use with the mindful exercise of diaphragm breathing. The artifact will activate a feedback 

signal when the participant is not breathing from their diaphragm. Diaphragm breathing is 

a great exercise for novice mindfulness practitioners and assists with the letting go of 

thoughts, body sensations and emotions which can cause stress (Aguilera, 2011b; Arch 

& Craske, 2006; R. A. Baer, 2006).  

3.2.4. Reflection and Discovery 

Users can practice breathing from their diaphragm with the assistance of artifacts 

(Kirsh, 2013b). As discussed in research by Akama and Light and Nunez-Pacheco and 

Loke, I designed the artifacts to help users reevaluate their body (Akama & Light, 2015; 

Nunez-Pacheco & Loke, 2014). I purposefully designed the artifacts to give feedback to 

participants when they are breathing from their chest, in order to initiate discovery of their 

own body. Also, the feedback evokes self-exploration, inner exploration, and ownership 

of one’s body which most people do not experience on a regular basis (Nunez-Pacheco 

& Loke, 2014). I also designed the artifacts to alert participants when they are breathing 

from their chest to assist with user reflection. With this knowledge, they can evaluate 

changes in their environment and the task-at-hand. 

3.2.5. Meaning-Making 

Technology can be used to produce tools that guide users towards happier and 

healthier lives. Meaning-making determines the quality of interaction users have with the 

artifacts. I designed the artifacts so that the user can create meaning and understand the 

importance of what the artifact is trying to teach them about their body and how their body 

responds to interactions in the world (Höök, 2009; Schiphorst, 2009; Ståhl et al., 2009). 

To achieve meaning, the artifacts alert participants when they are breathing from their 

chest so that they can change to a more relaxed state with diaphragm breathing. With this 

knowledge, the participant is able to identify the triggers responsible for increasing stress, 

that are found in their environment or the task-at-hand. 
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3.3. Summary 

In this chapter, I proposed design guidelines for mindful artifacts for the embodied 

user following the literature review discussed in chapter 2. The proposed framework 

includes qualities of the tool, materiality, interaction to transform awareness, reflection and 

discovery, and meaning-making.  

Currently, there is a gap in the literature when researchers design mindful artifacts 

for everyday use. I contributed to the HCI dialogue of supporting design for everyday 

mindfulness practice through tangible and wearable technologies, specifically by 

suggesting the need for further investigation of multiple feedback modalities when 

designing artifacts. By designing artifacts using the concepts listed in the design 

guidelines, technology will enhance a user’s well-being. 

In the next chapter I discuss the methodology that demonstrates the usefulness of 

the design guidelines when developing mindful artifacts for the embodied user.    
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Chapter 4.  
 
Methodology 

In chapter 3 I use the literature review to create a guidelines for mindful artifacts 

for the embodied user and I discuss how the proposed guidelines influences the design of 

my three artifacts. In this chapter, I explain how I implemented my research through design 

as a methodology for my mixed-method study. I discuss the design guidelines developed 

from the extensive literature review in the areas of mindfulness, embodiment, and 

interactive experiences in HCI. I present an overview of my mixed-method study and 

explain why it is a necessary to incorporate the proposed guidelines for mindful artifacts. 

Then I present my research questions and sub-questions for the qualitative and 

quantitative data. Next, I describe the main features of the research design including 

meeting with the participants, collecting the data, and analyzing the data. Finally, I discuss 

the validity and reliability of the study.  

4.1. Research Objective  

The goal of this study is to investigate whether different feedback modalities affect 

users differently. I hope this research investigation demonstrates how feedback modality 

can influence the effectiveness of mindfulness, stress reduction, and focus in everyday 

activities. I present three artifacts that leverage the strategies of mindfulness: breathing 

and the acceptance of thoughts, emotions, and body sensations, and I investigate the 

preliminary outcomes of using wearable and tangible devices. It is important to design 

systems that can assist already established practices and the value of a heightened 

awareness of breathing can be determined. Providing technology interventions to reduce 

stress for people in stressful environments is an important contribution. I believe that if 

designers have an understanding of how different feedback modalities affect the user, 

they will be motivated to create technology that can more effectively bring awareness to a 

user’s body, facilitating the management of their own health and well-being. 
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It is advantageous to design systems that will support well-established practices, 

and the value of a heightened awareness of breathing can be determined. Stress and 

anxiety affects many Canadians; it is a very costly disorder. It encourages the use of drugs 

and alcohol as negative coping strategies, and if left untreated can leave people 

chronically unemployed (Rachman, 2013). Providing technology interventions to reduce 

stress for susceptible individuals is an important contribution. 

4.2. Methodological approach 

4.2.1. Research Through Design 

Research through design, defined by William Gaver (Gaver, 2012) is a design 

practice that uses topical and theoretical research, from both inside the design community 

and in other fields, to address a design challenge. The research is constantly developing 

a variety of guidelines, methods, conceptual frameworks and theories that are used to 

create artifacts and systems. The artifacts and systems are used in field tests and 

coevolved with the theoretical framework developed (Gaver, 2012). A common model 

used for research through design in HCI was created by John Zimmerman, Jodi Forlizzi, 

and Shelly Evenson (Figure 4.1). 
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Figure 4.1. Redrawn diagram of pathways and deliverables between Interaction 
Design Researchers and HCI Researchers 
 

Using our model, interaction design researchers integrate the true 
knowledge (the models and theories from the behavioral scientist) with 
the how knowledge (the technical opportunities demonstrated by 
engineers). Design researchers group their explorations in real 
knowledge produced by anthropologists and by design researchers 
performing the upfront research for a design project. Through an active 
process of ideating, iterating, and critiquing potential solutions, design 
researchers continually reframe the problem as they attempt to make 
the right thing (Zimmerman, Forlizzi, & Evenson, 2007).  

The final outcome of research through design are a number of artifacts and design 

guidelines that I use to answer my design challenge of developing mindful artifacts for the 

embodied user.  

4.2.2. Mixed Method Approach 

Mixed-method research “is an approach to inquiry involving collecting both 

quantitative and qualitative data, integrating the two forms of data, and using distinct 

designs that may involve philosophical assumptions and theoretical frameworks” 

(Creswell, 2013). In mixed method studies, the researcher collects different qualitative and 

quantitative data, combines the data by having one of the data sets build upon the other 

one, gives priority to one of the data sets, does a single study or a multiple phase study, 

frames the study within real-world problems or theatrical lenses, and finally, “combines the 

procedures into specific research design that directs the plan for conducting the study” 

(Clark & Creswell, 2011). According to Creswell, there are three different mixed methods 

designs: convergent parallel mixed method, explanatory sequential mixed method, and 

exploratory sequential mixed method. The basic models can also be used in the more 

advanced studies of transformative mixed methods, embedded mixed methods, and 

multiphase mixed method study (Creswell, 2013). Each mixed-method design will address 

different research questions. For my research goals, I have decided to use a convergent 

parallel mixed method. 



 

60 

4.2.3. Convergent Parallel Mixed Method 

Convergent parallel mixed method is a study design that collects qualitative and 

quantitative data at the same time and merges the data to provide a detailed analysis of 

the research problem. The researchers collect the data at the same time and the results 

are interpretations of the combined qualitative and quantitative data (Creswell, 2013). 

4.3. Research Question 

In this thesis, I investigate how technology can support self-awareness of one’s 

breathing in everyday environments, particularly in the work environment. I investigate 

how increased knowledge of one’s own breathing can affect stressful respiration patterns 

and decrease the associated stress. To validate the design guidelines and determine 

whether the artifacts do enhance self-awareness of breathing, I use a Research Through 

Design methodology and a convergent parallel mixed method study design.  

The main research goal is to understand if technology interventions helps users 

apply the mindfulness technique of breathing so that they can cultivate an acceptance of 

thoughts, body sensations, and emotions. Being able to accept sensations that move 

through your body has been proven to reduce stress and keep you focused on the task at 

hand (Kabat-Zinn & Hanh, 2009b, 2009b; Langer, 1997; Teasdale & Segal, 2007). To 

address the main research goal, I ask: 

RQ: How do feedback modalities support the practice of mindful diaphragm 

breathing in everyday work activies? 

