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Abstract

This thesis contributes to human-computer interaction (HCI) research with a focus on the
design of virtual reality (VR) applications that support and elicit the experience of breath
awareness. Within HCI, advocating for technology-supported well-being has resulted in a
large body of interactive systems informed by the quantified self paradigm. While these
technologies elicit positive health outcomes, they also sometimes reduce access to a greater
range of experiences that promote self-regulation and well-being. A growing interest in HCI
is moving beyond the quantified self to designing technologies “as experiences” based upon
embodied and first-person reflective practices. In this research, we are specifically interested
in the experiences that arise through technologies that elicit breath awareness. However,
in reviewing prior HCI research in designing for breath awareness, we have found that the
differing epistemological commitments and theoretical frameworks determine very different
sets of systems’ values, expectations and methods. This is an under-explored design space
within HCI that necessitates a deeper understanding of disambiguation of how epistemo-
logical commitments shape not only our systems, but our experiences and how we consider
methodologies that support the rich and meaningful explication of those experiences. While
we contribute primarily to HCI, our work is positioned in the broader intersection of art,
science, and technology.

We structure our research around two main foci. First focus is on the design and evaluation
of VR applications built upon first-person practices of eliciting breath awareness. We en-
gage in disambiguating theoretical underpinnings of the systems that perceptually extend
breath awareness to understand how epistemological commitments of different theoretical
frameworks inform system design to support breath awareness. Then, we present the it-
erative process of design and evaluation of two breath-based VR systems: Pulse Breath
Water and Respire. Second focus is on methodological strategies that clarify not only fine-
grained descriptions of the experience but its very own structure. We have applied micro-
phenomenology in HCI to design and evaluate two immersive VR systems for eliciting breath
awareness. We contribute to understanding how micro-phenomenology can be used in the
context of VR systems for articulating the nuances, complexity, and diversity of a user’s
experience beyond surface descriptions.
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Chapter 1

General Introduction

1.1 Introduction and Motivation

The proliferation of Human-Computer Interaction (HCI) continues to unveil new avenues for
exploring how we can employ technologies to aid, enrich and assist us as we move, connect,
communicate, and socialize in our homes, workplaces, and public spaces. As HCI evolved its
multi-disciplinary research agenda, the role of technology has shifted from the initial interest
in human factors and ergonomics and overcoming disruptions in task-oriented computing
to designing computing that privileges experiential outcomes over mere task completion.
This shift has opened a design space for exploring not only how technology mediates our
interactions with the world, but also the ways that technology can mediate how we relate
to and improve upon ourselves. For example, persuasive computing (Fogg; 1998, 1999),
body interfaces and quantified self movement (Wolf; 2010) illustrate that technology could
elicit behavioral changes in ourselves and raises questions about how technology can be
further employed to change our attitudes and behavior. Within HCI interest in positive
psychology, defined as “... the scientific study of positive human functioning and flourishing
on multiple levels that include the biological, personal, relational, institutional, cultural, and
global dimensions of life” (Seligman and Csikszentmihalyi; 2014) resulted in development of
positive technology that emerged as a line of research that focused on developing solutions
for bettering human experience by aiding them in developing the awareness that supports
behavioral changes and improving well-being (see Appendix B).

With the HCI researchers’ growing interest in well-being, the space for new theoretical
frameworks opened to embrace a wide range of theoretical perspectives. HCI draws from
a wide range of theories and approaches as a basis for a plethora of interactive systems,
solutions, and devices in the complex and always changing technological landscape. Besides
ergonomics that early HCI research draws from, psychology has been central to the HCI’s
interest in classical cognitivism and information processing paradigms (Bødker; 2006; Har-
rison et al.; 2007). With the increasing complexity of the technologies for experience, a new
set of challenges emerged in designing for well-being. These challenges led the HCI commu-
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nity to embrace knowledge from first-person practices of attending to the self. Mindfulness
and practices of embodiment (Johnson; 1995) often involve practitioner in the practice of
attending to their breath. Paying attention to breath is one of the strategies often used
to develop somaesthetic and kinesthetic awareness and cultivate our attention to noticing
qualities of self, be that thoughts, or sensations arising from macro body movement or
micro-movements of the chest following each breath in and out.

In recent years, a vast number of interactive systems have been built upon the knowledge
from first-person practices. Yet, engaging in first-person practices invites many challenges
in practitioners with or without technology use. Attending and listening to the inner body
(such as heart rate, breathing) requires attentional capacities sometimes underdeveloped in
design practitioners as well as technology users. This “inaccessibility of inner body” (Núñez
Pacheco; 2015) often becomes an obstacle to connecting to the intricacies and qualities of the
participants’ experiences leading to their self-reflection and self-regulation. With the rise of
ubiquitous and pervasive computing, our awareness of the inner self is enhanced by devices
explicating the implicit physiological processes and providing us with biofeedback data that
can be quantified (e.g., self-trackers such as Fitbit providing heart rate). Furthermore, the
HCI design community recently engaged in finding ways other than “quantified self” to
access inner body states through designing experiential, interactive systems for attending
to the inner self1, a design space in which we position the research presented in this thesis.

Work on this thesis began with the project Solar (Figure 1.1), a desktop-based virtual
reality system that aids novice practitioners in developing the practice of focused-attention
meditation with a goal of stress reduction (in Appendix C). The system is built upon the
widely accepted mindfulness-based stress reduction program by Kabat-Zinn (2003, 2011,
2009). The system guided the participant’s attention to their breath by presenting them
with visual cues for their breathing (a pulsating circle) accompanied by the soundscape.
The visual feedback to the participant’s progress is reflected in the color change of the
element in the VR (see Figure 1.1), controlled by the mediation-induced changes in electro-
encephalography (EEG) data. Deep, diaphragmatic breathing was encouraged by a gradual
evolution of a complex soundscape with each deep breath (building upon Prpa et al. (2016);
Vidyarthi and Riecke (2013); Vidyarthi et al. (2012)). Throughout the process of developing
this system and engaging with the participants, we2 became interested in working with
breath as design material in the context of mindfulness and breath awareness. Also, my
views about the use of technology in relation to first-person practices have changed since
working on Solar and this is described below in Thesis Focus #1.

1inner-self and inner body are used interchangeably

2most of the work described in this thesis is a result of collaborative work in which I took a lead as the
first author. Therefore, throughout this document “we” is used when referring to collaborative work, and
“I” to describe decisions I made in my design process and practice, personal reflections and conclusions
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Figure 1.1: Solar: a visual feedback is provided through a color-changing element

1.1.1 Thesis Focus #1:
Design and evaluation of non-instrumental VR built upon first-
person practices of accessing inner self through breath-based inter-
action

Initially, Solar was built upon quantified feedback assumptions and that one’s first-person
experience of reaching meditative states can be measured and optimized. The prevalent
critique of mindfulness-based designs is that they are often instrumentalized for improving
one’s focus and attention. By optimizing “self” through the quantification of mindfulness
technologies often lack in providing a greater insight into the mechanisms of how we improve
attentional capacities and thereby reach desired “optimized selves”. The rise of mindfulness
technologies for the ‘quantified self’ (Wolf; 2010) often focus on increasing our productivity
by tightly monitoring our actions in the world and measuring performance, defeating the
purpose and the core tenets of mindfulness, that is – open, receptive presence and aware-
ness of inner and outer surrounding. This instrumentalized approach to mindfulness-based
designs has been recently challenged (Akama and Light; 2015; Zhu et al.; 2017); however,
it is present in other systems building upon various first-person practices. An increasing
interest in the HCI and design community is directed toward finding ways to improve our
access to inner body sensations, thoughts and feelings by engaging in theorizing concepts
and approaches from a variety of first-person practices.

The focus of this thesis is on research and design of non-instrumentalized VR drawing
from first-person practices for eliciting breath-awareness. We accomplish this by exploring
how can we use the breath as design material in order to design for unfolding experience
through breath-based interaction. This thesis builds upon knowledge of practices and inter-
active systems that utilize breath to direct participants awareness to their inner-self (sensa-
tions, thoughts, feelings). This includes mindfulness-based design (Akama et al.; 2017; Zhu
et al.; 2017), somaesthetics (Shusterman; 2008; Höök et al.; 2016), and soma design (Höök;
2018; Núñez-Pacheco and Loke; 2015; Núñez Pacheco; 2015). This strategy opens a new
design space for non-instrumental designs applying first-person practices that access inner
self. By using data collected from the bodies (via body interfaces and wearable technology)
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we can avoid information overload in users (Calvo and Peters; 2014, p. 76) by designing
technologies “as experiences” (Wright and McCarthy; 2010). By minimizing distractions
and bringing focus on the self, we can move toward improving how we use personal data
of our bodies (such as breathing) to improve the quality of our interactions and quality of
life (Calvo and Peters; 2014, p. 76). By moving away from designing interfaces to design-
ing meaningful experiences, we can help one embrace new ways to attend to self in a less
prescriptive way that leads to discovery and re-learning, with the ultimate goal of designing
experiences as a gateway to presence and well-being.

1.1.2 Thesis Focus #2:
Unfolding experiences in VR through micro-phenomenology

Early in our work on the design and evaluation of immersive VR systems for eliciting breath
awareness, the question of how to evaluate the experiential accounts became crucial to un-
derstanding the potential impact these environments had on participants. In an attempt to
capture the richness and complexity of user experiences arising in interaction with the im-
mersive VR systems for the reflective first-person practice of attending to breath presented
in this thesis, I pursued training in micro-phenomenology interviews and analysis method
(Petitmengin et al.; 2019; Micro-phenomenology; 2020; Prpa, Fdili-Alaoui, Schiphorst and
Pasquier; 2020; Valenzuela-Moguillansky and Vásquez-Rosati; 2019) and have been actively
applying the micro-phenomenology method for evaluation of the immersive VR systems we
designed in the past 3 years (see Chapters 5, 6, 7). Therefore, the second focus of this thesis
concerns the use of micro-phenomenology for the research and evaluation of the design of
immersive VR for eliciting breath awareness in the context of HCI and design. However,
while throughout thesis we demonstrate how we used micro-phenomenology interviews and
the analysis, we acknowledge that with this work we just made a dent in a rich research
space. In this endeavor, we are at the very beginning of understanding the full potential
of applying micro-phenomenology in the context of HCI and design and its promise for
future work.

1.2 Research Questions

Through research-creation process3, we contribute to the design and evaluation of VR ap-
plications that support and elicit breath awareness and breathing regulation. Tackling this
design space necessitates a deeper understanding and disambiguation of how theoretical
frameworks and their epistemological commitments shape not only interactive systems that
support breath awareness, but also our experiences, and define the scope of what is valued
and therefore evaluated in these systems. Our focus on designing experiences rather inter-

3see Chapter 8 for more details on the research-creation process
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faces necessitates consideration of methodologies that support a great range of experiences
and rich explication of experiential qualities that arise from the interaction. We contribute
to this design space by exploring the questions outlined below.

The first research question is: How can we design immersive virtual reality to
make breath perceptually accessible and support breath awareness and breath-
ing regulation? (RQ1). We approach answering RQ 1 by a closer investigation of two
sub-questions that limit the research scope to the review of interactive systems that utilize
breath as design material to understand:

• RQ 1.1. How is “extended inner self” accomplished by using breath as a
design material across differing theoretical frameworks that these systems
build upon?

• RQ 1.2. What are the principles and resulting interaction strategies across
differing theoretical frameworks of VR applications that support breath
awareness and regulation? (RQ 1.2.).

The second research question (RQ 2) asks, Do immersive virtual environments
support eliciting breath awareness and regulation, and if so, how?. This question
was explored through two sub-questions:

• RQ 2.1. What is the mechanism of eliciting breath awareness that leads
to breath regulation in Pulse Breath Water, an immersive virtual environ-
ment?

• RQ 2.2. What is the structure of the experience of eliciting breath aware-
ness and regulation in immersive virtual environments (iVE)4?

The third research question (RQ 3) – How can we use micro-phenomenology to
access the experience with iVE?– contributes to the methods for evaluation of iVE.
In particular, it is concerned with the application of micro-phenomenology to unfolding
experiences in VR.

1.3 Thesis Contribution

In this thesis, we make two kinds of contributions to HCI. The first contribution is research-
creation in the domain of designing and evaluating VR systems that support and elicit
breath awareness (Thesis Focus #1). The second contribution is to the methodological
discourse in HCI by unveiling the specifics of the micro-phenomenological method and its
application in designing and evaluating VR experiences (Thesis Focus #2).

4immersive VE and immersive VR are used interchangeably
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In this thesis we first present contributions to Thesis Focus #1: Design and evalua-
tion of non-instrumental VR built upon first-person practices of accessing inner self through
breath-based interaction. We extend the design space of interactive systems that use breath
as design material and perceptually extend breath awareness, with a focus on immersive
VR systems. To that end, this thesis contributes:

1. the analysis of how underlying theoretical frameworks (mindfulness, somatics, breath-
ing regulation, and social connection through breath) of 31 analyzed systems shape
the systems’ design and their evaluation (the scope of what is valued and therefore
evaluated withing the framework). Through a literature and systems review design
features that support the perceptual extension of breath are extracted (Chapter 2).
This analysis expands in Chapter 3 with a particular focus on VR systems.

2. the design and iteration of two VR systems: Pulse Breath Water and Respire. We
describe the initial design of Pulse Breath Water system (Pulse Breath Water.01 ) in
Chapter 4 and the second iteration of the Pulse Breath Water system (Pulse Breath
Water.02 ) in Chapter 6. Respire is described in Chapter 8.

3. the evaluation of the Pulse Breath Water system that unfolded the mechanism of how
that VR system elicited breath awareness in participants (Chapters 6, 7);

4. the public exhibitions of Pulse Breath Water and Respire as outlined in Chapter 8.

Thesis Focus #2 is concerned with the methodology and methods for unfolding user
experiences with immersive VR for eliciting breath-awareness. Regarding Thesis Focus #2,
we make following contributions to the HCI’s methodology discourse:

1. a deeper understanding of the values, potentials and also limitations of micro- phe-
nomenology method for unfolding finely grained descriptions of experiential content
in the context of HCI and design applications, and from the perspective of HCI re-
searchers that use the method (Chapter 5);

2. the demonstration of robustness and potential of micro-phenomenological analysis as
an exemplary method to yield not only finely-grained descriptions of the experience
but its very structure. We conduct this analysis on the transcript data collected in the
study presented in Chapter 5. We compared the results of the micro-phenomenology
analysis to the thematic analysis of the same transcripts and discussed the findings in
Chapter 7;

3. the discussion of potentials for future research and applications of micro-phenomenology
in HCI and design (Chapter 9).
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1.4 Structure of the Thesis

1.4.1 Organization of the Thesis

Here we include Table 1.3 for readers to use to navigate the thesis. In Table 1.3 we provide
the structure of the thesis, chapter by chapter, with research questions and their contribu-
tions and how they relate to the publications in the thesis.

1.4.2 Chapters Outline

Chapter 1: General Introduction
In this chapter, I provide the general introduction to the thesis, by positioning this research
in the HCI and design field. I introduce the main topic through a brief discussion of two
foci of this thesis, which is followed by the introduction to the research questions and their
contributions. Further, in this chapter, I outline the rest of the thesis’ chapters with the
aim that Chapter 1 can be used for navigating the rest of the thesis and grasping the main
thread that binds separate chapters in the thesis narrative.

Chapter 2: Extending Breath Awareness through Design of Interactive Systems
Our current technological landscape embraces a large body of systems drawing from many
contemplative and reflective traditions that cultivate a self-awareness practice by attending
to breath. This chapter seeks to deepen our understanding of the design space of systems
that draw upon these practices and their epistemologies to perceptually extend breath
awareness. To that end, this chapter presents the review and analysis of thirty-one breath-
based interactive systems and their theoretical frameworks.

Contribution to RQs: This chapter contributes to RQ 1.1 (see Section 1.2) by outlining
how the four identified underlying theoretical frameworks (mindfulness, somatics, breath-
ing regulation, and multi-user systems) shape the system design and its evaluation. We also
present how design strategies and system design features are implemented to support a per-
ceptual extension of breath awareness. Further, this chapter provides a reflection upon this
design space from both a theoretical and system design perspective, and proposes future
design directions for developing systems that “listen to” breath and perceptually extend it.

This Chapter presents the content of the paper published by:
Prpa, Mirjana, Stepanova Ekaterina, Schiphorst Thecla, Riecke Bernhard, & Pasquier Philippe
(2020). Inhaling and Exhaling: How Technologies Can Perceptually Extend our Breath
Awareness. In Proceedings of the 2020 CHI Conference on Human Factors in Comput-
ing Systems, ACM, CHI’20(pp. 1-15).
Note about the authorship: Mirjana Prpa lead this research and work on the published paper
including conducting an initial literature and system search, writing a first draft, creating
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the figures and revising the camera ready.

Chapter 3: Extending Breath awareness in Virtual Reality
This chapter expands on Chapter 2 by focusing on a subset of the systems analyzed in
Chapter 2. Here we turn our focus to eight immersive Virtual Reality systems – initially
analyzed as a part of thirty-one systems in Chapter 2 – by outlining how designing for
eliciting breath awareness was accomplished in immersive Virtual Reality systems.

Contribution to RQs: This chapter contributes to RQ 1.2 (see Section 1.2) by outlining
how the four identified underlying theoretical frameworks (mindfulness, somatics, breath-
ing regulation, and multi-user systems) shape the VR system design and its evaluation. We
also present how design strategies and system design features are implemented to support
a perceptual extension of breath awareness in VR.

The data used in this chapter is extracted from research published in:
Prpa, Mirjana, Stepanova Ekaterina, Schiphorst Thecla, Riecke Bernhard, & Pasquier,
Philippe (2020). Inhaling and Exhaling: How Technologies Can Perceptually Extend our
Breath Awareness. In Proceedings of the 2020 CHI Conference on Human Factors in Com-
puting Systems (pp. 1-15).
Note about the authorship: Mirjana Prpa lead this research and work on the published paper
including conducting an initial literature and system search, writing a first draft, creating
the figures and revising the camera ready.

Chapter 4: Designing for breath-based interaction in iVR: Pulse Breath Water
This chapter presents the design of the first iteration of Pulse Breath Water system. The
description of the system is published in the paper The Pulse Breath Water System: Explor-
ing Breathing as an Embodied Interaction for Enhancing the Affective Potential of Virtual
Reality that is included in this chapter. While the study presented in the paper investigated
affective properties of Pulse Breath Water and breath-based interaction that are not central
to this thesis, this chapter is included for it provides motivations and design behind the first
iteration of Pulse Breath Water. For that matter the most relevant sections for the reader
are: Sections 4.3 and 4.4.

Contribution to RQs: This chapter contributes to RQ 2.1 by outlining a system design
that was used in the study in Chapter 6.

This Chapter presents the content of the paper published by:
Prpa, Mirjana, Kıvanç Tatar, Bernhard E. Riecke, and Philippe Pasquier.“The Pulse Breath
Water System: Exploring Breathing as an Embodied Interaction for Enhancing the Affective
Potential of Virtual Reality.” In Virtual, Augmented and Mixed Reality, edited by Stephanie
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Lackey and Jessie Chen, 153–72. Lecture Notes in Computer Science. Springer International
Publishing, HCII 2017.

Note about the authorship: Mirjana Prpa designed the VR environment and interaction
of Pulse Breath Water ; Kivanc Tatar collected the audio corpus and designed the AI-based
agent system that selects audio samples from the corpus.

Chapter 5: Articulating Experience – Reflections from Experts Applying Micro-
Phenomenology to Design Research in HCI
The complex and always-changing technological landscape poses challenges within HCI
and design to articulating the nuances, complexity, and diversity of a user’s experience
beyond surface descriptions. One qualitative method —- micro-phenomenology -— has been
used in HCI/Design research since 2001. This chapter introduces the micro-phenomenology
interview method for unfolding fine-grained descriptions of user experience, and illustrates
findings collected in interviews with five selected experts. The findings reveal how these
experts have applied micro-phenomenology by developing a practice, and present conditions
under which the descriptions of the experience unfold, and the values that this method can
provide to the HCI/Design field.

Contribution to RQs: This chapter contributes to partially answering RQ 3 (see Section
1.2) by outlining a systematic understanding of micro-phenomenology from the perspective
of five HCI/Design researchers who actively use it in design contexts. It highlights the value
of micro-phenomenology in articulating the experience of designers and participants, devel-
oping vocabulary for multi-sensory experiences, and unfolding embodied tacit knowledge
all applicable to the design and evaluation of iVR.

This chapter presents the content of the paper published by:
Prpa, Mirjana, Fdili-Alaoui Sarah, Schiphorst Thecla, & Pasquier Philippe (2020). Ar-
ticulating Experience: Reflections from Experts Applying Micro-Phenomenology to Design
Research in HCI. Proceedings of the ACM CHI Conference on Human Factors in Computing
Systems, ACM, CHI’20.

Note about the authorship: Mirjana Prpa lead this research and work on the published
paper including contacting the interviewees, conducting interviews, writing a first draft, and
revising and submitting the camera ready.

Chapter 6: Attending to Breath – Exploring How the Cues in a Virtual Envi-
ronment Guide the Attention to Breath and Shape the Quality of Experience
to Support Mindfulness
First-person practices such as focused-attention meditation, in which breathing often con-
stitutes the primary object on which to focus attention – have gained interest from the HCI
and design community for its proven benefits to well-being. In this context, sustained breath
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awareness plays a crucial role in the emergence of the meditation experience. This chapter
presents the study we conducted to evaluate the potential of the design of immersive VR
– PBW – to elicit breath awareness and support mindfulness. Here we present the second
iteration of the Pulse Breath Water system that builds upon the initial Pulse Breath Water
design (see Section 6.4). We also present qualitative findings from micro-phenomenology in-
terviews, and quantitative analysis of the breathing data that shows how the data changed
with the decrease of the cues in the VR.

Contribution to RQs: This chapter contributes to answering RQ 2.1 (see Section 1.2) by
outlining the findings from micro-phenomenology interviews that reveal the mechanisms by
which audio and visual cues in VR can elicit and foster breath-awareness. Also, we identified
the nuances of this process through the subjective experiences of the study participants.
Finally, we present the quantitative analysis of breathing data that shows how breathing in
participants changes based on the salience of the cues in the VR. These findings contribute
to answering RQ 2.1, highlighting the critical role that a sense of agency and control have
in shaping the overall quality of the experience.

This Chapter presents the content of the paper published by:
Prpa, Mirjana, Tatar Kivanc, Françoise Jules, Riecke Bernhard, Schiphorst Thecla, &
Pasquier Philippe (2018). Attending to breath: Exploring how the cues in a virtual envi-
ronment guide the attention to breath and shape the quality of experience to support mind-
fulness. In Proceedings of the 2018 Designing Interactive Systems Conference (pp. 71-84),
ACM, DIS’18.

Note about the authorship: Mirjana Prpa lead this research and work on the published
paper including developing the virtual environment, recruiting participants, writing ethics
application, conducting interviews, writing a first draft, and revising and submitting the
camera ready.

Chapter 7: Micro-phenomenological analysis and the structure of experiences
in VR for eliciting breath awareness
The micro-phenomenology analysis method allows a researcher to unfold participants’ ex-
periences by capturing descriptions and “generic” structures of the experience from lived,
subjective accounts of the experience (Petitmengin et al.; 2019) that can guide researchers in
creating a hypothesis about the researched phenomena. Identifying the “generic” structure
of the experience has “important epistemological consequence: it allows the reproducibility
of analysis results” (Petitmengin et al.; 2019, p. 11) and forming a hypothesis about the
structure of the experience for further empirical study. This chapter introduces the micro-
phenomenology analysis method and illustrates the method through a detailed procedure
of analyzing two transcripts from the study presented in Chapter 6.
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Contribution to RQs: This chapter contributes to answering RQ 2.2 & RQ 3 by present-
ing the results of the analysis in the form of a generic structure of the experience. Further,
we provide the comparison of micro-phenomenology analysis results to the results of the-
matic analysis described in Chapter 6 and conclude the chapter with a general discussion
of the micro-phenomenology analysis method.

Chapter 8: Outside the lab, and in the wild: development of Pulse Breath Water
and Respire through Research-Creation and Exhibitions
The development of Pulse Breath Water and Respire was an iterative process that encom-
passed initial input from the designer, and learning from participants in the lab-based work
as much as learning through dissemination to the broader audiences at the exhibitions. This
chapter tackles this process, also known as research-creation, by describing the genesis of
Pulse Breath Water and Respire. Further, we provide a list of the exhibitions in which Pulse
Breath Water and Respire were shown.

Chapter 9: Discussion, Future Work and Conclusion In this final chapter I revisit
two thesis foci through discussion of lessons learned and future directions for this research.

1.4.3 Appendix Outline

Appendix A
This appendix presents the SFU-SIAT’s guidelines regarding a cumulative thesis format.
Appendix B
This appendix presents the publication: Kitson, Alexandra, Prpa Mirjana, & Riecke Bern-
hard (2018). Immersive Interactive Technologies for Positive Change: A Scoping Review
and Design Considerations. Frontiers in Psychology, 9, 1354.
Relation to the Thesis: This paper offers a background that positions work presented in this
thesis in the context of design of technology for well-being and self-regulation.
Note about the authorship: Mirjana Prpa contributed to the conception and planning of
the scoping review and supported AK in formulating the inclusion/exclusion criteria and
identifying articles relevant to the topic and contributed to manuscript revision.
Appendix C
This appendix presents the publication: Prpa, Mirjana, Cochrane Karen, & Riecke Bern-
hard (2016). Hacking Alternatives in 21st Century: Designing a Bio-Responsive Virtual
Environment for Stress Reduction. In S. Serino, A. Matic, D. Giakoumis, G. Lopez, & P.
Cipresso (Eds.), Pervasive Computing Paradigms for Mental Health (pp. 34–39). Springer
International Publishing.
Relation to the Thesis: This short paper is referred to in Chapter 1 as it provides the de-
scription of Solar, a desktop-based VR system that we developed in 2015 and that served
as a starting point for this thesis.
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Note about the authorship: Mirjana Prpa designed the VR system, conducted the study,
wrote the first draft and revised the paper for cam-ready.
Appendix D
This appendix presents the publication: Tatar, Kivanc, Prpa Mirjana, & Pasquier Philippe
(2019). Respire: Virtual Reality Art with Musical Agent Guided by Respiratory Interaction.
Leonardo Music Journal, 29.
Relation to the Thesis: In this paper we describe the audio component of Pulse Breath
Water system and the reader is directed to this paper in Chapters 4 & 6.
Note about the authorship: Mirjana Prpa designed the VR system, and assisted KT in the
process of writing the paper.
Appendix E
This appendix presents screenshots from the video describing Respire. The video can be
accessed via: https://vimeo.com/368110108
Relation to the Thesis: This appendix provides additional information about the Respire
system design that is presented in Chapter 8.
Appendices: F,G,H,I
These appendices present supplementary material for Chapter 7.

1.4.4 How to read this thesis

The cumulative format of this thesis presents published and yet to be published work
(see Appendix A regarding a cumulative thesis format). My attempt is to build a narrative
while allowing the reader to selectively navigate through RQs and contributions by using
Section 1.4 as a guide. For example, readers interested in literature review and background
work will find that information in Chapters 2 and 3. Readers interested in the design of our
VR systems can find the system documentation in Chapters 4, 6, and 8. For those interested
in evaluation of the systems, Chapters 6 and 7 will be most relevant. Similarly, Chapters
5 and 7 are for those interested in micro-phenomenology interview and analysis method.
Chapter 8 presents the insights into the evolution of the systems through research and
creation process, and provides readers with a list of the exhibitions where the systems have
been presented to a wider audience outside of the lab. Last, content provided in the appendix
serves two purposes: first, published papers that are included in Chapters are added in the
appendices in the proceedings format as readers may find such a format easier to read.
Second, appendices contain a few papers that are not central to the thesis but provide
context and I refer to them in the chapters. As such, these papers contain relevant sections
we point the reader to, but reading them in their entirety is not crucial for this thesis.
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Chapter 2

Inhaling and Exhaling Part 1: How
Technologies Can Perceptually
Extend our Breath Awareness

In this chapter, we seek to deepen our understanding of the historical and present context of
technological systems that draw upon practices that cultivate self-awareness by attending
to breath. We acknowledge the values emphasized in different epistemologies of research
and design practice. We also highlight the role of theoretical frameworks and their ideologi-
cal assumptions and biases in the design considerations and towards more conscious design
practice. Our efforts are presented as the review and analysis of thirty-one breath-based
interactive systems and contribute to answering RQ 1.1: How is “extended inner self”
accomplished by using the breath as a design material across differing theo-
retical frameworks that these systems build upon? (see Section 1.2). Our inquiry
is two-fold: first, we explore interactive systems that perceptually extend breath aware-
ness by untangling their theoretical frameworks and epistemologies; Second, we present
how design strategies and system design features in each theoretical framework are imple-
mented to highlight the values of the framework and also support a perceptual extension of
breath awareness.
This Chapter presents the content of the paper published by Prpa et al. (2020) with the
addition of Table 2.1

Prpa, Mirjana, Stepanova Ekaterina, Schiphorst Thecla, Riecke Bernhard, & Pasquier
Philippe (2020). Inhaling and Exhaling: How Technologies Can Perceptually Extend our
Breath Awareness. In Proceedings of the 2020 CHI Conference on Human Factors in Com-
puting Systems, ACM, CHI’20 (pp. 1-15).
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2.1 Abstract

Attending to breath is a self-awareness practice that exists within many contemplative and
reflective traditions and is recognized for its benefits to well-being. Our current technological
landscape embraces a large body of systems that utilize breath data in order to foster self-
awareness. This chapter seeks to deepen our understanding of the design space of systems
that perceptually extend breath awareness. Our contribution is twofold: (1) our analysis re-
veals how the underlying theoretical frameworks shape the system design and its evaluation,
and (2) how system design features support perceptual extension of breath awareness. We
review and critically analyze 31 breath-based interactive systems. We identify 4 theoretical
frameworks and 3 design strategies for interactive systems that perceptually extend breath
awareness. We reflect upon this design space from both a theoretical and system design
perspective, and propose future design directions for developing systems that “listen to”
breath and perceptually extend it.