4.3.1. Qualitative Sub-Questions 

Qualitative measures have the potential to provide a richer account of the felt 

experiences of individual participants. Because the objective of the thesis is mapping out 

the design of everyday mindful technology and documenting how individuals differed in 

their felt experiences of the artifacts, I am including a qualitative analysis. In order to 
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evaluate the participants’ experience of their mindfulness practices, I used a qualitative 

approach:  

1. How did the feedback modality affect the user awareness of 1) their mind/body 
connection and 2) their environment? 

2. How did the materiality of the feedback modality affect the felt experience of the user? 

3. How did the user’s reflection on breath change their experience with the task-at-hand?  

4. When feedback alerts the participant of stressful respiration patterns, does the 
participant use this information to learn about their body and how it interacts with the 
world?  

4.3.2. Quantitative Sub-Questions 

In order to evaluate the efficacy of the participants breathing patterns which are 

indicative of their stress levels during mindfulness practice, I used a quantitative approach. 

I am including quantitative analysis to find potential trends in the participants’ breathing 

data. It is important to include quantitative data to examine the multiple ways to explore a 

research problem.  

1. Do certain feedback modalities encourage participants to spend more time 

engaged in diaphragm breathing than chest breathing? 

2. Do participants transition more easily to diaphragm breathing with the modality 

that they prefer? 

4.4. Mixed-Method Research Design 

4.4.1. Recruiting the Participants 

Breathing techniques have been proven to reduce stress and anxiety and increase 

productivity in university students (Consolo et al., 2008). I decided to use convenience 

sampling in this pilot study because graduate students work in stressful environments and 

it was easier to obtain basic data and trends without the complications of using a 

randomized sample. There have not been many studies that examine graduate student 
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stress. However, graduate students stress about health insurance, their physical 

environment, and the lack of communication in academics (Oswalt and Riddock 2007). In 

one study in American southeastern universities, 48.9% of students felt stressed, and 

24.7% of students felt very stressed. However, many were interested in learning about 

stragegies to reduce stress such as massage, yoga, and meditation (Oswalt and Riddock 

2007). 

I used emails and word of mouth to recruit 19 participants that are graduate students 

in the School of Interactive Arts and Technology and the School of Communication at 

Simon Fraser University.  

For the qualitative data, I asked the participants open-ended semi-structured 

questions after each of the three artifact sessions:  

1. Can you describe your experience? 

2. Did you notice any change in your stress levels before and after the 
feedback?  How would you describe this?  

3. Can you describe your feelings or sensations during the feedback session? Were 
there any highlights you experienced? 

4. Consider your sensations during the beginning, middle, and end of the session. 
Did you notice any change in your sense of “presence” or “awareness of the 
moment”? Can you describe your sensation of presence? 

5. Describe your experience of breath and breathing following the session? 

6. Would you compare this experience to anything else you have done before? 

After the final session with the last artifact, I also asked participants a few more questions: 

1. Which feedback experience did you prefer? Why? 

2. Which feedback experience was the most pleasurable? How would you describe 
this? 

3. What stands out as your most prominent highlight of all three artifacts?  
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4.4.2. Study Timeline 

In a repeated-measures study, I recorded the breath data of participants at 

baseline, using each of the three artifacts in five one-hour sessions over two weeks. Each 

session consisted of participants working on an everyday task as the Thought Technology 

respiration sensors recorded their thorax and diaphragm breathing.  

For the first and final sessions, participants’ baseline breathing (i.e., without a 

artifact) was recorded. For each of the middle three sessions participants used the 

artifacts. Each participant tested each artifact, one artifact per session, with the order 

counterbalanced. At the beginning of each session, a researcher taught the participant 

how to breathe from their diaphragm. The participant was asked to sit upright in their chair 

and place a hand lightly on their stomach. Mirroring the researcher, the participant was 

asked to concentrate on breathing from their diaphragm (where their hand was located) 

rather than their chest. As they breathed in through their nose, they were to feel their 

stomach rise as their lungs filled with air from the bottom. Finally, they had to let their 

stomach relax as it fell naturally when they were breathing out through their mouth.  

None of the participants were familiar with mindfulness or mindfulness exercises. 

Once the subject felt comfortable breathing from their diaphragm, I attached two Thought 

Technology respiration sensors. I instructed participants to focus on breathing from their 

diaphragm when the feedback sensors were triggered. After they practiced with the 

respiration sensors and the artifact, the participants returned to their regular work tasks 

with the respiration sensors and artifacts activated. Regular work tasks included everyday 

activities such as researching, writing papers, and marking undergraduate work. The 

participants were asked open-ended, qualitative questions about their experience 

following the completion of each session.  

4.4.3. Research Instruments 

The research instruments used in this study was Thought Technology’s respiration 

sensors and they have been used in other research studies (Healey, Seger, & Picard, 

1999; Picard & Healey, 1997; Picard, Vyzas, & Healey, 2001; Vidyarthi et al., 2012). 

Results of this instrument revealed an internal consistency and the scores were stable 
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over time when the instrument was administered. There were no errors caused by 

carelessness in administration and scoring. I also recorded the raw data and a 

chest/diaphragm ratio in Max6, as discussed in chapter 3. 

4.4.4. Data Collection 

For the qualitative data, I used two Thought Technology respiration sensors on the 

diaphragm and thorax. The user recorded four one-hour sessions consisting of 36,000 

measurements of participants’ current breath type (chest or diaphragm). The 

measurements were taken every 100 milliseconds.  In the max6 patch, I recorded the 

participant’s number, the session number, time (in milliseconds), raw data of the two 

sensors, and whether the participant was breathing mostly from their chest or their 

diaphragm. 

4.4.5. Data Analysis  

For the quantitative data, I calculated the number of times participants breathed 

from their diaphragm, as opposed to their chest. “Preferred modality” was categorical; 

participants reported only one modality as their favourite. I therefore treated “preferred 

modality” as a grouping factor. Each modality corresponded to a group. Participants’ 

scores were grouped according to which modality they preferred. 

To explore the relative influences of modality and participants’ preferences, I 

conducted a two-factor mixed ANOVA on the ratios of diaphragm to chest breathing. 

“Modality” was the repeated measures factor and “Preferred modality” was the between-

subjects factor. The analysis was then used to answer the quantitative sub-questions.  

For the qualitative data, each interview was recorded using the Evernote 

application on my MacBook Pro. Then each interview was transcribed to a word 

document.  

Two coders independently coded the interview transcripts using thematic analysis. 

The participants’ answers were coded in the categories of: stress level, awareness of the 

artifact, productivity, reflection on breath, presence and awareness of the moment, 
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acceptance of thoughts, bodily sensations and emotions, enjoyment, and finally 

complaints for each feedback modality. The data was then used to answer the qualitative 

sub-questions. The coding scheme was not pre-defined but categories emerged as the 

two coders analyzed the data.  

In the analysis, I used the data from both the quantitative and qualitative results to 

answer my research questions and evaluate the proposed guidelines.  

4.5. Validity and Reliability 

For internal validity, I selected participants who have certain characteristics. As 

stated in the recruiting participants sub-section, I decided to use convenience sampling in 

this pilot study because it was easier to obtain basic data and trends without the 

complications of using a randomized sample. I understand for external validity that I 

cannot generalize to individuals who are not graduate students in a technology or 

communication field outside of Vancouver, Canada. I also realize that this is a time-bound 

experiment and it cannot be generalized to the past or future situations because of 

changes in technology and different groups of people with a variety of experiences. 

For reliability of the quantitative data, I discussed how the data was recorded and 

I cited other studies that used the same instruments. For reliability of the qualitative 

research, two coders independently coded the interview transcripts using thematic 

analysis in the categories noted above. The results of the two data sets were merged to 

give a detailed analysis of the research problem.  

4.6. Summary 

In this chapter, I discussed my study design and test the artifacts in a convergent 

parallel mixed-method study design. This study will help review the guidelines and answer 

my main research question that determines whether feedback modality support the 

practice of mindful diaphragm breathing in everyday work activies. I discuss the study 
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design that includes my research questions, recruitment of the participants, study timeline, 

research instruments, data collection and analysis, and finally, validity and reliability.  



 

67 

Chapter 5.  
 
Qualitative and Quantitative Results from Feedback 
Modality Study 

Following the literature review in chapter 2, I discussed five design guidelines that 

were used to develop three mindful artifacts, each with a different feedback modality 

(discussed in chapter 3), to alert users when they are not breathing optimally from their 

diaphragm. Focusing on one’s breath patterns is a well-known technique borrowed from 

mindfulness practice that has been proven to reduce stress and increase focus (Consolo 

et al., 2008; Williams & Kabat-Zinn, 2011a). Chapter 4 described the research through 

design methodology and the implementation of a convergence mixed-method research 

design. In chapter 5, I examine the qualitative and the quantitative results, analyzing the 

outcomes and presenting interpretations from the data. The results illustrate that 

participants do prefer different feedback modalities. When participants are able to achieve 

the optimal diaphragm breathing patterns their stress decreases and their focus increases. 

Moreover, participants who perform a regular body-based practice are better able to focus 

on their breathing while they perform work activities. Based on an analysis of the data, 

design guidelines are evaluated and additional revisions suggested.  

All participants in the repeated-measure study took part in five one-hour sessions. 

In the first and last session of the study, I recorded a baseline where the participants did 

not use any of the artifacts. In the other three sessions, the participants tried all three 

prototypes (visual, haptic, and audio feedback artifacts). Each participant experienced 

each artifact, one artifact per session, with the order counterbalanced. During the 

sessions, the participants received feedback from the artifacts when they were breathing 

from their chest. To turn off the feedback signal from the artifact, participants were 

instructed to breathe from their diaphragm. After the session, I asked the participants the 

open-ended questions listed in chapter 4.  

In the qualitative analysis, two individual coders organized the open-ended 

question data into eight themes. I describe the seven coded themes that originated from 

the interviews. These themes include: artifacts effect on stress; user’s awareness of the 
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artifact; user’s focus or distraction to the task-at-hand; user’s reflection on breath; user’s 

presence and awareness of the moment; user’s thoughts, emotions, and body 

acceptance; and finally, user’s opinions about the artifacts. In the quantitative analysis, I 

examine the data collected from the Thought Technology’s respiration sensors.  

The outcome of this analysis is discussed in chapter 6 where I triangulate the 

qualitative and quantitative data to answer my research question and sub-questions.  

5.1. Qualitative Analysis 

The qualitative data I obtained in this research was used to evaluate the 

participants’ experience with both the three artifacts and their mindfulness practice. 

Qualitative data provides a richer account of the felt experiences of individual participants. 

The data revealed the artifacts’ effects on stress, awareness, focus or distraction, 

reflection on breath, presence and awareness of the moment, thoughts, emotions and 

bodily sensations, enjoyment, and finally complaints.   

5.1.1. Artifacts Effect on Stress 

A mindful practitioner that focuses on the present moment will experience a 

decrease in stress (Aguilera, 2011a; Brown & Ryan, 2003; Forman & Myers, 1987; 

Greenberg, 2002). To code stress levels, two coders recorded words in the participants’ 

vocabulary that communicated a relaxed state. Common words participants used included 

energetic, peaceful, calm, recovery and unbothered. Next the coders recorded words that 

indicated a stressful state. Common words that participants used were anxious, angry, 

upset, and annoyed. Finally, if the participant specifically mentioned there was no change 

in their stress level, the coders recorded that stress levels remained neutral. Not all 

participants commented on their stress state for each artifact. The results can be seen 

below in Figure 5.1. 
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Figure 5.1. Participants Stress Levels  

Eleven of the participants using the visual artifact reported that their stress levels 

decreased.  The remaining participants experienced no change in stress levels, or did not 

comment on the artifact’s effect on their stress. During the sessions, no increase in stress 

was reported by participants when using the visual artifact.  

The haptic artifact was the least effective artifact for decreasing stress. Eight 

participants did not perceive any change in their stress levels or had no comment with 

respect to stress.  Four participants reported that they were aggravated by the haptic 

artifact which resulted in an increase in stress. It was interesting to note that most of the 

participants that reported a decrease in stress with the haptic artifact also indicated that 

they participate in other somatic practices such as yoga or dance.  

The audio artifact was effective in decreasing the stress levels for eleven 

participants. The three participants with an increase in stress indicated that the over the 

ear headphones felt foreign and did not fit their ears properly. Four participants reported 

that their stress state did not change when using the audio artifact, and the remaining had 

no comment to offer regarding changes in stress levels. 
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5.1.2. User’s Awareness of the Artifact 

To develop a successful artifact that is physically present within the circumference 

of a user’s awareness but does not disrupt their task-at-hand, I examined the five stages 

of present-at-body (Nunez-Pacheco & Loke, 2014). The concept, discussed in detail in 

chapter 2, begins with the initial discovery of a device. Once the discovery period is 

complete, the cycle of feedback begins: alert the user; attention brought to the device; and 

finally, the user becomes more aware of their body. This cycle continues until the 

interaction is finished and the participant is able to reflect on their experience (Nunez-

Pacheco & Loke, 2014).  

 

Figure 5.2. Most common comments made by the participants on the physical 
presence of the artifact.  

Note. The most common comments are listed first. 

 

Two coders recorded all comments made by the users in the semi-structured 

interviews concerning the participants’ awareness of the artifacts. The participants 
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responded to the physical presence of the tangible artifact (visual feedback artifact), the 

physical presence of the wearable artifact (haptic feedback artifact), and the physical 

presence of the earphones and accompanying sounds (audio feedback artifact).  

The fading blue light of the visual artifact signaled to the user that they had initiated 

chest breathing. Most participants felt this device was indirect and easy to ignore after the 

initial phase of discovery. Participant 18 explained “At the beginning, the device really 

caught my attention. I felt that I was paying more attention to it in the first half of the 

session, went from 50% of my focus on the ball at the beginning of the session to maybe 

5% at the end”. Some participants ignored the light for the entire session. Participant 13 

explained “It was easy to ignore and I didn’t notice it very much. It was very easy to do my 

work and not pay attention to it”. Many of the participants did feel encouragement when 

they looked at the ball and the light was not fading. Participant 17 discussed this by 

explaining that “I was happy when I looked up and it was bright - pretty pumped about that 

and thought to myself ‘I'm breathing good’”. Participant 6 explained that they had a feeling 

that a creature was breathing next to them. Overall, most participants felt comfortable with 

the presence of the light, and there was only one negative comment regarding the colour 

that was chosen for the experiment.  

The haptic artifact attached to the participants’ arm vibrated when they began 

chest breathing. The participants were highly aware of the haptic artifact. Participant 15 

depicted that they were “very conscious about the sensors attached to [their] arm because 

of the buzzing”. About half of the participants could not find a balance with the haptic 

artifact. Participant 5 felt that “something was always alarming [them]”. Participant 13 felt 

that the device made them feel “constricted and could not move as much”. As well, 

participant 17 felt the artifact was “Intrusive [and] ignored it after 15 [or] 20 minutes”. The 

other half of the participants did have a pleasant experience with the artifact. Participant 

8 found the artifact “comforting” and explained that “it felt like a massage”. Participants 6 

and 10 both found it took a while to get used to the device but found it enjoyable after the 

discovery and exploration. Participant 6 commented that the artifact “felt like a friend”. 

Participant 12 enjoyed the “very smooth rolling vibrations” of the artifact. None of the 

participants commented on the visual aesthetics of the haptic feedback artifact. Except for 
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participant 13, all the participants felt the device was comfortable and it was easy to 

navigate their workspace with the device on.    

The headphones of the audio artifact played nature sounds when the user was 

chest breathing, and was silent when the user was diaphragm breathing. Participant 3, 12 

and 13 did not enjoy using the audio feedback artifact because they felt that the earphones 

were uncomfortable. Participant 18 explained that she “felt calm when [the sound] turned 

off but anxious when [it] would turn back on”. Nevertheless, most of the participants did 

enjoy using the artifact. Participant 1 felt that the artifact was the “most intuitive and salient” 

and participant 7 found it “less aggressive and less distracting” than the other two artifacts. 

In the initial discovery phase, many of the participants explained that they were excited 

when the music turned on. However, as the hour progressed, they found the silence 

comforting. Participant 17 explained that initially “when the audio would turn on, I would 

get excited. I didn’t really get the hang of it at first, so I was listening to the sounds (wasn’t 

really trying) but then I got the hang of it and I preferred the silence. [My] first impression 

changed”. Participant 19 explained that at the beginning of the experience he thought the 

artifact used negative reinforcement but by the end he “liked the silence”. 

In conclusion, most of the participants were not aware of the visual feedback 

artifact. The participants that discussed their participation in other somatic practices during 

the interview commented positively on the haptic feedback artifact, while participants that 

did not have any additional somatic activities struggled using the haptic artifact. Most of 

the participants enjoyed using the audio feedback artifact except for those few that felt the 

earphones were uncomfortable. One participant felt anxious when the sounds would 

switch on. At the start of the audio session, most participants mentioned that they wanted 

the sounds on when they were breathing from their diaphragm, however, by the end of 

the experience they enjoyed the silence.  