2.2 Introduction

An increasing affinity towards digital technologies, from the systems that connect us to each
other, to the systems that augment our homes and workplaces, to wearable technologies,
made all aspects of our lives to some extent governed by technology. Such context gave rise
to our current economy that captures our attention and feeds off our ability to surrender
our attention to outwards (Davenport and Beck; 2001), to experiences that take our breath
away, interfaces that make us lose breath during exercises, or artifacts that make us hold
our breath in anticipation and excitement. Yet, breath – felt but also an intangible aspect
of the inner body (comprised of feelings, thoughts, and sensations), acts as a fine thread
between our subjective experience and digital technologies that mediate our experiences. By
accessing the inner body we become aware of invisible processes that shape our experience
and that are essential to well-being (Farb et al.; 2015). In moments of upset, a balance can
be achieved by directing our attention to take a deep breath and turn our gaze inwards to
our inner body, a process often followed by a sigh of relief.

This act of becoming aware (Depraz et al.; 2000) of our experience in which we regain
attention and direct it inwards to breath as an interface to listening to inner, subjective
body (Núñez Pacheco; 2015) immediately changes the quality of the experience. In the
long term, the act of paying attention to the inner body (as in various meditation prac-
tices) leads to feeling of balance, well-being and self-discovery (Ospina; 2007). Directing
attention inwards requires our awareness to learn to recognize the cues and immediacy for
when to shift gaze inwards, be that noticing fast escaping breaths or the feelings of being
overwhelmed. Yet, not everyone can easily become aware of their inner body or sustain
that awareness. While the quantified-self movement (Meyer et al.; 2014) provides means to
gather insights about how our objective, measured bodies are doing (e.g., is my breathing
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too fast for someone my age?), this information may become disembodied and turn into
yet another distraction. In our technology-saturated lives, technology often demands that
we turn our attention outwards, to the external measures and objectified bodies. How then
could technology instead help us sustain our attention inwards so that we don’t lose our
ability to discover the richness of our inner-self by attending to breath?

While the complexity of the present technological landscape may introduce challenges
to how and where we pay attention, if utilized rather than ignored, these complexities
open a rich design space for the exploration of how to guide one’s attention inwards, and
noticing of our inner body. With a rise in the number of systems that employ breathing
in the interaction and that are embedded in various contexts of use, Patibanda et al.
(2016) proposed a taxonomy of breath-based interaction in games context. Beyond game
design, we are interested in an overall understanding of different means and approaches
that these systems employ to extend breath so that it becomes more perceptually available
to our attention. Moreover, we are interested in interactive systems that “listen” to breath
(capture breathing data of objective body) and establish immediacy of interaction (Höök;
2018) to elicit breath and body awareness. Höök defines this interaction as “the immediate
and synchronized feedback rhymes with the rhythms and flows of the body in such a way
that the interactive system is perceived more like an extension of the body than as a separate
entity or communication counterpart”(Höök; 2018, p.106). To that end and towards our long
term endeavor, we are interested in perceptually extending breath through an artifact that
becomes part of our body schema, “a system of sensory-motor capabilities that function,
usually without awareness or the necessity of perceptual monitoring” (Iscen et al.; 2014,
p.556). According to 4E (embodied, embedded, extended and enacted) cognition theories
we can extend our body schema through action-perception coupling (Varela et al.; 2017;
Noë; 2004). For instance, a person with vision impairments can incorporate their cane into
their body schema because they use it to interact with the world. Here, our overarching
question is: how can we utilize features of digital technologies that employ breath in such a
way that features of the technology may be perceived as an extension of our body schema
for knowing (and regulating) ourselves through breath-based interaction and by eliciting
breath-awareness? To answer this question we perform a scoping review of the interactive
systems that employ breath in interaction.

2.3 Objectives and Research Questions

In this review, we systematically analyzed publications of breath-based interactive systems.
From the analyzed publications we extracted: 1. theoretical frameworks on which the re-
search motivation and system design were based; and 2. system characteristics, including
characteristics of collecting and perceptually extending breath data, attention-interaction
modalities, and system features. The motivation for tackling theoretical frameworks of the
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systems comes from an observation that different frameworks have different value systems,
resulting in different features that are privileged and others absent. By comparing these
different epistemologies of research and design practice and the values they emphasize, we
can gain a deeper understanding of the historical and present context of technological sys-
tems that we are designing for. Each framework embeds ideological assumptions and biases.
By explicitly stating them and bringing awareness to this larger landscape of theoretical
frameworks, their values and epistemological background, we can critically assess how we
as designers choose to honor and engage with these different traditions through more
conscious design practice. To assess the current state of the research in the interactive
systems that perceptually extend breath, this scoping literature/system review will address
two research questions:

• RQ1: What is the theoretical framing, aim and motivation of the systems that per-
ceptually extend breath?

• RQ2: How is breath perceptually extended and what are the characteristics of the
breath-based interactive systems that extend our breath awareness?

2.4 Method: Scoping Review Protocol

We undertook a scoping review protocol (Levac et al.; 2010; Arksey and O’Malley; 2005).
The characteristics of a scoping review protocol are: it is an explorative process encompass-
ing broad research questions, inclusion/exclusion can be developed post hoc, and synthesis
is more qualitative and typically not quantitative (Armstrong et al.; 2011). Following the
scoping guidelines, we undertook these steps:

1. Identified the research questions;
2. Identified relevant articles describing the systems;
3. Selected systems based on the selection criteria;
4. Coded and charted the data;
5. Collated, summarized, and reported results.

2.4.1 Identifying Relevant Studies

We performed an extensive search of the literature with a particular focus on HCI and
interactive system design, using the ACM Digital Library, Design and Applied Arts In-
dex (DAAI), IEEE Xplore (IEEE/IET Electronic Library) and Google Scholar. We used
keywords related to breath, respiration, biofeedback, and interactive systems.

2.4.2 Study Selection

In the first stage of the scoping review, we identified 52 peer-reviewed articles and disser-
tations that were published before June 2019. The inclusion criteria was that the articles
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were: written in English, contained sufficient and clear detail describing the system, focus on
designing interactive systems/artifacts for breath awareness or regulation or breath-based
interaction, and that the systems described collect user’s breathing data and employ it in
interaction design. In the second stage, we excluded 21 systems that either 1) do not collect
user’s breathing data, or 2) collect user’s breathing data but do not employ it in interaction
design. Finally, we proceeded to analyze 31 systems that satisfied the inclusion criteria (see
Table 2.1).

2.4.3 Coding and Charting the Data

The resulting 31 articles are coded following both an inductive and deductive coding ap-
proach in nVivo 12 qualitative data analysis software (Richards; 1999). Deductive cate-
gories included a pre-set coding scheme that yielded 14 codes divided into the following
categories: 1. meta data: full reference, the system’s name, technology used (features); 2.
theoretical framework: framework and the system’s aim; 3. input: respiratory sensor type,
respiratory parameters; 4. interaction: mapping of breath, content in direct relation to
breath (mapped to breath or cues for breath to follow), interaction-attention paradigms; 5.
output: onset time, stimulus rate, response salience; 6. interactive strategies: strategies ad-
dressing how breath is perceptually extended or accommodated through design of a system.
Simultaneously to coding in nVivo12, all data was charted in a concept matrix (see http://

metacreation.net/members/mirjana-prpa/breath-based-interactive-systems/). The
inductive codes emerged in parallel with the process of deductive coding. The coding scheme
was discussed by the authors. The first author coded 80% of the articles, while the second
author reviewed the codes and coded the rest.

2.4.4 Collating, Summarizing and Reporting Data

We utilized two analysis mechanisms within nVivo 12 for each of the publications. First, the
analysis of each system’s background work and references enabled us to gain insights into
identifying four theoretical frameworks and grouping them under the 1st meta-category –
the Theoretical Framework. Second, the iterative process of analyzing all groups of individual
codes yielded the 2nd meta-category – How breath is perceptually extending in Interactive
Systems – encompassing three design strategies:

1. Design approaches to perceptually extending breath;
2. Modalities in guiding attention to breath;
3. Design features of the systems: breath parameters.

2.5 Theoretical Framing of Attending to Breath

In reviewing the thirty-one systems, we observed similarities in what these systems aimed to
achieve and how they were informed by the theoretical framing of the systems. By analyzing
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# in
Figure
2.1

System Name Reference

1 VRT Abushakra and Faezipour (2014)
6 — Aslan et al. (2016)
10 — Bumatay and Seo (2017)
17 OSMOSE Davies (1998)
20 Jel Desnoyers-Stewart et al. (2019)
21 Breathe with the ocean Dijk and Weffers (2011)
24 Breeze Frey et al. (2018)
25 BrightBeat Ghandeharioun and Picard (2017)
26 Sonic respiration Harris et al. (2014)
36 BreathingFrame Kim et al. (2015)
49 ExoPranayama Moran et al. (2016)
50 BreathTray Moraveji et al. (2012)
51 Bounce Feedback Moraveji et al. (2011)
59 Chill-Out Parnandi et al. (2013)
61 Life Tree Patibanda et al. (2017)
63 — Pisa et al. (2017)
64 Solar Prpa et al. (2015)
65 Pulse Breath Water Prpa et al. (2018)
69 Inner Garden Roo et al. (2016)
70 exhale Schiphorst (2006)
71 Breathe Deep Shamekhi and Bickmore (2018)
72 The Meditation Chamber Shaw et al. (2007)
74 The Breathing Room Sjöman et al. (2018)
77 ChillFish Sonne and Jensen (2016)
78 UWE Soyka et al. (2016)
79 Breathing Light Ståhl et al. (2016)
80 Breathing Sofa Sun and Tomimatsu (2017)
87 DEEP van Rooij et al. (2016)
92 Sonic Cradle Vidyarthi et al. (2012)
94 Breathwear Wongsuphasawat et al. (2012)

Table 2.1: 31 analyzed systems: # in Figure 2.1, System name, and Reference. — is used
for when the name of the system is not provided

22



background work and references in these articles, we identified four categories of theoretical
frameworks (TF): 1. breathing regulation – TF1-regulation (14 systems), 2. mindfulness –
TF2-mindfulness (8 systems), 3. soma design and somaesthetics – TF3-soma (3 systems*),
and 4. social connection through breath – TF4-social (6 systems*)1. We examine each of
these theoretical frameworks below in order to answer RQ1: What is the theoretical framing
and its values, and how those translate into the aim, and motivation of the systems that
perceptually extend breath?

2.5.1 TF1-regulation: Systems for Breathing Regulation

In the medical literature, breathing is defined in physiological terms as an involuntary func-
tion of the autonomic nervous system that can be voluntarily controlled through activation
of the somatic nervous system. This literature demonstrates the benefits of voluntary reg-
ulation of breathing: engaging in slow, deep breathing triggers a physiological response
that the TF1-regulation framework builds upon. We identified the two most dominating
paradigms within this framework: the first paradigm is that reducing the breathing rate
to 6 breaths per minute leads to improved cardiovascular health (Vaschillo et al.; 2006;
Peng et al.; 2004; McCraty and Tomasino; 2004) and alleviated stress (Jerath et al.; 2006;
Varvogli and Darviri; 2011; Clark and Hirschman; 1990). The second paradigm is that by
slowing breathing rate below the resting rate of 12-16 breaths per minute the physiological
indicators of stress can be down-regulated (Clark and Hirschman; 1990; Song and Lehrer;
2003).

Regarding HCI and systems for breathing regulation, the same paradigms are present.
While regulation of breathing rate through technology use implies regulation of physiology
in the first place, it also leads to a change of experiential qualities associated with the
elicited states (stress-relief, anxiety reduction, etc.). However, the emphasis of the systems
for breathing regulation is on the objective, quantifiable outcomes of the interaction with
the system. The knowledge in the field is created by evaluating the system’s capacity to
induce a change in breathing rate, which then elicits changes to the physiology, leading to
improved health outcomes. However, we find that experiential considerations are rarely ever
discussed regarding the systems for breathing regulation and not commonly embraced as a
valid knowledge that guides the design of these systems.

Analysis: We identified 14 systems that we grouped under the TF1-regulation frame-
work. All systems promise to improve health in the user interacting with the system. Eleven
out of fourteen systems are built to decrease the breathing rate of the user. One system
trains users in pursed-lip breathing (Patibanda et al.; 2017), a particular technique for deep
breathing with positive health outcomes, and the other two systems help a user sustain

1* two systems belong to 2 theoretical categories: TF3-soma and TF4-social, and TF3-soma and TF2-
mindfulness
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the awareness of the workings of their lungs (Abushakra and Faezipour; 2014; Bingham
et al.; 2010) in order to improve their lung capacity. Overall, the main motivation for sys-
tems in this framework is to combat stress (10 research papers justify building a system
for breathing regulation to decrease stress-related health consequences), or to provide a
relaxing experience (2 systems by: Dijk and Weffers (2011); van Rooij et al. (2016)).

2.5.2 TF2-mindfulness: Mindfulness of Breath and Self-regulation of At-
tention

The relationship between breath and attention has a long history within Eastern traditions
of developing insight through a deliberate attending to the inner body. Attending to the
inner body by listening and noticing breath as a primary object of attention has been
practiced as Focused-Attention Meditation (FAM) (Lutz et al.; 2008; Vago and Silbersweig;
2012). The purpose of attending to breath in FAM is to stabilize one’s attention and tame
the busy mind while developing an awareness of sensations that arise with each breath.
The inner body becomes the site of research (Schiphorst; 2009) and a source of first-person
knowledge. Often, FAM is then followed by the practice of open monitoring (Lutz et al.;
2008) of sensations, thoughts, and any feelings that occur at the moment as well as the
sensations originating outside of the body, in the immediate environment. By engaging with
these two practices, one is learning “through the experience of self” (Schiphorst; 2009) and
a first-person knowledge gathering that emphasizes the values of subjectivity in discovering
about the inner self and self in relation to the world. Also, this knowledge is grounded in the
person’s capacities for developing sustained attention and reaching the state of mindfulness
defined as “the clear and single-minded awareness of what actually happens to us and in
us, at the successive moments of perception” (Thera; 1968, p.5).