5.1.3. User’s Focus or Distraction to the Task-at-Hand  

Incorporating mindfulness into everyday activities can be challenging, especially 

when there are pressing deadlines to consider. In this section, two coders incorporated all 

comments pertaining to the users’ focus or distraction from the work they were trying to 
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accomplish during the one-hour sessions. Trigger words included interruption, 

concentration, distractions, working, flow, focus, stopping tasks, improvement, etc.  

 

Figure 5.3. Most common comments made by the participants on their ability to 
focus on their work while using the feedback artifacts.  
Note. The most common comments are listed first.  

Overall, participants felt the visual feedback artifact did not interrupt their work or 

interfere with their attentiveness and found they were able to focus on the task-at-hand. 

Several participants mentioned that they only looked at the light when they noticed errors 

or felt they were distracted. Participant 17 found that “the errors in my work at the 

beginning made me look up more [but] once everything was rolling, I just got lost in the 

moment”. Participant 14 remarked “sometimes…stopped just to control my breathing”. 

Unlike other participants, participant 18 found it difficult to concentrate on the artifact while 

working.  

Participants had mixed opinions about the haptic feedback artifact. Participant 13 

found that the “distraction of the device made me focus on it and not my work”. Participant 

4 explained “It was easy to breathe properly when I’m not working, but [it was] hard to do 

when I’m working”. However, the same participant also noticed they were more productive 

and they “thought breathing helped [them] think of different ideas”. Some of the 

participants ignored the device. Participant 6 recalled “after a while, I did not notice the 
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prototype anymore and my mind shifted to my work”. Some of the participants, such as 

Participant 1 and 5, felt less distracted and better focused on the task-at-hand.  

Finally, only a few participants felt distracted by the audio feedback artifact. 

Participant 7 and 11 felt the artifact was distracting and they could not concentrate. 

Participant 2 felt that the device slowed down their work. “The only thing I noticed is when 

I heard the sound it slowed down everything. I think not really the sound. Just the sound 

triggers the breaths and the breaths made me slow down during the work. I feel a little bit 

weird because today I’m doing some casual writing, so I feel good. But I feel if it were 

really intense work that can really slow down the kind of work”. Participants 14, 15 and 17 

felt that they were more focused on the task-at-hand while using the artifact. Participant 

17 recalled that when they were distracted by the device itself, the device “was really easy 

to turn off” by initiating diaphragm breathing, and then they continued working on their 

project.   

To conclude, most participants ignored the visual feedback artifact and worked on 

their projects as they normally would. With the haptic feedback artifact, some of the 

participants found it very distracting while others found it helped them stay on track. Similar 

to the other findings, participants who acknowledged that the haptic device was helpful 

did participate in additional somatic activities. Finally, most of the participants found the 

audio feedback artifact assisted with their focus and only a few were distracted by the 

device.  

5.1.4. User’s Reflection on Breath 

Comments that participants made with respect to their breathing were recorded by 

two coders. Trigger words included breathing patterns, breath frequency, breathing 

irregularities, deep breaths, etc.  



 

75 

 
Figure 5.4. Breathing correlation with stress levels  

The qualitative data illustrated a strong correlation between the participant’s 

awareness of their breathing and a decrease in stress. Participant 1 observed this while 

using the audio artifact by saying “[it is] an eye-opener that just when I’m mentally more 

engaged, my breathing changes in a way that is probably counterproductive because if 

I’m doing something that’s a bit more mentally taxing, I need more, not less, oxygen. It’s 

good to find out”. Similar to Nunez-Pacheco and Loke’s present-at-body research (Nunez-

Pacheco & Loke, 2014), the participants used the artifacts to reflect on their own 

behaviours and bodily sensations. 

Overall, the participants found that a focus on breathing did assist with stress 

reduction if they were able to incorporate diaphragm breathing. The artifacts facilitated the 

participants’ ability to attend to themselves and their internal body sensations, versus 

occupying the participants’ attention. A response from participant 6 was typical of this 

concept: “I was conscious about my breathing and trying to make myself better for my 

working environment”. I concluded that the artifacts were successful in supporting the 

participants’ understanding of the relationship between their breathing patterns and their 

stress levels by promoting exploration, reflection, analysis, and education. 

For some participants, the artifacts seemed to increase the stress level of the 

participants.  Our research revealed that some participants struggled with adjusting their 

breathing pattern and were unsuccessful incorporating diaphragm breathing. Participant 

11 observed this with the haptic artifact by saying “Initially, I was trying to make it stop by 
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breathing but I couldn’t concentrate on my work. I was doing work and it kept vibrating…I 

[couldn’t] adjust my breathing pattern”. 

Generally, participants’ productivity improved when they could incorporate 

diaphragm breathing into their breathing pattern. Kirsh’s emphasis on the connection our 

bodies have to our brain when interacting with our environment (Kirsh, 2013b) was seen 

in the participants’ observations of their breath. Several participants observed that they 

often began breathing from their chest when they changed to distractive activities such as 

social media. For example, participant 15 noticed “I know when I’m distracted by other 

stuff I tended to have more obstacles like shallow breathing”. My findings revealed that 

when participants were diverted from their task at hand, the artifact initiated feedback. The 

participants realized they had become distracted and switched back to a productive task.   

5.1.5. User’s Presence and Awareness of the Moment 

Mindfulness meditation is about awareness on a moment-to-moment basis 

(Kristeller & Hallett, 1999). In this section two coders included all comments made by the 

participants that indicated presence and focus.  

 

Figure 5.5. Impact of various levels of awareness 
 

In the qualitative data, it was found that participants who emphasized they were 

aware of the present moment also experienced decreased distraction. When using the 

audio artifact, participant 5 remarked “I think I definitely thought more about everything 

that is happening around [me] and my ability to work or [concentration improved] ...and 

actually stay awake thinking about [work]”.  
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Participants that were aware of the present moment recognized how the body/mind 

relationship affected their environment. Participant 1 recalls “I guess probably the main 

thing would’ve been just my noticing the relationship between just certain things I would 

be doing with the rest of my body and the sound because that’s all part of the same 

package. It’s all part of this heightened state”. Overall, participants were able to stay 

focused on the present and felt engaged in the moment. However, it was noted that a few 

participants did not feel awareness of the moment in the later half of the session or at all.    

Participants who stated that they were “highly aware” of the moment found the 

artifacts had a negative impact on their experience and they became uncomfortable and 

alarmed. These participants found the haptic feedback artifact to be the most distracting 

of the three artifacts. While commenting on the haptic artifact, participant 14 indicated “[the 

feedback] was there all the time. I could feel it from beginning to end. It was terrible”. 

Núñez-Pacheco and Loke found vibrations to be useful in designing for Focusing 

techniques (Gendlin, 1982) while Höök et al. found vibrations to be very distracting in The 

Soma Project (Höök et al., 2015).  

Participants who were not aware of the moment felt the visual feedback was too 

passive. Participants stated the light was easy to ignore and didn’t help them achieve 

mindfulness. While reflecting on the visual feedback, participant 13 said “I did not notice 

[the visual feedback] as much. I think I was able to ignore it more easily than I was able to 

ignore the others…I wasn’t focusing particularly on breathing; I wasn’t concentrating on 

that too much”. The participants felt that the visual feedback was ineffective in capturing 

their attention. It did not direct their attention to the present moment, nor did it assist them 

in letting go of stressful thoughts.  

To summarize, participants who were not aware of the moment felt the artifacts 

were too passive and easy to ignore. Participants that were highly aware felt that they 

could not obtain a proper diaphragm breathing pattern. Those participants who attained 

an average awareness of the moment achieved a diaphragm breathing pattern and had a 

more positive experience with the artifact. Most of the participants in this state felt a 

heightened relationship between their body and its reaction to certain tasks. However, a 
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few participants felt they lost the awareness later in the session or that there was no 

awareness to begin with.  

5.1.6. User’s Thoughts, Emotions and Body Acceptance 

In this section, the coders incorporated all comments made by the participants in 

the semi-structured interviews that dealt with letting go of any stressful thoughts, emotions, 

or movements. Important keywords included: changing states, emotions, and movements.  

 

Figure 5.6. Attention to thoughts, emotions, and body acceptance. 