While the understanding of mindfulness in the East relates to a comprehension of the
greater body of Buddhist philosophy, which is taught and practiced as a way of alleviating
personal suffering (Thera; 2005), mindfulness meditation in the West has also included a
path that acknowledged a secular perspective that defined mindfulness as “a form of mental
training to reduce cognitive vulnerability to reactive modes of mind that might otherwise
heighten stress and emotional distress or that may otherwise perpetuate psychopathol-
ogy” (Bishop et al.; 2004, p.231). This particular interest in mindfulness meditation practice
as mental training for combating physical and psychological illnesses arose in the early ’80s
through the work of John Kabat-Zinn on Mindfulness Based Stress Reduction programs
(MBSR) (Kabat-Zinn; 1982), that contextualized mindfulness practices within clinical in-
terventions and management of stress and chronic pain (Bishop et al.; 2004). MBSR guided
breath-meditation supports a practitioner in a mental training of sustaining attention on
the breath through noticing bodily sensations as they arise with each breath moment-to-
moment (MBSR; n.d).
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Analysis: We observed the influence of Kabat-Zinn’s mindfulness framing in the HCI
literature: out of eight TF2-mindfulness articles we reviewed, six articles cite Kabat-Zinn.
Our findings are congruent to the findings of Terzimehić et al. (2019) who analyzed mind-
fulness research in HCI and similarly found that the majority of the articles on HCI and
mindfulness cite MBSR and Kabat-Zinn. As a motivation for designing the TF2-mindfulness
system, six articles mention stress reduction as the main motivation, while the other two
discuss overall improvements in cognition and well-being. Further, we observed that all
TF2-mindfulness articles we reviewed focus on mental training of attention by supporting
a sustained breath awareness, either by supporting breath-based meditation (2 systems by:
Shamekhi and Bickmore (2018); Prpa et al. (2015)) or some aspects of it, such as sustained
breath and bodily awareness. However, while all eight articles focus on breath awareness,
only four articles (Prpa et al.; 2018; Shaw et al.; 2007; Vidyarthi et al.; 2012; Roo et al.;
2016) discuss bodily aspects of such practice. Bodily sensations discussed are either referring
to the sensation of air passing through nostrils (Shaw et al.; 2007), or to how the medium
can contribute to body awareness, in particular how immersiveness (Prpa et al.; 2018) and
tangibility (Roo et al.; 2016) of the medium used to support breath awareness can elicit
bodily sensations. Finally, while in the reviewed articles the motivation behind using the
technology is in the quantifiable outcome of the improvement of health and well-being, the
emphasis is not on regulating physiology (breathing) but on augmenting the experiential
process of “attending to self in order to act upon the self” (Schiphorst; 2009, p.53) where the
interactive system (technology) can augment some of the processes of attending to the self.

2.5.3 TF3-soma: Soma-esthetics, Experience and Design — Appreciation
of Felt Experience of Breath

Somatics is concerned with the first-person experience and knowledge of felt and tacit bodily
processes, out of which regulation happens (Johnson; 1995). Interest in somatics arose in the
early 20th century, through work of practitioners who focused on the implications of paying
attention to the body and body awareness for healing. Very early on, through the work of
Elsa Gindler on how to pay attention by focusing on the bodily experience of breathing and
the qualities of breath earned this practice a title of “Western meditation” (Johnson; 1995).
While breath has been a central element in early somatics, today this field encompasses a
variety of practices (e.g., Alexander, Feldenkrais) that support and guide a person in listen-
ing to quiet processes in our bodies (soma), sensing muscles, nerves, and attuning the senses
in “the selective use of awareness to isolate the unlearned function and, by association, to
learn it – that is, make it part of the conscious functioning of the sensory-motor system”
(Thomas Hanna in (Johnson; 1995, p.352)). The focus is on the soma as inseparable from
movement, cognition, perception and social contexts (Shusterman; 2008) out of which so-
maesthetic (Shusterman; 2008) qualities emerge in eliciting first-person knowledge through
the whole bodily experience.
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In HCI, the field of soma design builds upon the ideas of somaesthetics and somatics,
highlighting body-based practices for developing attentional capacities of noticing qualities
of the experiences arising from attending and cultivating awareness of body, bodily sen-
sations and movement (Schiphorst; 2009). The design practice in this field focuses on the
artifacts that can guide, aid and extend aesthetic sensibility (Höök; 2018) of our bodies. The
goal is to extend beyond merely instrumental use of the technology for achieving particular
states or outcomes and with a goal of providing means to learn how to pay attention, and
appreciate first-person somaesthetic experience that emerges in the process of attending
to our body. In the context of soma design, breathing can be seen as a bodily process
that provides a gentle stimulus and helps redirect the attention to the perception of bodily
sensations that arise with each breath. Breath is, in a sense, a portal to the first-person
experience of a whole body. Schiphorst sees the breath as “an access point to contacting
and sharing state data between bodies” (Schiphorst; 2006, p.178). While HCI and design
fields offer means to augment breath and guide user’s attention to it through biofeedback
and mirroring one’s states, Höök argues that this is not sufficient, and that the process must
encompass “learning about and changing yourself” (Höök; 2018, p.83). Any guidance from
a system must: facilitate the process of sense-making and body-awareness through subtle
guidance, make space for reflection, provide means for articulating experience and establish
an intimate correspondence between a system and the bodily sensations (Höök; 2018). A
system is seen as an extension of the body; therefore the emphasis is on the implicit inter-
action, immediacy of the response and the synchronization between the perceiver (a user)
and what is being perceived (augmented breath).

Analysis: Consistent with soma design theory, three soma design systems in our review
are built to elicit and then cultivate body and breath awareness through interaction design.
Ståhl et al. (2016) designed Breathing Light to “support a meditative bodily introspection
subtly guiding participants to turn their gaze inwards, to their own bodies” (Ståhl et al.;
2016, p.305). Similarly, Aslan et al. (2016) built a plush toy that mirrors the user’s breathing.
While the first two are single user, the third system by Schiphorst (2006) expands the
number of participants, allowing one or more to become aware of their breath through shared
interaction and intimacy. The motivation for these systems is supporting self-discovery and
curiosity for attending to breath first, then to the body as a whole. The role of breath in
soma design then is one of a “portal”: the attention is guided to breath from where it spans
to particular nuances of the experience as supported by the system features.

2.5.4 TF4-social: Systems for Shared Communication, Emotion and Hu-
man Connection via Breath

As humans, we are a social species, significantly affected by other people around us, and
continuously seeking human connection, which is crucial for supporting our physical and
mental health (Cacioppo and Patrick; 2008). Merleau-Ponty proposed the notion of inter-
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corporeality - the process through which we develop intersubjectivity by aligning the state
of our body with others (Merleau-Ponty; 2013). Intercorporeality highlights that our body
exists within and is influenced by the social context. In turn, any social interaction is al-
ways embodied: “the experience of being embodied is never a private affair, but is always
mediated by our continual interactions with other human and nonhuman bodies” (Weiss;
2013, p.5). While the role of gestures and body language in augmenting the verbal commu-
nication has a long research history and is easily observable in our day to day interactions
(Ekman and Friesen; 1969), our body may have an additional, less salient role in social
interactions. For instance, by synchronizing our movement with others it reduces self-other
dichotomy and fosters mutual understanding, connection and social relationships (Lakin
et al.; 2003; Marsh et al.; 2009; Rennung and Göritz; 2016). While movement synchroniza-
tion is the most studied in psychological literature, the physiological dimensions, including
breathing, of our bodily co-presence also synchronize (Palumbo et al.; 2017; Müller and
Lindenberger; 2011; Codrons et al.; 2014). Due to the interdependence of controlled move-
ment and breathing, breathing synchronization often occurs in collective activities such as
singing in a choir, synchronous swimming, couple dancing, rowing, yoga, etc. Breathing
synchronization is essential in an intimate mother-infant relationship (Van Puyvelde et al.;
2015) and can facilitate relationships requiring trust and empathy such as psychotherapy
(Koole and Tschacher; 2016; Somerstein; 2010). Therefore supporting breathing synchrony
could promote the shared experience of an intimate connection between people. Moreover,
as breathing rhythm is indicative of emotion (Homma and Masaoka; 2008; Rainville et al.;
2006) and as it can be observed or heard during an interaction, it can be used to commu-
nicate one’s affective state to others (de Melo et al.; 2010).

Digital technology can allow us to extend our intercorporeal relationships with others
over distance (Kim; 2001). Allowing for communication of physiological signals in social
HCI could support social interactions and connect users (Chanel and Mühl; 2015). Social
bio-responsive systems allow for the access to the usually mostly hidden and private physi-
ological dimension of one’s existence. Making this private information available for another
user allows for an intimate connection to emerge. The majority of physiological communica-
tion systems in HCI focus on heart-rate (Hassenzahl et al.; 2012), which, unlike breathing,
is much harder to consciously control, and thus it has less potential for interaction. Mak-
ing one’s physiological data, such as breathing, available to others, can first provide them
the insight into one’s inner state, supporting affective communication. Second, it facilitates
the ability of one user to adapt to the state of the other by synchronizing their breath-
ing. Finally, by adapting the state of the body to the other and mirroring their internal
state, it can support empathy, the feeling of connection, and ‘togetherness’. While the first
user adapts to the second user, the second user adapts to the first. Such dynamic creates
a feedback loop that guides both users to a converging state and encourages each user to
attend to other’s and their own breath, inner body, and their relationship with each other.
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As Höök argued: “Mirroring ourselves in others is an important part of learning about the
self” (Höök; 2018, p.114). Thus these shared systems can extend the perception of breath
and self via the social interaction.

Analysis: We identified six systems that fit the TF4-social framework. Three systems
(Kim et al.; 2015; Sun and Tomimatsu; 2017; Frey et al.; 2018) have the goal of supporting
affective communication over distance that consequently can support the feeling of connec-
tion, empathy, and intimacy, while the other three systems were designed for co-present
interaction to elicit or enhance the feeling of connection (Desnoyers-Stewart et al.; 2019;
Schiphorst; 2006) or to also augment and support existing yoga practice (Moran et al.;
2016). Most of the systems are designed for two users, except for Exhale (Schiphorst; 2006)
which allows multi-user interaction. While only three systems were explicitly designed to en-
courage breathing synchronization by providing biofeedback not only to breathing but also
to the level of synchrony (Desnoyers-Stewart et al.; 2019; Moran et al.; 2016; Schiphorst;
2006), designers of the other systems also discussed that their users would naturally adapt
their breathing to each other. Thus, in all systems attending to breath allows the user to
adapt it to the breathing of the other and to feel more connected with them. While neither
of the reviewed papers discuss it explicitly, based on our analysis we propose that all of
the systems rely on the notion of intercorporeality of human interaction as a mechanism for
achieving the discussed effects of affect communication, connection, and empathy.

2.5.5 Discussion of Theoretical Frameworks

Theoretical Frameworks share similar motivations but differ in how they con-
tribute to design knowledge

TF Motivation Evaluation Values Most Fre-
quent Words

TF1- regula-
tion

health improvement physiology change in physiological
state

rate, respira-
tion, stress

TF2- mind-
fulness

health improve-
ment, self- improve-
ment

state of mind-
fulness, physi-
ology

practice of attending to
self, state of mindfulness

mindfulness,
meditation,
experience

TF3- soma extending aesthetic
sensibility of body

quality of
experience of
movement,
body-based
practices

experience of attending
to one’s body

body, interac-
tion, design

TF4- social social connection
and communication

emotions,
breathing syn-
chronization

experience of connec-
tion, emotion, intimacy
between self and other

biofeedback,
communica-
tion, emotion

Table 2.2: Comparison of Four Theoretical Frameworks (TF) found in 31 breath-based
interactive systems
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We identified four theoretical frameworks and analyzed them (Table 2.2). We found that
overall these theoretical frameworks share the same motivation that is self-improvement,
either of the user’s overall health or supporting well-being through mindfulness (TF2-
mindfulness), body-based practices (TF3-soma) or with the “help” of others (TF4-social).
We also found that while similar in motivation these frameworks differ in the epistemo-
logical commitments they draw from. Bardzell defines epistemology as “a theory of knowl-
edge, including to whom, by what means, and under what circumstances knowledge is
produced.” (Bardzell and Bardzell; 2011, p.677). Epistemological commitments in different
frameworks provide a lens for understanding the aim and the values emphasized through
the interaction design, as well as methods used to produce knowledge. While there is a
variety of specific system’s aims discussed regarding their development, we observe that
in their core, these systems share similarities in what and how the systems are evaluated,
and what is valued as contributing to design knowledge. This led us to dig deeper into our
analysis to understand the background and related work cited in the papers describing each
of the systems to fully grasp epistemological commitments each design is built upon and
contributing to.

While most of the studies involving the systems from TF1-regulation focus on breath-
ing regulation and measuring breath as 3rd person – quantifiable and measurable data,
other frameworks tend to expand the scope in how the knowledge is constructed to include
first-person experiences of the users. In that sense, TF1-regulation is limiting its scope on
breathing regulation as a mechanical act of matching the amplitude or the frequency to
the optimum values that then result in regulation of physiological measures. Therefore, the
design knowledge in this framework is limited to the system’s capacities to elicit change
in the physiology of the user. However, while the aim behind regulating breathing in
most of the systems is to combat stress by decreasing breathing rate (change in the user’s
physiology), decreasing breathing rate below resting rate can sometimes trigger unexpected
experiential qualities, such as heighten stress in participants who lack previous exposure to
slow breathing (Ahmed et al.; 2015; Paredes and Chan; 2011). Learning how to pay atten-
tion to breath and how to slow breathing is a skill acquired over diligent practice, similar
to the one in breath-based focused attention meditation. While systems for breathing reg-
ulation focus mainly on regulating breath and decreasing breathing rate, the health benefit
associated with breathing regulation might be linked to other contributing factors and ex-
periential qualities that within TF1-regulation are rarely discussed. Yackle et al. (2017)
identified neurons that link breathing, relaxation, attention, excitement, and anxiety and
mapped neural mechanisms that are potentially shared in both, mindfulness practices of
focused-attention meditation and in medical approaches for regulating/decreasing breath-
ing rate.

Therefore, there is more to the history of self-regulation through attending to the inner
body than what is commonly reported in contemporary medical literature on breathing
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regulation. Johnson (1995) outlined the history of medical breath regulation that stemmed
from a variety of contexts of use and was based of the works of the pioneers in “Western med-
itation” who acknowledged the importance of not only “mechanical” regulating breathing
but the experience of noticing the quality of breath, the pauses between inhales and exhales,
and heightened awareness of thoughts and emotions that arise with each breath. Charlotte
Selver even voiced concerns about blindly engaging in breathing regulation that can lead to
a disconnect from the world and happenings in it (Johnson; 1995). TF1-regulation systems
are designed as an intervention, and thus there is a question whether the achieved breathing
regulation would be transferable outside of the use of the system. A lack of longitudinal
studies in this area opens a space for the understanding of the long-term effects of inter-
acting with these systems and answering the question of whether users remain dependent
on the technology to regulate their breath. In that sense, TF2-mindfulness and TF3-soma
frameworks are more encompassing than TF1-regulation. They embrace the experience
of self-regulation that arises from an awareness of breath and practice of attending to
the inner body: noticing the quality of the experience and sensations in the body that arise
with breath without the necessity to alter it. Furthermore, systems in the fourth framework
– TF4-social expand beyond attending to self to encompass meaning-making processes of
attending to self through someone else’s representation, expanding the experience from
noticing experiential qualities of attending to the inner body through the augmented lens
of shared emotion, connection, intimacy, and empathy.

The premise of TF1-regulation framework is that a lower respiratory rate contributes to
stress reduction from a physiological aspect; however, subjective experience may not change
in the users. Many authors (Wongsuphasawat et al.; 2012; Ghandeharioun and Picard; 2017;
Macik et al.; 2017; Paredes and Chan; 2011) reported that lower respiratory rate does not
equal to more relaxed subjective feeling, which is contrary to the expectations from a system
for stress reduction. Similarly to TF1-regulation, the majority of TF2-mindfulness focused
on achieving a goal of reducing stress, however as Kabat-Zinn explained, Mindfulness-Based-
Stress Reduction program was never just about stress reduction, instead “the emphasis was
always on awareness of the present moment and acceptance of things as they are, however,
they are in actuality, rather than a preoccupation with attaining a particular desired out-
come at some future time, no matter how desirable it might be” (Kabat-Zinn; 2011, p.17).
Cherishing the aesthetics of attending to the breath and inner body is accomplished through
sustained practice. While gathering experiential qualities of a sustained practice supported
by an interactive system may not lead to immediate and measurable health outcomes as
in, for example, TF1-regulation framework, this type of data still adds valuable insights to
design knowledge about how to design systems for breath-awareness.
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2.6 Perceptually extending breath in interactive systems:
breath, attention, design features

In this section we present the results addressing RQ2: How is breath perceptually extended
and what are the characteristics of the breath-based interactive systems that extend our
breath awareness?

2.6.1 Perceptually Extending Breath

The aim of the reviewed systems is to capture and perceptually extend breath through
different perceptual modalities to make breath more perceptually accessible to our attention.
Here we focus on the technologies in direct contact with users’ bodies, that capture and
extend breath through different modalities.

Sensing Breath: We observed a variety of ways how breathing can be captured by
systems that vary in the degree of obtrusiveness to the user’s body. The least obtrusive
approach is using radar technology that senses the movement of the user’s belly from a
distance (Ståhl et al.; 2016; Sjöman et al.; 2018). The rest of the systems require sensors to be
either held as with spirometer (measures the air flow) (Bingham et al.; 2010) and thermistor
(measures the temperature change of the inhaled /exhaled air) (Sonne and Jensen; 2016),
or placed on the body. Twenty-three of the systems reviewed captured user’s breath by
placing a belt either around user’s chest (e.g., Ghandeharioun and Picard (2017); Harris
et al. (2014)) or their belly (e.g.,Prpa et al. (2015); Moraveji et al. (2012)). One system
used a vest with breathing and balance sensors to measure breathing data (Davies; 1998).
Three systems use a microphone either in a smartphone headset (Abushakra and Faezipour;
2014), attached to a user throat (Pisa et al.; 2017) or in a Virtual Reality (VR) Head
Mounted Display (HMD) (Patibanda et al.; 2017) and one integrates Inertial measurement
unit (Cesareo et al.; 2019) in a wearable pendant (Frey et al.; 2018).

Perceptual Modalities: Once captured, breath was “translated” to 3 perceptual
modalities: seeing (visual), listening (audio), and feeling (kinesthetic) (Figure 2.1). The
majority (18 out of 31) of the systems target only one perceptual modality: 9 sys-
tems focused on translating breath to visual cues through mobile applications (Parnandi
et al.; 2013; Abushakra and Faezipour; 2014; Wongsuphasawat et al.; 2012), desktop appli-
cations (Moraveji et al.; 2011, 2012; Bingham et al.; 2010), HMD VR (van Rooij et al.; 2016;
Soyka et al.; 2016) and as a physical, spatial installation (Moran et al.; 2016); 5 systems
translated breath to audio for mobile applications (Bumatay and Seo; 2017; Wongsupha-
sawat et al.; 2012; Harris et al.; 2014), desktop application (Pisa et al.; 2017), and as a spatial
installation (Vidyarthi et al.; 2012); 3 systems employed kinesthetic cues to breath through
a mobile application (Bumatay and Seo; 2017), and everyday objects such as sofa cush-
ion (Sun and Tomimatsu; 2017), and stuffed animal toy (Aslan et al.; 2016). Systems that
targeted two perceptual modalities focused on combining seeing and listening together
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Figure 2.1: Perceptual Modalities: System references are in [#] in Table 2.1

through HMD VR (Patibanda et al.; 2017; Prpa et al.; 2018; Shaw et al.; 2007; Desnoyers-
Stewart et al.; 2019; Davies; 1998), desktop applications (Sonne and Jensen; 2016; Shamekhi
and Bickmore; 2018; Prpa et al.; 2015), and a spatial installation (Ståhl et al.; 2016). Per-
ceptual extending breath to visual and kinesthetic representations of breath are combined in
the systems for shared communication as in wearables (Frey et al.; 2018; Schiphorst; 2006)
and everyday object: picture frame that expands at the pace of the other person’s respira-
tory rate (Kim et al.; 2015). Breathing room (Sjöman et al.; 2018) translates the breathing
data to tangible and visible movements in the walls of a spatial installation in which the
participant is seated. Only one mobile application combines listening and feeling (Bumatay
and Seo; 2017). Finally, only 3 systems target three perceptual modalities: one desk-
top application (Ghandeharioun and Picard; 2017), one everyday object: blanket (Dijk and
Weffers; 2011), and one mixed-reality system (Roo et al.; 2016).
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2.6.2 Guiding Attention to Breath Through Interaction

Here we present different ways how the system guides the user’s attention to breath (Figures
2.2: a. and b.). We observed three main attention directing modalities in the interaction
loop between the system and the user. Self-System-Self modality is initiated by sensing
the user’s breath and sending it to the System, where the attention is directed from Self to
the System. The system responds to the breath and the user’s attention is directed from
the System to the Self. This kind of directedness (Self-System-Self) characterizes any of the
biofeedback loop systems in which the system senses the user (some physiology parameter)
and based on that provides a feedback to the user. The second modality is initiated from the
system to self and then from self to the system: System-Self-System. The systems that
utilize this modality are in majority from the category of systems for breathing regulation
through pacing (see Figure 2.2). These systems bring attention to breath by first providing
a cue, in most cases a pacing stimulus that the user pays attention to. By attending to the
cue and matching their breathing to the frequency of the pacing cue, the user’s attention is
brought to the breath. While the first two modalities explain the directedness of interaction
and attention between a system and one user, Self-System - Other - System-Self is
a modality that captures breathing of two or more people, and utilizes it in interaction
between them mediated trough a system. In 3 systems this modality included a direct Self-
System interaction for all (Schiphorst; 2006; Desnoyers-Stewart et al.; 2019) or for one of
two users (Moran et al.; 2016). As can be seen in the Figure 2.2 or evident from modality
naming, the more complex modalities have the other modalities embedded in them.

Figure 2.2: Interaction directedness that guide attention: a. All identified interaction-
attention modalities; b. Count of systems by framework and the modality: A – Self-System-
Self; B – System-Self-System; A+B – Self-System-Self + System-Self-System; C – Self-
System-Other-System-Self; A+C – Self-System-Self + Self-System-Other-System-Self.

2.6.3 Design Features of the Systems

Here we present the features of the system design that contribute to closing the loop between
the user and the system.
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Figure 2.3: Frequency of different design features of the systems across 31 papers we ana-
lyzed. For color-coding across different TFs see Figure 1.

2.6.3.1 Mapping Breath Parameters to Breath Representations

Breath Parameters: Once captured, breathing data is used in 5 different ways that deter-
mine the interaction between the user and the system (Figure 2.3.a). Most of the systems
(27) extract respiratory rate and use that data in interaction design. Respiratory rate is
a respiratory frequency defined as a count of breaths within a time period usually counted
as breaths per minute (bpm). Examples include systems that use respiratory rate to de-
termine: the timing of system’s response (e.g. if breathing rate is above the threshold rate,
the system provides cues to breath (as in e.g. (Moraveji et al.; 2011; Ghandeharioun and
Picard; 2017)), or complexity of presented cues as seen in the mobile application that intro-
duces white noise and decreases the audio track complexity when respiratory rate exceeds
6 bpm (Harris et al.; 2014) or increases the complexity of the virtual environment as the
respiratory rate increases (Prpa et al.; 2018). Respiratory amplitude is another, more
nuanced parameter used in 15 systems; it is the “depth” of a breath (shallow breathing =
low amplitude, deep breathing = high amplitude) that controls, for example, vertical move-
ment in the virtual environment (going up with an inhale, going down with an exhale) (Prpa
et al.; 2018; van Rooij et al.; 2016). Exhalation duration is used in two systems: Schiphorst’s
system utilized exhale to provide a connection between the users by translating breathing
into haptic sensations elicited by the fan under the user’s garments (skirts) (Schiphorst;
2006), while Patibanda’s system measured exhalation time and the rest time between two
successive exhales (Patibanda et al.; 2017). Lung capacity (tidal volume) is measured in
two systems. Abushakra and Faezipour’s system quantifies lung capacity (Abushakra and
Faezipour; 2014) while in Deep (van Rooij et al.; 2016)’ virtual environment unsatisfactory
lung capacity changes game mechanics by applying the force of gravity. Finally, three sys-
tems are measuring and representing synchronization of respiration between multiple
participants: in Exopranayama (Moran et al.; 2016) an “Om” sign is projected on the tent
when the sync is established, in Exhale Schiphorst (2006)’s wearable system lights lit up
, while in JeL (Desnoyers-Stewart et al.; 2019) virtual environment a coral-like structure
starts growing.
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Mapping Breath Parameters: In our analysis, we observed two distinct mapping ap-
proaches to how breath parameters are utilized and mapped to interactive elements to bring
attention to the breath (Figure 2.3.b). Direct mapping utilizes breath parameters (in most
cases, respiratory amplitude) to provide an immediate response from the system. Examples
of this type of mapping include systems that capture user’s breath and move the user along
a sine wave that matches the amplitude of user’s breath (Prpa et al.; 2018) or present an
element that expands with inhaling and contracts with an exhale (Wongsuphasawat et al.;
2012). Another example of direct mapping is Patibanda et al. (2017)’s Life Tree in which
the user blows the tree leaves towards the tree as they exhale and the interaction is bound to
the duration of an exhale. In Indirect mapping, the system performs one or more operations
on breathing data parameters before it is mapped to interactive elements. BrightBeat uti-
lizes indirect mapping by “listening” to respiratory rate, and should respiratory rate exceed
the previously set threshold (current respiratory rate > 12 bpm) the system changes screen
brightness and sound volume to bring user’s attention to the breath.

Seven systems utilize both approaches to mapping: direct and indirect mapping.Deep (van
Rooij et al.; 2016) is an underwater fantasy world that utilizes respiratory rate, amplitude
and lung capacity in interaction. While the user’s respiratory amplitude moves the virtual
character through the environment on a vertical axis (inhale-move up; exhale - down), lung
capacity is captured, and if it is less than 50%, gravity is applied to the character (indi-
rect mapping). Therefore, attending to breath by slow and deep breathing make the user
progress in the game. All three interpersonal synchronization systems (Schiphorst; 2006;
Moran et al.; 2016; Desnoyers-Stewart et al.; 2019) use some form of combined direct and in-
direct mapping by providing direct feedback of individual breathing along with feedback of
synchrony. Interestingly, in all of them synchronization is mapped to an increasing object’s
luminescence.

Representations of Breath: In our analysis, we are interested in the interactive ele-
ments breath parameters are mapped to. We observed that all elements belong to one of four
categories: nature inspired, human inspired, everyday objects and abstractions. Nature in-
spired elements are mostly visual and take form of: a jelly fish (Soyka et al.; 2016; Shaw et al.;
2007; Desnoyers-Stewart et al.; 2019), puffer fish (Sonne and Jensen; 2016), sea/ocean (Roo
et al.; 2016; Prpa et al.; 2018), sun (Shaw et al.; 2007), light (Ståhl et al.; 2016), wind (Roo
et al.; 2016; Patibanda et al.; 2017), tree/leaves (Patibanda et al.; 2017), and sound of wa-
ter/ocean waves (Dijk and Weffers; 2011; Wongsuphasawat et al.; 2012). Human inspired
elements are: a virtual avatar (Shamekhi and Bickmore; 2018), a human silhouette (Prpa
et al.; 2015), animation of lungs (Abushakra and Faezipour; 2014), a breathing sound (Pisa
et al.; 2017), and a tactile sensations on the skin when a breath passed from one per-
son to other (Schiphorst; 2006). Everyday objects mapped to breath consist of: expanding
and contracting picture frame (Kim et al.; 2015), cushions (Sun and Tomimatsu; 2017),
plush toy (Aslan et al.; 2016), and wearable skirt (Schiphorst; 2006) and a pendant (Frey
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et al.; 2018). Abstract elements consist of quantified breathing performance (Abushakra and
Faezipour; 2014; Moraveji et al.; 2012), a horizontal bar across the screen (Moraveji et al.;
2011), expanding/contracting circle (Wongsuphasawat et al.; 2012; van Rooij et al.; 2016;
Prpa et al.; 2015), tactile sensations - vibration (Bumatay and Seo; 2017; Dijk and Weffers;
2011), white noise (Harris et al.; 2014) and gong chimes (Bumatay and Seo; 2017).

2.6.3.2 Interaction Strategies

Representation-related strategies: In Figure 2.3.c we present 13 identified strategies
implemented in 31 reviewed systems that aim to guide attention to breath. Pacing is used
in 14 systems that utilize System-Self and Self-System-Other-System-Self interaction - at-
tention modalities (see above). The user is presented with representation of a breath that
either moves on a vertical axis collecting points in the game (Sonne and Jensen; 2016) or
expands/contracts at a certain rate (Wongsuphasawat et al.; 2012). Rate is either fixed (e.g.,
6 bpm) or adaptive: the system initially matches the user’s breathing rate and slowly intro-
duces changes in the response to gradually reach user’s target breathing rate. In systems
with two or more users, the system is pacing at the rate of the other person (e.g., Desnoyers-
Stewart et al. (2019); Frey et al. (2018); Kim et al. (2015); Sun and Tomimatsu (2017))
making for a rich design space for further exploration how these rates change and influence
each other. Expand-contract is applied to breath representations such as: circles (Prpa et al.;
2015; Wongsuphasawat et al.; 2012; van Rooij et al.; 2016), animation of lungs (Abushakra
and Faezipour; 2014) puffer fish (Sonne and Jensen; 2016), jelly fish (Shaw et al.; 2007)
and in inflatable everyday objects (cushions by Sun and Tomimatsu (2017), picture frame
by Kim et al. (2015)). Vertical movement is observed in a horizontal bar placed on the
screen (Moraveji et al.; 2011), moving a user in virtual environments and games, both screen
based (Sonne and Jensen; 2016; van Rooij et al.; 2016; Soyka et al.; 2016; Bingham et al.;
2010) and HMD (Prpa et al.; 2018; Shaw et al.; 2007; Desnoyers-Stewart et al.; 2019), and
everyday objects/installations (Moran et al.; 2016; Dijk and Weffers; 2011). Fade in/out is
used for audio (Wongsuphasawat et al.; 2012), light (Ståhl et al.; 2016), and haptic repre-
sentations of breath (Frey et al.; 2018).