The tendency of some participants to be inattentive to their thoughts, body 

sensations and emotions, and to create an imaginary competition with others was an 

active barrier. Participant 5 recalled “I was more focused on breathing. However, I felt like 

I was failing when I didn’t pay attention to my breathing”. By comparing themselves 

negatively to a perceived other, these participants undermined the purpose of mindfulness 

during the experiment. Participants who commented on their failure also indicated that 

they would have rather had positive reinforcement models instead of the negative 

reinforcements which were used in the artifacts.  

 Several participants observed that tasks that usually caused them anxiety 

(sending e-mails, finances, and programming) did not increase their stress levels during 

the sessions. Participant 19 observed, “during that hour, I don’t think there was a lot of 
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anxiety. The fact that I was writing an email to my boss, I’m sure that’s high on the anxiety 

level but I do not feel anxious writing to my boss”. Participants that experienced increased 

stress due to the task at hand found it was easy to let go and create a calm demeanor 

during the session. Participant 16 observed “I was stressing about the dates my friend is 

going to come and visit me and how I mixed them up…I kind of flipped a little bit…Little 

bit of a panic. I noticed that the stress level went way down super fast after that. I recovered 

quickly”. Overall, the participants paid more attention to their body and how their 

environment and tasks affected their emotional state. This new found awareness 

decreased their stress levels.  

To conclude, participants that were attentive to how their body and their 

environment affected their emotional state noticed that they could manage their stress 

levels more effectively, in particular, when conducting otherwise stressful tasks-at-hand. 

Participants that were inattentive to their thoughts, emotions and body, and instead 

focused on comparing themselves to a perceived other, were not successful using mindful 

breathing to decrease their stress. 

5.1.7. User’s Opinions about the Artifact 

Overall, most of the participants had a positive, pleasant experience with the 

artifacts. Participant 4 explained “after [the audio] session, I feel more awake. It is strange 

because I was awake all night working on a project and have been exhausted all day.” 

A few participants offered constructive criticism of the artifacts. Participant 7 

explained “I would have preferred the light to be red rather than blue”. Participant 17 felt 

that they sat more upright but felt very uncomfortable in that position.  

Participant 14 and 17 explained that they would have preferred to hear their own 

selection of music rather than the nature sounds. Participants would have liked more 

complexity and volume levels on the audio soundscape. To conclude, participants would 

have liked more customizations and be able to personalize the artifacts.  

The sessions brought back memories of experiences such as meditation exercises 

or the sound of the rain in their childhood house. Participant 9 explained “the audio brought 
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back memories of me listening to thunderstorms as a child.” Many of the participants 

thought the idea of incorporating diaphragm breathing was effective and they enjoyed the 

sessions.  

5.1.8. Summary 

The qualitative data uncovered interesting results. The participants had an 

aesthetic appreciation for the visual feedback artifact, and over half of the participants 

experienced a decrease in stress levels after the session was complete. Nevertheless, 

most of the participants felt that the visual artifact was easy to ignore and did not affect 

their focus or task-at-hand productivity. Placing a visual feedback artifact either on the 

participant’s main focus (in most cases this was a computer screen), or on a tangible 

device in the participant’s immediate space might catch the users’ attention more 

effectively. 

Six participants noted that they experienced decreased stress levels when using 

the haptic feedback artifact. Two participants indicated that their stress increased while 

eight participants felt that their stress did not change. Overall, participants were highly 

aware of the haptic feedback. Participants who enjoyed the haptic experience often had a 

consistent somatic practice or body-based practice such as Butoh dance or yoga. The 

participants who did not incorporate body-based practices in their everyday life felt the 

haptic artifact was overwhelming and very stressful.  

Ten participants found a decrease in stress levels using the audio feedback 

artifact, three felt the audio artifact increased stress levels and five participants indicated 

that their stress levels did not change. The participants that had a negative experience 

with the audio artifact found the headphones uncomfortable and one of them believed the 

sound from the artifact increased their anxiety. After the discovery phase, many of the 

participants preferred silence over the nature sounds. Some participants felt the nature 

sounds reminded them of their childhood house, and some would have preferred to 

choose their own music for the audio feedback modality.  

 Overall, participants who were able to establish a diaphragm breathing pattern 

while using the feedback artifacts found that their diaphragm breathing changed to chest 
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breathing when a stressful situation occurred or when they became distracted. 

Participants who were not able to establish a diaphragm breathing pattern found the haptic 

artifact to be overwhelming and stressful. Some participants had a negative experience 

with the feedback devices because they were focused on comparing their breathing 

pattern to a perceived other. This interfered with the purpose of engaging in mindful 

breathing. Overall, when the participants were able to attain a diaphragmatic breathing 

pattern, they enjoyed the experience and were able to reflect on their own behaviours and 

bodily sensations.  

5.2. Quantitative Analysis 

In this section I present my analysis of the quantitative data collected from the 

Thought Technology’s respiration sensors.  

Feedback modality had four levels: audio, visual, haptic, and the average of the 

pre and post controls. I averaged the two controls to cancel out order effects. Preference 

had three levels: preferred haptic, visual or auditory. A preliminary scan of the data 

revealed that only one participant reported a preference for the visual modality. Because 

this participant represented an ‘outlier’ with respect to preference, I excluded them from 

the analysis. Otherwise, twelve participants preferred the audio feedback and six preferred 

the haptic feedback. 

Preliminary Shapiro-Wilkes tests confirmed that the ratios of diaphragm to chest 

breathing were normally distributed (p<.001) and so parametric tests were used. I 

predicted that participants would have the greatest ratios of diaphragm to chest breathing 

using the modality that they preferred. Therefore, although I did not anticipate the main 

effects of either modality or preference, I expected an interaction between modality and 

preference. Because my research was exploratory, all my tests were two-tailed. 

Before discussing my results, I note that my tests were likely underpowered, 

having only 18 participants and eight condition cells. My purpose is therefore less 

confirmatory than exploratory. I interpret null results with caution, and report effect sizes 

along with p values. Effect sizes were calculated by dividing the differences between 
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condition means by the conditions’ pooled standard deviation. I interpret effect sizes by 

Cohen’s standard, and treating .2, .5 and .8 as the benchmarks for small, medium and 

large effects. 

The ANOVA revealed no main effects of either modality (F(3,14)=2; p>.15) or 

preference (F(1,16)=.96; p>.34), and no interaction (F(3,14)=.26, p>.86). Table 5.1 shows 

the marginal and cellular means and standard errors.  

Table 5.1 Descriptive statistics for the relationship between feedback modality 
(top row) and preference (left column) on ratios of diaphragm to 
chest breathing 

 Haptic Audio Visual Control  

Haptic M =.87 

SE =.11 

M =.91 

SE =.04 

M =.79 

SE =.14 

M =.66 

SE =.11 

M =.8 

SE =.05 

Audio M =.75 

SE =.11 

M =.79 

SE =.05 

M =.75 

SE =.06 

M =.66 

SE =.11 

M =.74 

SE =.04 

 M =.79 

SE =.08 

M =.83 

SE =.04 

M =.76 

SE =.06 

M =.66 

SE =.06 

 

Although non-significant, the data yielded some trends. The ratios of diaphragm to 

chest breathing appeared somewhat higher with the audio artifact, and to a lesser extent, 

with the haptic artifact, than with the visual artifact (daudio-visual =.34; dhaptic-visual=.11). 

The differences in breathing between the baseline (no artifact) and artifact conditions 

appeared stronger for the audio artifact (daudio-control = .77) than either the haptic 

(dhaptic-control=.44) or the visual artifact (dvisual-control=.4) Secondly, although I 

observed little support for our prediction that participants’ preferences for the visual or 

haptic artifacts would affect their performance with these artifacts, there was a trend for 

participants who preferred haptic to perform better with both the haptic and audio artifacts 

than those who preferred audio (dhaptic = .4; daudio=.79). Differences in performance with the 

visual artifact and at baseline appeared weak (dvisual =; dbaseline = 0). 
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Figure 5.7. Relationship between feedback modality and preference 

Because my sample was underpowered and direct statistical comparisons of the 

different feedback modalities, preferences and relations between them were non-

significant, my data warrants no firm conclusions. I consider my data potential fodder for 

future experiments with larger sample sizes, and a ground for my qualitative analysis. 

5.2.1. Summary 

Because the quantitative data shaped our queries of the qualitative data, I have 

disclosed my tentative interpretation of the quantitative data. Relative to the visual artifact, 

which was spatially distant from the participants, the audio and haptic artifacts were harder 

to ignore. Possibly, the audio artifact seemed less unusual, given that many participants 

listened to music while working. Accordingly, assuming the trend is reliable, I wonder 

whether the difference between participants who preferred haptic versus audio indicated 

a greater willingness to engage with unusual sensory experiences. If so, participants who 

preferred haptic feedback might have already possessed a greater tolerance for negative 

emotions or thoughts, and a heightened ability to self-monitor their physical experiences, 

relative to participants who preferred audio, which was the more familiar and physically 

unobtrusive modality.  