Attention-related strategies: While the majority of the systems (24/31) are built to
be in the focus of attention of a user, five systems are built on top of existing applications,
with the aim to provide a seamless distribution of attention between the primary task and
breathing. These applications include screen-based horizontal bar (Moraveji et al.; 2011) and
add-on in system tray -BreathTray (Moraveji et al.; 2012) that reminds the computer users
to focus on their breath when respiratory rate reaches a threshold during their work. Some
strategies are disruptive and obscure the primary activity, such as an audio application for
music listening that introduces white noise and reduces track complexity incrementally as
the respiratory rate deviates from 6 bpm (Harris et al.; 2014).
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Self-Other strategies: Mirroring self in other relates to a strategy used in systems
with 2 or more users. In these systems, the user is discovering and sense-making of their
breath by relating to the other person’s breathing data. This allows for users to align their
breathing that can allow alignment of inner bodies, thus supporting empathy and feel-
ing of connection. An interesting use of this strategy was implemented in a single-user VR
narrative-based game developed to promote empathy for refugees (Kors et al.; 2016). There,
the participant holds their breath similarly to the protagonist of the story to progress to the
positive ending, thus synchronizing their breath with the character, participant can embody
their state and develop empathy. Some systems are explicitly designed to support breathing
synchrony by providing positive reinforcement when participants sync to encourage them
to achieve the alignment of inner bodies and connection, while other systems only provide
the information about the other user’s breathing (and don’t have an explicit goal of syn-
chrony). While participants tend to sync in both strategies, providing positive reinforcement
makes the interaction more goal-oriented. Providing positive reinforcement also seems to be
more inducive compared to the spontaneous synchronization that occurs when breathing
information is just simply communicated between people.

2.7 How Design Strategies Emphasize the Values of Theo-
retical Frameworks

So far, we have identified 4 theoretical frameworks and 13 strategies used to support breath-
awareness in the systems built upon those frameworks (see Figure 2.3.c). Here we discuss
how different strategies are used to support different experiential qualities of interaction and
elicit breath-awareness in those 4 previously identified theoretical frameworks. We recog-
nize the difference in experiential qualities that arise from interacting with the systems built
upon different theoretical frameworks. These qualities are: immediacy in TF1-regulation,
sustained observation through practice in TF2-mindfulness, gentle sensory engage-
ment in TF3-soma, and extending self through the other in TF3-social.

2.7.1 Supporting Immediacy of Interaction Through Representations of
Breathing Mechanics in TF1-regulation:

The main goal of the systems in TF1-regulation is to perceptually extend breath so that
the participant regulate their breathing by interacting with the system. The emphasis is
on a physiology regulation and efficacy of slowing breathing to an optimal respiratory rate.
Such goals value immediacy of interaction over aesthetic or experiential consideration of
the design. To that end, we observed that representational strategies used in the design of
TF1-regulation systems contributed to a sense-making of incoming breathing cues at large
by mimicking the mechanics of human lungs in the majority of the systems within this
framework. We report strategies such as: expanding and contracting, vertical movement
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and fade in/out applied to representations of breath. All of these movements are found in
the immediacy of mechanics of the human lungs that expand on each inhale and contract
with an exhale, moving the chest and the whole body up (on a vertical axis) and along
the hyperbola (fade in/out). This is congruent with the concept of metaphoric mapping
based on previously learned everyday image-schemas (Macaranas et al.; 2015) such as lung
mechanics or concepts such as “increase is up” (vertical movement on the inhale). The
second mapping used is isomorphic mapping (Macaranas et al.; 2015) based off one-to-one
literal mapping of a breathing data (input) to the breath representations and mirroring
the state of user’s breath (e.g., the character follows the dynamic of the user’s breathing).
Both require little to no conscious effort for understanding more abstract concepts, and for
this reason, these two mappings of interactions are considered to be “intuitive” (Macaranas
et al.; 2015) and may be one of the main reasons for the choice of compatible strategies
that support immediacy as interaction quality within this framework.

2.7.2 Sustained Observation Through Practice TF2-mindfulness:

The TF2-mindfulness systems also build upon the strategies that support immediacy (as
described above) by utilizing the dynamics of breathing mechanics for vertical movement
(Davies; 1998; Prpa et al.; 2018), or by guiding the user’s attention to expanding and
contracting elements representing their breath (Prpa et al.; 2015). However, the emphasis
of the TF2-mindfulness system design is on eliciting breath awareness by supporting the
practice of attending to self. While two systems directly focus on supporting breath-based
focused-attention meditation practice (Prpa et al.; 2015; Shamekhi and Bickmore; 2018)
the rest of the systems in this framework support focused practice of attending to breath
by creating an immersive experience around the user. The goal of such approach is to elicit
curiosity and engage one in continuous process of sustained observing and listening to
breath representations and therefore attending to their breath. For example, in Sonic Cradle
(Vidyarthi and Riecke; 2013; Vidyarthi et al.; 2012), an immersive interactive sonification
of breathing cycles, uses the strategy of increasing complexity over time by triggering a new
sound on the exhale. Similarly, decreasing complexity of breath representations is used in
the Meditation Chamber, an HMD VR depicting a jellyfish that fades to black as the user
progresses in attuning to their breath (Shaw et al.; 2007). To this end, we observed that in
TF2-mindfulness there is a design consideration of the threshold of breath representation
enough to support curiosity and exploration such as in Pisa et al. (2017)’s system that
amplifies user’s breathing sounds only when the user is hyperventilating but minimized
once the breath-awareness is elicited and practice established.

2.7.3 Sensory Engagement in TF3-soma:

Our interest in making breath perceptually accessible by extending it through systems that
utilize breathing is based on an understanding of the act of perceiving as “about one’s
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personal relationship to the incoming information” (Johnson; 1995, p.195). Ståhl et al. used
light “to achieve an intimate correspondence between the perception of the breathing and
the light, so that the light is perceived as an extension of the body, creating a deepened
experience for each breath” (Ståhl et al.; 2016, p.307). The breath representations, in the
form of light and temperature from the light, serve as a gentle guide and support to the user’s
experience of extending their body. That is, the TF3-soma framework engages in bodily-
based knowing and experiential, kinesthetic qualities that emerge from guiding attention to
the breath and the body. To that end, the strategies that support kinesthetic experience
are translating breathing data into perceptible sensations on the body. In Schiphorst’s
installation Exhale (Schiphorst; 2006) a breath is shared between the participants as a
perceptible breeze on the participant’s skin. One possibility that we noticed is that the
majority of the systems utilize breathing data from the sensors placed on the body. Núñez-
Pacheco and Loke demonstrated how the use of “body-centric artifacts” such as a vibrating
glove could guide the participant’s attention to their bodies and develop aesthetic sensibility
(Núñez-Pacheco and Loke; 2015). We ask then, can breathing sensors placed on the body
serve as “body-centric artifacts” to guide the participant’s attention and the unfolding of
aesthetic appreciation of body and breath awareness?

2.7.4 Extending Self through the Other in TF4-social:

The notion of personal relationship to incoming information contributes to experiential
qualities in TF4-social framework too. In interacting with the representations of breath
of the Other (person), the notion of who the Other is changes the experiential qualities
of interaction. Knowing that a virtual character, such as a jellyfish (Desnoyers-Stewart
et al.; 2019), or a tangible object, such as picture frame (Kim et al.; 2015) are not simply
entities responding to or pacing one’s breathing, but are an embodiment of breathing of
another person, often a significant other or a family member, can fundamentally change
the experience. While the mechanic of the interaction may be the same, when looking at
a pulsating cushion, controlled by an algorithm guiding you to slow down your breathing
to achieve a state of calm, when the participant is aware that the pillow is embodying
inhales and exhales of someone we are intimately, or emotionally involved with changes
the meaning we assign to such experiences. The experiential quality of our relationship
with the other person will contribute to the phenomenological experience of the interaction,
creating an intercoporeal relationship letting us learn about ourselves through mirroring in
the other (Höök; 2018).
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2.8 Takeaways: Extending Breath Through Design

2.8.1 Conscious Design Practice Acknowledges The Importance of Delib-
erate Theoretical Frameworks

Theoretical frameworks not only impact how the system is designed, but they also guide
design knowledge production in the field by framing how and what questions are asked.
Theoretical frameworks have established evaluation methods that are often implied and
rarely discussed. However, the value that design knowledge contributes stems directly from
what is both valued and evaluated within design practice, as well as the recognition of how
theoretical frameworks shape our design processes.

We have reflected on the value of considering the long history of reflective, social, scien-
tific, and philosophical traditions that frame our design processes. Explicitly acknowledging
the epistemological commitments present in our theoretical histories allows us to uncover
more nuanced approaches to designing in context, and to recognize our methodological
processes. In our analysis, it was often hard to distinguish designs between TF2 and TF3
(mindfulness and soma-aesthetics). This ambiguity could be solved by explicitly acknowl-
edging the TF and opening a discourse about their associated evaluation methods as a
future work. We hope that by embracing a discourse regarding TFs and their impact on
design processes we can increase our sensitivity to values and evaluation approaches, and
increase the quality of our design strategies.

2.8.2 Inherent Values of Theoretical Frameworks Can Determine The
Scope of Evaluated Experiential Range

We showed how TFs and their epistemological commitments frame design processes and
system designs. While there is no optimal way to design these systems, there are common
strategies shared by the systems analyzed, as presented in this chapter. While we unveiled
some of the common relationships between the TFs and the design strategies, the relation-
ship between the presented designs and the experiential qualities they elicit is often unclear
and requires further investigation. To that end, we recognize that by bringing more explicit
critique and reflection into possible TF interconnections and their experiential accounts, our
designs can incorporate a greater experiential dynamic range in a given system including
the physiological, attentional, somatic, and social aspects. As in the case of designing for
mindfulness, Akama et al. (2017) discuss the importance of acknowledging the experiential
complexity of mindfulness in both design and evaluation. Extending this argument, we en-
courage the designers of breath-based systems to go beyond the quantitative evaluations of
physiological states (e.g., TF1) and incorporate evaluations that recognize the complexity
of subjective experiences of extended breath awareness.

Our research unveiled a complexity of cues and interaction within our human attentional
capacities. How can we leverage our capacity for directing and re-directing our attentional

40



resources that can access and share knowledge between ourselves and others? There is so
much we still do not understand about the transformative potential of extended breath.
How can we more fully explore extending the experience of breathing through an artifact
and incorporate body schemas with the interaction? And if we do extend ourselves through
the artifact - what does it mean to be extended - for the person extending and for others
perceiving the extension?

2.9 Limitations of The Scoping Review

While conducting this review we faced limitations in our analysis process. (1) Theoretical
Frameworks are not always obvious or clearly stated: To identify the theoretical frameworks,
we analyzed references and previous work; (2) Lack of a first-person experience with the sys-
tems: For majority of the systems we did not have a first-person experience (except Sjöman
et al. (2018); Prpa et al. (2015); Vidyarthi and Riecke (2013); Desnoyers-Stewart et al.
(2019); Schiphorst (2006)). Instead, we relied on the information provided in the articles
that describe those systems. While all articles provided some description of its system de-
sign, a majority of the articles focused more on testing the hypothesis regarding the system,
and less on describing the nuances of the system or experiential consideration; (3) Imbalance
in the number of analyzed systems through different theoretical frameworks: We notice that
some TF have more system implementations than others (14 systems in TF1-regulation
vs 3 systems in TF3-soma) which may have influenced the identified characteristics to a
certain degree.

2.10 Conclusion

We critically analyzed 31 breath-based interactive systems and unveiled four theoretical
frameworks that shape design goals and decisions through their differing epistemological
commitments. Our goal was to deepen the understanding of design approaches employed
to perceptually extend breath awareness. To that end, we discussed three design features
of these systems that help users in guiding and sustaining attention to their breathing, and
how these features support the theoretical frameworks underlying the motivation of the
systems. We conclude the chapter with two takeaway points regarding design of systems
that perceptually extend breath.
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Chapter 3

Inhaling and Exhaling Part 2:
How VR Can Perceptually Extend
our Breath Awareness

In Chapter 2, we analyzed 31 systems that utilize breath-based interaction to answer RQ
1.1. This chapter expands on Chapter 2 by focusing on seven VR applications (out of 31
systems in total) (Table 3.1)1. The motivation to focus on immersive VR is to provide
the context and related work for our immersive VR system designs that are presented in
Chapters: 4, 6, and 8. Our focus in this chapter is on explicating interaction strategies
and theoretical frameworks that served as a basis for seven analyzed VR applications for
perceptually extending breath awareness. Our findings contribute to answering RQ 1.2.:
What are the principles and resulting interaction strategies across differing
theoretical frameworks of VR applications that support breath awareness and
regulation? Presented findings then served as a basis for the discussion in Chapter 9 where
we compare how our immersive VR systems fit within the presented landscape made of seven
VR systems.

11 VR system is omitted from the analysis here as it is our design that we will discuss separately in the
context of other seven systems in Chapter 9
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# in Figure
2.1

System Name Description Aim TF Reference

17 OSMOSE a VR “to bring together inner space and
external space in interplay”[p.70]

connecting mind and body TF- mindfulness Davies (1998); Davies and
Harrison (1996)

20 Jel b VR for breath synchronization between
2 participants to support the feeling of
connection

promote the feeling of con-
nection

TF- social Desnoyers-Stewart et al.
(2019)

61 Life Tree c VR game for stress reduction practice of pursed-lip
breathing (deep breathing)

TF- regulation Patibanda et al. (2017)

69 Inner Garden d VR and an augmented sandbox mapped
to breathing for eliciting breath and
body awareness

stress reduction through
interaction

TF- mindfulness Roo et al. (2016)

72 Meditation Chamber sustained awareness of breath and bodily
sensations

lowering stress levels
through meditation and
muscle relaxation

TF- mindfulness Shaw et al. (2007)

78 UWE breathing regulation for stress reduction decrease respiratory rate to
6 bpm

TF- regulation Soyka et al. (2016)

87 DEEP e VR game for kids with ADHD for arousal
and stress regulation

decrease RR and encourage
diaphragmatic breathing

TF- regulation van Rooij et al. (2016)

Table 3.1: 7 VR systems: # , System name, Aim, Theoretical Framework, and Reference

ahttps://www.youtube.com/watch?v=bsT59fp8LpY

bhttps://www.youtube.com/watch?v=ZffFnL1Gs-k

chttps://www.youtube.com/watch?v=W0XkRUX6pbo

dhttps://vimeo.com/200217398

ehttps://www.youtube.com/watch?v=qIhZhdmPQ_8
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3.1 Theoretical Framing of Attending to Breath in VR

Chapter 2 presents a detailed overview of four theoretical frameworks and the epistemo-
logical commitments that these frameworks impose on the design of interactive systems.
The analysis of seven virtual reality applications revealed that the most utilized theoret-
ical frameworks for VR are:TF1-regulation: systems for breathing regulation (3 systems),
TF2-mindfulness: systems based on mindfulness of breath and self regulation of attention (3
systems), and, TF4-social: Systems for shared communication, emotion and human connec-
tion via breath (1 system). For detailed review of the Theoretical Frameworks see Chapter 2.

3.1.1 TF1-regulation: VR systems for breathing regulation

Three VR applications are classified within this framework. van Rooij et al. (2016)’s DEEP
is a biofeedback Virtual Reality game for children with ADHD who are at risk for anxiety.
While, according to van Rooij et al. (2016) the game has no explicit tasks or goals (p.1991),
the aim of the game is to regulate arousal levels in the player. This is accomplished by game
mechanics that support diaphragmatic breathing and decrease breathing rate. Similarly,
the other two VR applications focus on stress reduction through breathing. Patibanda
et al. (2017)’s Life Tree is a VR game for practicing pursed-lip breathing (deep, rhythmic
breathing) that has been linked to stress reduced. Finally, Soyka et al. (2016)’s UWE is
a VR game with mechanics that decrease the player’s breathing rate to 6 bpm with a goal
of stress reduction. Similarly to the results in Chapter 2, the design of 3 discussed VR
applications is motivated by positive health outcomes such as stress and anxiety reduction,
both associated with lower breathing rate.

3.1.2 TF2-mindfulness: VR systems based on mindfulness of breath and
self-regulation of attention

The system with the longest legacy in this group is OSMOSE by Char Davies. OSMOSE is
a seminal piece that inspired, motivated, and translated into many other VR applications,
implicitly or explicitly. Even though this work has not been typically considered as built for
eliciting mindfulness, Davies explained that the work has contemplative nature (Davies and
Harrison; 1996, p.26). Moreover, the motivation for this work to unite divorced Cartesian
mind and body in an ambiguous environment, to bring together inner and external space
in interplay, by positioning the user in the center around which everything unfolds, reveals
contemplative intentions. Created as a single user piece, intention is brought to giving time
and space for a user to reconnect with their inner space, find calm, and self-reflect.

Regarding other two systems, and similarly to the results presented in Chapter 2, Kabat-
Zinn’s influence on design of VR applications is prominent. Out of four systems in this TF,
two applications Meditation Chamber and Inner Garden build upon the Mindfulness-Bases
Stress Reduction (MBSR) framework. Moreover, one application – Roo et al. (2016)’s
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Inner Garden– is built upon expert interviews that included a head of MBSR center in the
design process and evaluation of the system. Finally, the motivation for these two systems
(Meditation Chamber and Inner Garden) is stress and anxiety reduction.

3.1.3 TF4-social: VR systems for shared communication, emotion and
human connection via breath

Only one VR application in our corpus fits this theoretical framework. Desnoyers-Stewart
et al. (2019)’ Jel is a VR applications that encourages breath synchronization between 2
participants to support the feeling of connection. The interaction design supports synchro-
nization of the physiology through breathing, by mapping the breathing of both users to
two jellyfish (one for each person). By focusing on synchronizing movements of the jellyfish,
the users gradually synchrnozie their breathing “to encourage self-awareness, a feeling of
connectedness, and consequently pro-social and pro-environmental attitudes.” (Desnoyers-
Stewart et al.; 2019, p.1)

3.2 Perceptually Extending Breath in VR

In this section we present the results of our inquiry about: How is breath perceptually
extended in VR and what are the characteristics of the breath-based VR systems that extend
our breath awareness? This section directly answers RQ 1.2. What are the principles and
resulting interaction strategies across differing theoretical frameworks of VR applications
that support breath awareness and regulation? (see RQs in Section 1.2).

3.2.1 Sensing, Perceiving, and Guiding Attention to Breath in VR

Here we look at how the analyzed VR systems collect breathing data, and then employ that
data to bring the user’s awareness to breath.

Sensing Breath In combination with VR systems the most used are the belt sensors
placed on the user’s body. Five VR systems utilized this type of sensing stretch sensors
(DEEP, UWE, Inner Garden, Jel, Meditation Chamber). Patibanda et al. (2017)’s Life
Tree uses a microphone headset, and in Davies’ OSMOSE a user wears a customized vest
that measures the expansion and contraction of the chest (Davies; 1998).

Perceptual Modalities In analyzed VR systems, the majority of the systems trans-
late breath to the combination of audio and visual modalities (see Table 3.1 for system’s #
and Figure 2.1 for identifying the systems regarding used modalities in VR systems). Life
Tree, Meditation Chamber, OSMOSE, Jel all utilize visuals and audio to provide feedback
to the user and engage them in breath-based interaction. Audio cues in these environments
are in most cases nature-inspired sounds. In Jel user’s exhale triggers the sound of a wave
crashing onto a reef underwater, while synchronization of breathing between 2 users makes
visuals of a coral reef grow, triggering whale call sounds. In Life Tree, users listen to the

53



recording of breathing for the first 30 seconds (“players listen to a rhythmic inhalation and
exhalation sound at the start of the game to understand how to perform the breathing exer-
cise” (Patibanda et al.; 2017)) then the VR is accompanied by the soundtrack of an Indian
instrument called “Veena”. In Meditation Chamber along with jellyfish, the VR environment
was filled with abstracted sound of waterfall. Finally, in OSMOSE, a user is presented with
the ambient sound sampled from human voices triggered as the user approached the objects
in VR as they explored the VR environment.

Two VR systems translate breath to visual cues only (UWE, and DEEP). Finally, Roo
et al. (2017)’s Inner Garden combines VR and AR technologies to provide audio, visual cues
to breathing. In addition, Inner Garden system includes a sandbox that AR environment
is mapped to, that the user can engage with through shaping it with their hands while
stimulating kinesthetic awareness similar to the experiences elicited in meditation with zen
gardens.

Guiding Attention to Breath through Interaction The focus here is to present
different approaches to how the VR systems guide the user’s attention to breath. Similar
to the results in Chapter 2, same three main attention directing modalities are present in
VR systems. For detailed description of the attention directing modalities see Section 2.6.2.
Regarding analyzed VR systems, Self-System-Self is the most used attention directing
modality present in 5 VR systems (DEEP, Inner Garden, Meditation Chamber, Jel, OS-
MOSE) even though some systems utilize two modalities (see Figure 2.1 for more details).
System-Self-System modality that relies on a pacing stimulus as a focus of the user’s
attention is present in 3 VR systems (Life Tree, UWE, and Inner Garden). Finally, the
third modality – Self-System-Other-System-Self– is found in only one VR system – Jel
by Desnoyers-Stewart et al. (2019).

3.2.2 Design Features of VR Systems

Here are presented the features of the VR system design that enclose the loop between the
system and the user. Detailed explanation of all features is in Section 2.6.3.

Breath Parameters: Congruent to the findings in Section 2.6.3, most of the VR sys-
tems (6/7) use Respiratory Rate (RR) data. While only one VR system relies on RR only
(UWE), four systems rely on the combination of Respiratory Rate and Respiratory Am-
plitude for interaction design (Inner Garden, Meditation Chamber, Jel, OSMOSE). van
Rooij et al. (2016)’s VR game DEEP, besides Respiratory Rate and Respiratory Amplitude
adds Lung Capacity to enhance the game mechanics. When the user’s lung capacity is
below set threshold, the force of gravity is applied to the user’s character making moving
through the environment more difficult, bringing attention to regulating breathing and tak-
ing deeper breaths. Finally, synchronization of respiration is used in Desnoyers-Stewart
et al. (2019)’s Jel that aims to elicit a sense of connection through breathing synchroniza-
tion.
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Mapping Breath Parameters: In Section 2.6.3 we outlined two mapping approaches
to how breath parameters are mapped to interactive elements to bring attention to breath:
direct, and indirect. In direct mapping, the system immediately responds to breath pa-
rameters (in most cases, respiratory amplitude). Direct mapping is found in 4 VR systems
(UWE, OSMOSE, Jel, Inner Garden). Direct mapping is mostly used to move the user in
the virtual environment (DEEP, OSMOSE) or to move an element in VR that represents
the user’s breath (Inner Garden, Meditation Chamber) along a sine wave that matches
the user’s respiratory amplitude. Indirect mapping approach relies on the system applying
transformations and operations on breathing data parameters. Then, after the transfor-
mation is applied, the data is mapped to interactive elements. However, in VR indirect
mapping is used only in combination with direct mapping. In Patibanda et al. (2017)’s Life
Tree, the breathing exhalation time is directly mapped to a tree that expands during the
user’s exhalation. The “rhythm” of the user’s breathing is indirectly mapped to the tree’s
properties such as color, and the camera effect: blur. If the user’s breathing becomes uneven,
the tree looses it’s vibrant colors and blur effect is applied to the user’s view. In Medita-
tion Chamber movement of a jellyfish is directly mapped to the user’s RR. However, if the
measured physiological responses (GSR) start reducing, the jellyfish starts disintegrating.

Representations of Breath in VR: In all analyzed VR applications the most promi-
nent are nature inspired breath representations, and mostly in a visual form such as: a jelly
fish (UWE, Meditation Chamber, Jel), sea/ocean (Inner Garden), sun Meditation Chamber,
wind (Inner Garden, Life Tree), and tree/leaves (Life Tree).

3.2.3 Interaction strategies

In Chapter 2 are outlined three groups of strategies: Representation-related strategies,
Attention-related strategies, and Self-Other strategies. All of these are present, to some
extent, in the analyzed VR systems.

Representation-related strategies: In the analyzed VR systems, the most used
representation-related strategy is expand-contract: in van Rooij et al. (2016)’s DEEP, a
circle expands and contracts in sync with the user’s breathing; in Roo et al. (2016)’s Inner
Garden the sea expands with the user’s inhales and contracts on exhale; and in Meditation
Chamber and Jel , a jellyfish expands and contracts with the user’s breathing. Compared to
other breath-based systems presented in Section 2.6.2 that utilize pacing as the most dom-
inating strategy, only 2 VR systems employ pacing, and at fixed rate: in Patibanda et al.
(2017)’s Life Tree pacing is accomplished by an audio guidance of inhale/exhale and visual
guidance depicting expanding/contracting of the tree. In Soyka et al. (2016)’s UWE, the
user’s breathing is paced by them following movement of a jellyfish: the user is instructed
to inhale on jellyfish moving up, and exhale as it moves down. Vertical movement is widely
employed and mapped to breathing: in UWE and Jel jellyfish is moving on a vertical axis,
and in OSMOSE the user’s breathing is moving the user in the virtual environment. Finally,
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one project – Life Tree – uses blur and color change to bring the user’s awareness to their
breathing.

Attention-related strategies: Given the nature of VR applications, and due to the
sense of presence and immersion, all VR applications rely on undivided attention of the user
and interaction with the application is the primary task that the user performs. Non of the
analyzed VR systems utilizes any other applications nor it builds on the existing systems.

Self-Other strategiesOnly one of seven VR systems is built for two users. In Desnoyers-
Stewart et al. (2019)’s Jel, while each user is assigned one jelly-fish that is mapped to their
RR and respiratory amplitude, by placing these 2 jellyfish in near proximity in the vir-
tual environment, both users become aware of self and then each other through sync in
jellyfish’s movement.

3.3 Conclusion

This Chapter concludes our attempt at understanding related work, and how breath can
be made perceptually accessible through technology. In Chapter 2 we analyzed 31 breath-
based interactive systems to answer RQ 1.2 (Section 1.2). In this Chapter we focused on a
subset of those systems and analyzed seven VR systems through the lenses of Theoretical
Frameworks they belong to, their design features, and interaction strategies with a goal of
providing the reader with a better understanding how breath is made perceptually available
in VR. In the next, Chapter 4 we present the first iteration of our VR system. We have
omitted our systems from the analysis here because in Chapter 9 we tackle that by discussing
the common themes that we observed in related work and how the related work informs
the design of our systems for eliciting breath-awareness.
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Chapter 4

The Pulse Breath Water System:
Exploring Breathing as an
Embodied Interaction for
Enhancing the Affective Potential
of Virtual Reality

This chapter presents the first iteration of Pulse Breath Water system (in further text –
Pulse Breath Water.01 ) and serves as a basis for understanding motivations and design
features of the Pulse Breath Water.01 system. We described the Pulse Breath Water.01
system in the paper by Prpa et al. (2017) which is included in its entirety in this chapter.
However, the study presented in the paper investigated affective properties of Pulse Breath
Water and breath-based interaction, and while the reader may find it interesting to read,
the most relevant sections for the reader are Sections 4.3 and 4.4 because they outline the
Pulse Breath Water.01 system design. With this chapter, we contribute to answering RQ
2.1: What is the mechanism of eliciting breath awareness that leads to breath
regulation in Pulse Breath Water, an immersive virtual environment? by outlin-
ing a system design of Pulse Breath Water.01 used in the study in Chapter 6 that unveiled
the mechanisms of how Pulse Breath Water.01 elicited breath awareness.

This Chapter presents the content of the paper published by Prpa et al. (2017)

Prpa, Mirjana, Kıvanç Tatar, Bernhard E. Riecke, and Philippe Pasquier.“The Pulse
Breath Water System: Exploring Breathing as an Embodied Interaction for Enhancing the
Affective Potential of Virtual Reality.” In Virtual, Augmented and Mixed Reality, edited by
Stephanie Lackey and Jessie Chen, 153–72. Lecture Notes in Computer Science. Springer
International Publishing, HCII 2017.
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4.1 Abstract

We introduce Pulse Breath Water, an immersive virtual environment (VE) with affect esti-
mation in sound. We employ embodied interaction between a user and the system through
the user’s breathing frequencies mapped to the system’s behaviour. In this study we in-
vestigate how two different mappings (metaphoric, and “reverse”) of embodied interaction
design might enhance the affective properties of the presented system. We build on previ-
ous work in embodied cognition, embodied interaction, and affect estimation in sound by
examining the impact of affective audiovisuals and two kinds of interaction mapping on
the user’s engagement, affective states, and overall experience. The insights gained through
questionnaires and semi-structured interviews are discussed in the context of participants’
lived experience and the limitations of the system to be addressed in future work.

4.2 Introduction

We react to the environments we inhabit, and these environments can have an immense
impact on us. The physical environments are not the only environments we interact with.
The progress in VR technology since 2010 demonstrated the potency of virtual reality (VR)
to make us feel present in virtual environments (VEs). The sense of presence that we feel in
VEs is sometimes so strong that we react to the events in VEs as we would react to them
in physical reality (Slater; 2009). Many authors argue that one of the crucial determinants
to make us feel present in a certain environment is the ability of that environment, physical
or virtual, to support our actions (Zahorik and Jenison; 1998; Flach and Holden; 1998;
Slater and Sanchez-Vives; 2016). We use our whole bodies and engage them in more or less
subtle movements to perform many of our actions, and interact with the environments or
engage in talking, walking, or even breathing. The importance of understanding interaction
as a whole body activity was recognized by the third wave in human-computer interaction
(HCI) research that emphasized an embodied approach to the design of interactive systems.
Dourish (2004) defines embodied interaction as an approach to interaction design that
emphasizes the integrity of our minds and bodies engaged in actions with environments, in
a process through which meaning and understanding are generated. Along with this idea,
Slater and Sanchez-Vives (2016) argued that even perception is “a whole body action”. A
“whole body interaction” is defined as “the integrated capture and processing of human
signals from physical, physiological, cognitive and emotional sources to generate feedback
to those sources for interaction in a digital environment” (England et al.; 2009).