Tolerance for unfamiliar sensations and self-monitoring are part of the mindfulness 

practice. Although more data is needed to determine if the data is reliable, my pattern of 

data might suggest that the physically intrusive feedback served to accentuate skills that 
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certain participants already possessed, namely attuning to their bodies and interpreting 

and tolerating unusual sensations. Conversely, participants who were less familiar with 

bodily experience or sensory reflection may have benefitted less from the haptic or audio 

artifact. 

5.3. Chapter Summary 

In this chapter I discussed the qualitative and quantitative results of the study. The 

qualitative results revealed that participants mostly ignored the visual artifact, participants 

were split between an energetic enjoyment and a strong negative opinion of the haptic 

modality, and finally, most participants preferred using the audio modality with the 

exception of a few who found the earphones uncomfortable. The quantitative data 

samples were underpowered and the different feedback artifacts, preferences and 

relationships were non-significant. However, if the trends are reliable, the participants 

were more successful with diaphragm breathing using the audio and haptic artifacts. In 

addition, the quantitative data revealed that participants who preferred haptic feedback 

were a little more successful with diaphragm breathing. 

In the next chapter, I triangulate the qualitative and quantitative data and answer 

the research question and sub-questions discussed in chapter 4. I also use the results to 

evaluate the proposed guidelines for mindful artifacts for the embodied user.  
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Chapter 6. Discussion from Triangulated Data from 
Feedback Modality Study 

In this chapter, I discuss some insights gained from the study and utilize the results 

from chapter 5 to evaluate the five design guidelines that were applied in the development 

of the three different artifacts. The three mindful artifacts were designed to alert the users 

with a feedback modality of either light, haptic or audio when the participants were not 

able to achieve optimal diaphragm breathing. The three artifacts were created using five 

design guidelines (chapter 3) that were developed from the literature review (chapter 2). 

In this chapter, I triangulate the results discussed in chapter 5 to answer my research 

questions and validate the proposed guidelines for mindful artifacts for the embodied user. 

The guidelines include: qualities of the tool, materiality, interaction to transform 

awareness, reflection and discovery, and meaning-making.  

 

Figure 6.1. Phases of Breathing 
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6.1. Qualities of the Tool 

I developed three different feedback artifacts that were activated when a user 

initiates chest breathing. Activation of the artifact signals the user to become self-aware 

and take action to manage their stress, focus and productivity.  I was interested in testing 

the effect different feedback modalities would have on each individual user’s ability to 

apply mindfulness exercises. I will use the results to answer my main research question: 

how does feedback modality influence the effectiveness of mindfulness exercises, and 

what is the impact on stress reduction, focus and productivity in everyday activities?  

I will also look into the two quantitative sub-questions: 

1. Do certain feedback modalities encourage participants to spend more time 

engaged in diaphragm breathing than chest breathing? 

2. Do participants transition more easily to diaphragm breathing with the modality 

that they prefer? 

As discussed in chapter 2, two mindfulness exercises I focused on were 

mindfulness breathing and the acceptance of thoughts, body sensations and emotions. I 

choose these two exercises because they are commonly used for novice practitioners and 

all the participants I tested had no prior experience in mindfulness training. Improved 

diaphragm to chest breathing ratio, stress reduction, focus and productivity would indicate 

successful application of mindfulness exercises. 

Participants prefer different feedback modalities and these preferences shape 

participants’ assessment of how they are influenced by the different artifacts. My study 

included a quantitative and qualitative analysis. My quantitative analysis revealed a 

potential trend for participants who preferred haptic feedback to be better able to breathe 

from their diaphragm. I suggested that participants who preferred haptic feedback might 

be more comfortable with the notion of intrusive feedback in general. Such trends 

corroborated the qualitative analysis. Participants who preferred haptic feedback tended 

to engage in body-based practices such as yoga or dance, but those participants who did 

not take part in a body-based practice had strong negative reactions to haptic feedback. 

Importantly, participants’ interpretations of their experiences with the artifacts, whether 
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they were positive or negative, influenced how the artifacts affected their focus and 

breathing patterns. My qualitative analysis suggested that participants who incorporated 

diaphragm breathing into their breathing patterns, and who were able to remain in that 

state longer, noticed that diaphragm breathing was associated with decreased levels of 

stress and improved focus on their task.   

6.2. Interaction to Transform Awareness 

One of mindfulness’ core values is to teach practitioners to transform awareness 

and understand the importance of the mind/body relationship (Aguilera, 2011a; R. A. Baer, 

2006; Brown & Ryan, 2003; Lau et al., 2006; Shapiro et al., 2006; Thieme et al., 2013). I 

designed the artifacts to bring attention to this relationship. In this subsection, I want to 

answer the sub-research question: How did the feedback modality affect the user’s 

awareness of 1) their mind/body connection and 2) their environment? Looking at the 

qualitative data, I believe I have successfully shown that participants, when using a 

preferred method of feedback, were more aware of how the connection with their breath 

affects their thought process, and subsequently, their interaction with the environment.  

In my study participants were able to see the connection between their body and 

their mind, and understood how that relationship determined their experience with the 

environment. Two mindsets evident in the qualitative data were distractions and anxieties 

associated with the task at hand. Participants often discussed how they connected work 

distractions to chest breathing and how the artifacts assisted with remaining focused. The 

qualitative analysis also revealed the artifacts reinforced a decrease in anxiety when 

performing tasks that usually increased the participants’ stress levels. Similar to 

Susterman’s somaethetics (Shusterman, 2008), participants that were not aware or too 

aware of the artifact were not able to achieve diaphragm breathing patterns and their 

stress increased. However, participants who were aware of the artifact found that their 

stress decreased and they were able to focus on the task-at-hand. I did find that one of 

the participants did feel that when they were aware of the artifact that they felt that it took 

them longer to complete the task-at-hand. However, it could also indicate that the 

participant was able to make less mistakes as they were not speading through their task-
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at-hand. More research on awareness of the moment is needed to make more concrete 

conclusions.  

6.3. Materiality 

I discussed the design of the artifacts in chapter 3. I specifically selected the 

materials to help bring an awareness to the feedback modality of the three artifacts. In this 

section, I discuss the qualitative research sub-question: how did the materiality of the 

feedback modality affect the felt experience of the user? 

With the visual feedback artifact, initially, the users enjoyed the light. Many of the 

participants commented that they liked the colour and design of the lamp. Even though 

over half the participants indicated that their stress was reduced with the visual artifact, 

when they were focusing on the task at hand the participants commented that the light 

was too passive and completely ignored it. In the quantitative data, there was not a 

significant difference between the baseline (no artifact) and the visual artifact. This means 

that the participants did not focus on their diaphragm breathing as much as they did with 

the haptic or audio artifact. The participants who were able to attain diaphragm breathing 

patterns and who had an acute awareness of the moment found the experience with the 

haptic feedback artifact comforting and soothing. Although no specific comments were 

made on the materiality of the fabric, participants did say they enjoyed the rolling sensation 

of the vibration motors. The participants who struggled with the haptic artifact found they 

were particularly aware of the sensors attached. The audio feedback experience was 

enjoyed by most participants, although some commented that the ill-fitting headphones 

were uncomfortable. 

Designing the physical artifact for integration into a participant’s life is a significant 

feature of the materiality guideline. I believe that successful artifacts developed in HCI 

need to be integrated into an already established mindfulness practice. My suggestion is 

consistent with the findings that participants who preferred haptic feedback perform better 

with a more intrusive artifact. I also observed that participants who preferred haptic 

feedback tended to be involved in mindful, body-based and musical practices such as 

dancing or yoga. Participants already accustomed to “tuning in” to and accepting unusual 
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bodily sensations might benefit more from intrusive physiological feedback than 

participants who are less accustomed. This conclusion has been established in previous 

work on Feldenkrais’ tool The Soma Carpet (Höök et al., 2015), the Focusing tool The Felt 

Sense Kit (Núñez-Pacheco & Loke, 2015), and mindfulness tool Moodlight (Snyder et al., 

2015).  

I integrated the artifacts with mindfulness exercises and practices. Overall, each 

participant’s preferred modality seemed to reduce anxiety and improve their ability to focus 

on the moment and on the task at hand. My quantitative data revealed a trend for 

participants to spend more time in diaphragm than chest breathing with audio or haptic 

feedback than without the feedback, given a possible reinforcing effect of participants’ 

preferences. Therefore, I believe materiality and choice of feedback modality (as 

discussed in the previous subsection) are important considerations when creating mindful 

artifacts for reducing stress and increasing focus and productivity.  

6.4. Reflection and Discovery 

The third theme in my guidelines for mindful artifacts for the embodied user is to 

design so that the participant can have an initial discovery phase with the artifact and then 

reflect after the experience. In this section, I answer the qualitative research question: 

How did the user’s reflection on breath change their experience with the task-at-hand? 

Mindfulness encourages practitioners to explore self-awareness of the body and reflection 

that can shape and direct the thoughts in ones’ head (Kabat-Zinn & Hanh, 2009b).  

In my study, I found that some participants used the artifact for discovery and 

reflection. Early in the sessions, participants spent time exploring the tool and learning 

how it works. During the experience, participants were able to reflect on their breath and 

understand how changes were affected by their environment or a change in the task-at-

hand. The participants perceived the experience as successful if they felt their breathing 

pattern worked well with the artifact. With the preferred feedback modality, all the 

participants felt that they had successfully initiated diaphragm breathing and overall 

improved their well-being. Examination of the quantified data collected revealed that the 

preferred feedback modality also improved their diaphragm breathing as compared to 
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when no artifact was used. However, some of undesirable feedback modalities broke the 

relationship the participant had with their breath, increasing their stress and decreasing 

their productivity. Some of the participants attributed this imbalance to failure as they 

compared themselves to a perceived other and undermined their mindfulness experience. 

Subsequent to Nunez-Pacheco and Loke present-at-body (Nunez-Pacheco & Loke, 

2014), I concluded that the artifact needs to support the participants’ insight into the 

relationship between their breathing patterns and their stress levels by inspiring users to 

engage in discovery, reflection, and analysis in order to learn about their body.   

6.5. Meaning-Making 

In the literature review, many of the existing projects encourage artifacts to use 

feedback as a gentle reminder to pay attention to their inner sensations and create 

meaning-making. For my artifacts, I created a sub-question that addresses whether my 

artifacts initiated meaning-making in the user and asks: When the feedback alerts the 

participant of stressful respiration patterns, does the participant use this information to 

learn about their body and how it interacts with the world? The feedback artifact alerts 

participants to irregularities in their body, however, it will be up to the user to choose how 

they interpret their body and make meaning. Meaning-making is a central aspect of 

designing an experience in HCI, as in Höök’s affective loop experience (Höök, 2009) and 

somaesthetics framework by Schiphorst (Schiphorst, 2009).  

Although feedback can notify users when they change from optimal diaphragm 

breathing, users are ultimately responsible for creating their own meaning-making by 

observing which environmental factors have caused a change in their breathing. This can 

be easily done by either an examination of their physical environment or reflecting on how 

the change in the task-at-hand has affected them. Our observations are consistent with 

the idea that user preferences interact with feedback modalities in a process of meaning-

making that influences the positive valence of the breathing awareness the artifact 

facilitates. Users who interpreted the feedback experience negatively could not effectively 

manage their breathing patterns, whereas users who interpreted the feedback experience 

positively were able to effectively manage their breathing patterns. It is important to note 

that the positive breathing experience was consistent with mindfulness concepts. I 
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therefore recommend that designers of tools for mindfulness practices assess how 

feedback modalities influence a user’s experience of meaning-making. 

6.6. Synthesizing Guidelines 

In section 6.5, I discussed each of the design guidelines separately. However, 

many of the ideas and discoveries from my study overlap. Therefore, in this section, I will 

synthesize the design guidelines into three categories: qualities of the tool, interaction to 

transform awareness, and discovery and reflection.  

6.6.1. Qualities of the Tools 

The revised qualities of the tool guideline now incorporates two former guidelines: 

qualities of the tool and materiality. The physical materials of the feedback modalities can 

drastically change the experience a user has with an artifact. I found that participants who 

took part in a somatic practice were able to continue with diaphragm breathing longer, 

preferred a more invasive feedback modality, and better tolerated intrusive materials 

connected to their body. Therefore, more than one feedback modalitiy should be tested to 

properly evaluate how the user reacts to a particular artifact.  

6.6.2. Interaction to Transform Awareness 

The new guideline interaction to transform awareness is similar to the original 

guideline created using the literature review. With the assistance of the artifact, 

participants should be able to see the connection between their body and their mind, and 

understand how that relationship determines their experience with the environment. With 

this understanding, participants are able to stay focused and reduce their stress levels.   

6.6.3. Discovery and Reflection 

Discovery and Reflection synthesizes the old guidelines discovery and reflection 

and meaning-making. When a user has a positive feedback experience with the artifact,  

they are better able to use the artifact to observe what factors cause stress in either their 
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physical environment or changes in their task-at-hand. Participants should discovery 

stress factors and reflect on these instances using the artifact.  

6.7. Summary 

In this chapter, I presented an analysis of the results of the research questions 

introduced in the design guidelines for mindful artifacts for the embodied user. I used 

research through design methodology and I triangulated the qualitative and quantitative 

data.  

I used my results to evaluate the five design guidelines (now synthesized into three 

design guidelines) that were applied in the development of the three mindful artifacts. 

1. Qualities of the Tool: participants will react differently to the same artifact 
feedback modality. It is important to test and develop a varied selection of 
artifact modalities. An effective artifact will facilitate a decrease in stress and 
an increase in focus and productivity.  

2. Interaction to Transform Awareness: it is possible to use tangible and wearable 
computing to facilitate a user’s understanding of their body and the relationship 
it has with their mind. If this is successful, then an artifact can initiate the 
process that supports a decrease in stress and an increase in focus and 
productivity.  

3. Reflection and Discovery: When the user has a positive feedback experience, 
participants should discover if the change in breathing was caused by their 
environment or task-at-hand and reflect on how these stress factors can be 
reversed with diaphragm breathing.  

In chapter 7 I discuss my conclusion, which consists of a summary of my previous 

chapters, contributions to the HCI community, limitations of the study, and future works.    
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Chapter 7. Conclusion  

Technologies are becoming increasingly popular in mindfulness practice, and little 

is known about how feedback modalities influence different users in everyday 

environments. In my thesis, I used a research through design methodology and initiated 

a mixed method study to answer my design challenge. I analyzed how different feedback 

modalities influence users in their work environments. My findings illustrated that 

participants that were able to achieve optimal diaphragm breathing patterns, increased 

focus, and decreased stress. Also, users that participated in a somatic practice were better 

able to increase focus and decrease stress than those who did not have a somatic 

practice. My findings affirm the value of somatic awareness, and provide future 

possibilities for integrating somatic techniques into the design of technology. Finally, I used 

the artifacts to evaluate five design guidelines that were developed from the literature 

review in embodiment and interactive experiences in HCI.  

In this chapter, I highlight important aspects of the work I have completed in this 

thesis. I summarize the research and study, describe the contributions to the HCI 

community, discuss the limitations of the study, and suggest future works.  

7.1. Summarize the Research and Study 

In this thesis I investigate the capability of tangible and wearable artifacts to 

effectively remind a user to initiate the mindful exercise of optimal deep diaphragm 

breathing so that they can better manage their stress, focus and productivity. To design 

the artifacts, I examined literature review in mindfulness, embodiment, and interactive 

experiences in HCI.  

I introduced two important features of mindfulness that novice practitioners learn 

when they begin their training. First, mindful breathing, which offers the practitioner a 

greater awareness of their breath and how it affects the relationship between their 

body/mind and their environment. The second feature is the acceptance of one’s thoughts, 
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body sensations and emotions so that the practitioner does not readily react to stressful 

situations that would normally occur in their life.  

In the second section, I reviewed the literature and researched the frameworks and 

concepts that are currently discussed in embodiment. Even though only one reviewed 

framework discusses mindfulness, I discovered that researchers used similar concepts to 

explore attention, breath and state.  

In the third section, I examined frameworks and ideas that explored the interactive 

experience in HCI. I researched literature reviews that addressed mindfulness and the 

idea that technology can help users become more aware of their bodily sensations. I found 

that there was an absence of coherent design guidelines that are needed to develop 

mindful artifacts for the embodied user. Also, I determined that there was was a need to 

test how different feedback modalities changed the experience for different users.  

Drawing from an investigation of mindfulness, embodiment and interactive 

experiences in HCI, I discussed five design guidelines that I used to develop my three 

mindful artifacts. The design guidelines included: qualities of the tool, materiality, 

interaction to transform awareness, reflection and discovery, and meaning-making.  

In chapter 4 I discussed the research through design methodology I used for the 

study and designed a mixed-method research design.  I recruited 19 graduate students 

from the School of Interactive Arts and Technology and the School of Communications at 

Simon Fraser University. In a repeated-measures study, I recorded the breath data of the 

participants in five one-hour sessions. In the first and final session I recorded the baseline 

breathing data, and in the middle three sessions the participants used each of the three 

different artifacts. At the end of the middle three sessions, I conducted semi-structured 

interviews.  

I discussed the results of the qualitative and quantitative data. For the qualitative 

data, two coders coded the answers from the semi-structured interviews and categorized 

them into eight themes: artifacts effect on stress, user’s awareness of the artifact, user’s 

focus or distraction from the task-at-hand, user’s reflection on breath, user’s presence and 

awareness of the moment, user’s thoughts, emotions and body acceptance, user’s 
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enjoyment of the artifacts, and finally, user’s complaints of the artifacts. The qualitative 

data was analyzed by an examination of the diaphragm to chest ratio of breathing and 

was then compared to the participant’s preferred feedback modality.  

In chapter 5, I triangulated the data, and from the results evaluated the five design 

guidelines that were applied in the development of the three artifacts.  

7.2. Contributions to the HCI Community 

In a review of relevant research literature, I found two gaps. Firstly, I found there 

was little research on how different feedback modalities changed the experience for the 

user. Secondly, I found no coherent theory on design guidelines that would be helpful in 

the development of mindful artifacts for the embodied user.  Below I outline four 

contributions of this research.  

My first contribution is that participants prefer different feedback modalities and 

these preferences shape participants’ assessments of how they are influenced by the 

different artifacts. If the participants were able to engage in a successful diaphragm 

breathing pattern, their stress decreased and their focus increased. However, if 

participants were not able to initiate a diaphragm breathing pattern, their stress increased 

and they focused on the artifact rather than the task-at-hand.  

My second contribution is that participants with established somatic practices were 

able to stay in diaphragm breathing patterns longer. Physically intrusive feedback served 

to accentuate skills that certain participants already possessed, namely attuning to their 

bodies and interpreting and tolerating unusual sensations. In yoga, a common somatic 

practice, practitioners are already accustomed to touch because it is a significant 

component of the practice. In dance, another common somatic practice, contact between 

bodies and the floor result in touch and haptic stimuli.   

 that integrating artifacts into an already established practice will increase the 

effectiveness of mindful breathing. I discovered that people who participate in a regular 
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body-based or somatic practice such as yoga or dance were able to stay in diaphragm 

breathing longer than participants who did not have a practice. 

The third contribution of this research are the five guidelines (now synthesized into 

three guidelines) to be used to design mindful artifacts. These include: qualities of the tool, 

interaction to transform awareness, and reflection and discovery. I created these design 

guidelines with research from the literature review and validated the guidelines with 

evidence from an analysis of the three artifacts. 

1. Qualities of the Tool: not all feedback modalities are created equal. It is 
important for designers to test multiple feedback modalities because users 
will have different experiences with different feedback devices.  

2. Interaction to Transform Awareness: the artifact should facilitate self-
awareness of the body and how one reacts to changes in both the mind 
and the environment.  

3. Reflection and Discovery: Participants are able to discover what changes 
in their environment cause stress and use this knowledge to reflect if these 
diaphragm breathing reverses their stress.   

Finally, this research contributes to an area of computing that increases a user’s 

health and well-being. Collaborations with researchers and professionals should include 

a discussion of how technology can help users gain better insight into what their body is 

trying to tell them. As proven with mindfulness and other practices that enhance self-

awareness, when we listen to our body, we have healthier, happier, and greater lives.  

7.3. Limitations  

This research is an examination of how to design mindful artifacts for use in ones’ 

everyday life. There is minimal existing research in the area of designing mindful artifacts, 

therefore, this research is useful for exploratory mixed-methods design. Due to time 

constraints and other factors, I was only able to conduct a preliminary study with a specific 

group of participants. Therefore, I can conclude that the results cannot be generalized 

over large populations or other cultural groups. The next step would be to test the three 

artifacts over different populations including race, age, and financial situation. Each 
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participant only used each artifact once, however, it is possible that participants were 

better at diaphragm breathing in the presence of an artifact in their fourth session. Future 

work to fix these limitations would be to do a longitudinal study of the three artifacts.   

Another limitation was that some participants found it difficult to learn diaphragm 

breathing in the short amount of time that was given to teach this new skill. I believe that 

this limitation can be addressed by integrating the tools into a traditional mindfulness class 

with novice practitioners. It is possible that over time, participants who were frustrated with 

the haptic device might enjoy using it.   

Technology does not always work perfectly. There were a few sessions where the 

sensors and computers were not cooperating. By the end of the studies, I had worked out 

most of the bugs in the max6 program and the sensors. However, it would be beneficial 

to rerun the sessions with new participants and test the artifacts’ and sensors’ capability 

in longer studies.   

7.4. Future Work 

There are many opportunities for future work with mindful artifacts in the HCI 

community. Firstly, the three artifacts designed in this study should evolved from my study 

results. As this was a preliminary review with a specific group of users, I would like to 

generalize my findings to different work places and groups of people. I would be interested 

in working with students from other institutions, people employed in high stress 

environments such as competitive technologies, factories, businesses, health care 

workers and aid workers located in countries struggling with conflict and crisis.  

 I would also be interested in developing artifacts that can be used in different 

health care environments such as hospitals and therapists’ offices. It would be worthwhile 

to investigate how artifacts can contribute to the facilitation of mindfulness for people 

suffering from severe illnesses and pain. As well, I would like to develop artifacts with 

mindfulness experts to assist them in teaching mindfulness exercises to their students and 

other practitioners.  
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I would like to examine the many ways that stress can be detected, and research 

the different sensors that are able to gather this information. I would also like to research 

different feedback modalities that might not correlate to breathing but may be helpful with 

mindfulness exercises. I would be interested in studying how feedback modalities such as 

temperature, light, and visuals can be used to alert participants. It would also be useful to 

look into different mindfulness exercises such as mindful walking, mindful eating, and body 

scanning. 

Finally, I would be interested in testing and integrating smart phone and computer 

applications to be used in tandem with the artifacts.  

This work explores how tangible and wearable artifacts can help users decrease 

stress and increase focus in their everyday environment. I believe more research needs 

to be conducted to explore how computing can support individuals in the management of 

their own health and well-being. 
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Appendix A.  
 
Sample of Qualitative Data 
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Appendix B.  
 
Sample of Quantitative Data 

Participant Milliseconds Period 
Feedback 
Type 

Breathing 
Type 

Breathing 
Location Switch 

Switch 
Time 

1 45000 0 0 0 0 1 5000 

1 75000 0 0 1 0 1 35000 

1 95000 0 0 0 0 1 55000 

1 100000 0 0 1 0 1 60000 

1 110000 0 0 1 0 1 5000 

1 115000 0 0 0 0 1 10000 

1 120000 0 0 1 0 1 15000 

1 125000 0 0 0 0 1 20000 

1 130000 0 0 1 0 1 25000 

1 155000 0 0 0 0 1 50000 

1 160000 0 0 1 0 1 55000 

1 165000 0 0 0 0 1 60000 

1 175000 0 0 1 0 1 70000 

1 180000 0 0 0 0 1 75000 

1 195000 0 0 1 0 1 90000 

1 220000 0 0 0 0 1 115000 

1 225000 0 0 1 0 1 120000 

1 245000 0 0 1 0 1 10000 

1 250000 0 0 0 0 1 15000 

1 260000 0 0 0 0 1 5000 

1 290000 0 0 1 0 1 35000 

1 295000 0 0 0 0 1 40000 

1 300000 0 0 1 0 1 45000 

1 305000 0 0 0 0 1 50000 

1 310000 0 0 1 0 1 55000 

1 330000 0 0 0 0 1 75000 

1 335000 0 0 1 0 1 80000 

1 340000 0 0 0 0 1 85000 

1 350000 0 0 1 0 1 95000 

1 365000 0 0 0 0 1 110000 

1 380000 0 0 1 0 1 125000 

1 390000 0 0 0 0 1 135000 