We focus here on the idea that our thinking and learning processes originate in our
bodies as much as in our brains (the concept from embodied cognition). In particular, we
are focusing on subtle body movements engaged in the process of breathing and mapping
the abdominal movement to the changes in our virtual environment (VE). Given the con-
nection between cognition and the body, we ask: if VEs feel real and are perceived as real,
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physical environments, how can these environments change us through embodied interac-
tion design? And, how can an embodied interaction design that employs the user’s subtle
breathing movements facilitate these changes? These overarching questions motivated the
research presented here. We speculate that the ways in which our environments can shape
us depends on the environment’s properties. In this chapter, we investigate how the type
of interaction mapping supported by an affect estimation of previously recorded sounds en-
hances the affective properties of the VE. For our test-bed we employed Pulse Breath Water
1, an immersive virtual environment presented on head-mounted display-HMD (Oculus Rift
DK2). The interaction between a user and the environment is enabled through the user’s
breathing patterns that generate changes in the virtual environment.

Pulse Breath Water.01 has been publicly shown as an art installation; we gained insights
from the audience that motivated the research presented here. By undertaking an embodied
interaction design research approach and mixed methods, we investigated how different
mappings (metaphoric, and “reverse”) between the user’s breathing patterns and the system
response (reflected by the changes in audio and visual components) can be used to influence
the user’s affective state, user’s engagement and overall user experience.

4.3 Background

4.3.1 Embodied interaction and embodied cognition in interactive sys-
tems

The shift in HCI paradigms that emphasized embodiment followed the shift in cognitive
research. For a long time it was understood that “thinking” happens in our heads only;
however, the emerging body of research on embodied cognition argues that body interactions
with the environment is the basis for cognitive processes (Wilson; 2002). In other words, to
understand the world around us, we use not only our brains, but our bodies too.

In particular, research on embodied interaction draws an understanding of interaction
processes from situated bodies, minds, and the environment. Dourish (Dourish; 2004) used
the term “embodied interaction” to explain the embodied nature of an interaction in physi-
cal and social contexts. We interact with others and physical objects in the environment, and
through these “embodied actions” we make meanings (Dourish; 2004). Grounded in phe-
nomenology, Robertson (1997) focuses on Merleau-Ponty’s teachings, and speculates that in
the centre of embodied interaction is a living body, our tool to experience the surrounding
world. Similarly, the design of interactive systems should follow the interaction principles
we establish with the world around us (Dourish; 2004).

Similarly to Dourish, Kirsh (2013) focuses on the lens of embodied cognition to em-
phasize the potential for designing interactive systems. Their premise is that when we ma-

1http://ispace.iat.sfu.ca/project/pulse-breath-water/
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nipulate objects we shape our concepts and beliefs through the actions that employ those
objects in the environment. Kirsh sees objects as extensions of our bodies, that we use to
“think” with. Following this idea, we aim to understand how to design interaction with
objects in VE in such way that this interaction changes user’s feelings, states, concepts, and
beliefs. We look at the complex VE as a tool, the complexity of which enables for more
interaction design opportunities. The potential of such tools is immense, and would allow
for new research directions in embodied cognition and VR.

4.3.2 Unconventional interfaces

4.3.2.1 Conventional vs unconventional interfaces

The definition of unconventional interfaces depends on the user’s familiarity with interaction
interfaces. According to Kruijff, Ernst (2006), some of the characteristics of unconventional
interfaces are: alternative input/output compared to hand-held control and audio-visual
feedback, using either new technology or existing technology in a new way compared to
conventional interfaces, use of interfaces in artistic works compared to common, everyday
usages, and using “magical”/ unnatural metaphors compared to well-known metaphors.

As different tasks require fundamentally different interfaces (interfaces for a FitBit vs a
flying interface in VR simulator), Beckhaus and Kruijff (2004) distinguish between interfaces
used for “experimental application” and interfaces built with the goal of successful task-
accomplishment (productive application) [p. 72]. While in productive applications the main
concern is usability, in experimental applications fun factor and aesthetics are some of the
preferred values (Beckhaus and Kruijff; 2004, p.183). Here, we focus on the experimental
application of a breath-controlled interface in our work. Given that there is no particular
goal set for a user to achieve, but rather to explore the interaction, we argue that breathing
as an interaction modality will contribute to a higher engagement of a user in VE, which
will, we predict, enhance the user’s affective reactions to VE.

4.3.2.2 Breath-controlled Interfaces

Respiration computer interfaces are easy to use, accommodating to different body shapes,
and preferred over button interfaces (Arroyo-Palacios and Romano; 2009). Two main cat-
egories of application for breath-controlled devices are: assistive technologies for impaired
individuals, and interfaces used for creative expression. Assistive technologies often take a
form of breath controlled joysticks and mouses (Kuzume; 2010; Evreinov and Evreinova;
2000; Shorrock et al.; 2005). Breath-controlled interfaces in creative applications can be
found in a number of video games (Sonne and Jensen; 2016; Tennent et al.; 2011) and in
artworks that employ an audience’s breath in various ranges of creative outputs (Schiphorst;
2006; Gabriel; 1992/1993).
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The number of VR projects that have employed breathing input is limited, to our knowl-
edge. Waterworth et al. (2003) built a VE for exploring the relationship between emotion
and presence, through a multimodal interaction paradigm. Employed input modalities were
the user’s balance for movement (leaning forward/backwards, right/left), and breath for
vertical navigation. As the authors reported, initial trials confirmed the ease of using a
breath interface for natural interaction on a vertical axis in VE. This project was inspired
by the pioneering work of Char Davies’ Osmose, an immersive VE presented on HMD, in
which the user’s breathing and balance were assessed via a vest (Davies; 1998). This artwork,
highly influential, refers to the phenomenological teachings of Heidegger and Merleau-Ponty
in Davies’ attempts to bring together divorced minds and bodies. In this work we can rec-
ognize traces of ideas of embodied interaction and cognition that will be publicly presented
years after the completion of Davies’ work.

4.3.3 Affect and Sound Estimation

Dimensional approach to affect estimation in sound and music: Affect estimation
in sound and music is still in discussion in Music Information Retrieval (MIR) research.
Eerola and Vuoskoski (2013) argue for four affect models as discussed in their state of the
art paper on affect estimation in sound and music (Eerola and Vuoskoski; 2013). The four
affect models are: discrete, dimensional, miscellaneous, and music-specific. We undertake a
dimensional approach to emotion that is focused on defining continuous dimensions that
can represent and differentiate affective states. Ekkekakis (2013) presented different dimen-
sional models of affect in human subjects, however in our research we are focusing on the
2-dimensional circumplex model by Posner et al. (2005). The circumplex model has 2 axes,
horizontal representing the valence dimension (unpleasant-pleasant) and vertical axis that
represents the arousal or activation dimension (activation-deactivation), assessed here using
the Affect Grid by Russell et al. (1989). We built Pulse Breath Water.01 upon our previous
research on affective estimation of soundscape recordings (Fan et al.; 2016; Thorogood and
Pasquier; 2013). Specifically, we use the affect estimation model of Fan et al. (2016) in our
system design. In this 2-dimensional model of affect in audio, two axes are: pleasantness
(equivalent to valence in human subject research) and eventfulness (equivalent to arousal).

Audio stimuli and Affective states: Previous research in the domain of audio stim-
uli and affective states showed that by varying pleasantness of the sound you can affect the
user’s ratings of arousal. Bradley and Lang showed that highly pleasant and highly unpleas-
ant sounds had higher arousal ratings, while the most memorable sounds are those with
high arousal (Bradley and Lang; 2000). Asutay and Västfjäll researched the relationship
between emotional reactions as described through activation (arousal)-valence scales and
the characteristics of sounds that are tones and noise complexes. Activation was related to
the tonal content and sharpness, whereas valence was associated with perceived loudness,
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roughness, and naturalness (Asutay and Västfjäll; 2012). Similarly, Tajadura-Jimenez et al.
(2008) researched the determinants of sound properties (physical, physiological, and spa-
tial) in regard to evoked affective responses and revealed the effect that the intensity of
sound, amplitude and frequency modulation, and the type of sound (natural, and artificial)
have on reported arousal. One of the relevant findings is that fast heartbeat sounds lead
to increased reported arousal, and as well, can enhance affective response of the presented
visual stimulus, if visuals and sounds are presented at the same time to a user. We are
tackling this idea by matching changes in affective audio to the changes in visuals. While
affect estimation in audio is a well researched area, there is no research done, to our knowl-
edge, on the application of affect estimation of audio systems in VEs. Moreover, we research
how changes in the audio and visual components of the VE triggered through embodied
interaction influence the user’s affect.

4.4 Pulse Breath Water, an immersive virtual environment
with affect estimation in sound

Pulse Breath Water (Pulse Breath Water.01 ) is an immersive virtual environment (VE)
presented to a user through a HMD and is manipulated by the pulse of a participant’s breath,
provoking and challenging the interaction between a user and the substantial element of the
VE: water. The user rises in the VE when breathing in and slowly sinks (underwater) when
breathing out. The interaction design follows the idea of “metaphoric” mapping (discussed
in the Section 2.2 in more details). The audio is generated in real-time by mapping the
eventfulness of the chosen audio samples to the frequency of the user’s breathing.

Our design approach relied on an autobiographical design (Neustaedter and Sengers;
2012) and iterative research through design process (Zimmerman et al.; 2007). The collab-
oration between the authors coming from HCI and generative audio field required iterative
design sessions during which a variety of mappings between a user’s breathing frequency,
visuals, and audio were discussed and implemented.

4.4.1 Interaction Scenario

In the design process, we reduced visual impact following the concepts of ambiguity and
abstraction. We decided to employ the user’s breathing in an interaction with the VE, in
a simple manner that empowered users to react to the system’s decisions in VE through
their breathing patterns. Users were comfortably seated, and we gave no instructions to
the users prior to immersion; rather we left it up to them to explore the VE. The sys-
tem recognizes subtle differences in breathing patterns, and reacts to changes in breathing
patterns by changing the audio quality and visual characteristics (e.g., the waves become
more calm as the breathing slows down). The system has its own behaviour that changes
in regard to the incoming breathing patterns of a user. This process could be understood
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as negotiation between a user and the system, in a play that prioritizes the user’s decisions
over the system’s.

4.4.2 System Description

The overall system outline is represented in Figure 4.1. Two breathing sensors (Thought
Technology Ltd.; n.d.) attached to the user’s abdominal and chest area stream breathing
waveform data to M+M middleware. M+M sends this data to a MAX msp patch. The
reactive agent generates the audio output using an audio corpus (a set of pre-recorded
audio samples). The reactive agent selects samples from its corpus using the mapping of the
frequency of the user’s abdominal breathing to the eventfulness of the audio samples. All
audio samples were previously labelled with a two-dimensional vector: average eventfulness
and average pleasantness using an affect estimation model proposed by Fan et al. (2016).
The reactive agent sends online affect estimation of the audio output to Unity 3D along with
breathing data via OSC messages. This data generates visual changes in the VE presented
to the user via HMD. The user listens to the audio environment with circumaural noise-
cancelling headphones.

Figure 4.1: The Pulse Breath Water.01 system architecture

Audio: Figure 4.2 shows the average affect values of each audio sample in Pulse Breath
Water ’s audio corpus. Each dot represents one audio sample. We created the audio corpus
by recording two, three, four, and five voice chords with quartile harmony on the piano.
Then, we used pitch shift and time stretch to generate more sounds. In particular, we used
these methods to generate an audio corpus that locates around neutral valence and neutral
to low arousal in the affective space. Following, we calculate the user’s abdominal breathing
patterns using the wavelet transform of the breathing data. In our implementation, the
wavelet transform has 24 bands. We map these bands to the highest and the lowest arousal
(eventfulness) values in our audio corpus. The reactive agent uses the band with the highest
power to choose an audio sample. Hence, we map the frequency of the user’s breathing to
the eventfulness of the audio. At any point, four audio samples are played together to
ensure that the affective state of the overall audio centres around the neutral arousal. The
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design decision to position the audio corpus in this area of affective grid arose from authors’
aesthetic tendencies. Our goal was to lead our users towards relaxing states, by introducing
audio low in arousal (in audio vocabulary of affect: eventfulness), and staying in neutral to
positive end of valence axis (pleasantness).

Figure 4.2: The audio corpus of Pulse Breath Water.01 mapped to 2 dimensional space
defined by arousal and valence axes

Visual: Virtual environment built in Unity 3D comprises of a scene that combines
interactive audio (generated independently via MAX msp patch) and the 3D element of a
body of water - an ocean (see Figure 4.3). The aesthetics of the scene is intentionally left
minimal, displaying the ocean and the sky in a range of gray-scale shades over time (see
Figure 4.4). Below the main level of the ocean, we positioned an additional ocean surface
in blue colour, to emphasize surreality of the scene. A fog that encompasses the ocean in
the distance adds to the ambiguity of the scene. We decided to implement these elements
in order to maintain a neutral atmosphere dictated by neutral valence and arousal levels
of the accompanying audio environment. This was based on the authors’ judgment and
several design iterations with informal user testing. The main design principle in designing
this environment was ambiguity to evoke engagement and thought-provoking. As Gaver
et al. (2003) argue, ambiguity in HCI and design of interactive artifacts is desirable for the
thought-provoking and engaging characteristics that it adds to the design. In Pulse Breath
Water.01, we aimed at employing an “ambiguity of relationship” (Gaver et al.; 2003) that
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engages users to project their own values and experiences in the process of meaning-making.
While meaning-making is not in the focus of the presented research, we find it to be a crucial
component in creating the experience of the whole scene, adding to the affective potency of
the environment.

Figure 4.3: Screen shots of the environment: left: calm ocean; center: aroused ocean; right:
under the water

Mappings: Breathing frequency as well as eventfulness (arousal) and pleasantness (va-
lence) levels of the audio environment are sent from Max msp patch to the game engine
Unity 3D. In Unity, the value of eventfulness is mapped to the waves of the ocean. Higher
aroused states result in a more disturbed ocean surface and waves. The colour of the sky
progresses from grey (at the beginning of the experience) to pitch black (at the end of a ses-
sion) over the span of eighth minutes. A participant’s breathing data controls the elevation
of the user in the VE in that, when the user breathes in, their position in the environment
is elevated so they can rise above the ocean surface. Similarly, when the participant exhales,
they sink.

Figure 4.4: Screen shots of the sky’s colour progression. Left: sky colour at minute 1; middle:
sky colour at minute 5; right: sky colour at minute 8

4.4.3 Pulse Breath Water.01 as an Art Installation

Pulse Breath Water.01 was premiered as an art installation in two collective exhibitions:
Scores + Traces at One Art Space in NYC, USA (March 10-12th, 2016), and at MUTEK-
VR Salon in Montreal, Canada (November 9-13th, 2016). During these two exhibitions we
gathered qualitative feedback from the audience, which we summarize here along with our
observations of the audience’s behaviour.
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Easing-into the environment Pulse Breath Water.01 was designed as a generative
piece without a clear beginning or end. The time that the users spent in the Pulse Breath
Water.01 varied from 5 to 20 minutes. The users usually spend the first few minutes explor-
ing the extremes of their breathing, to familiarize themselves with the system’s capabilities
through exaggerated belly movements while inhaling and exhaling. Interestingly, after a few
minutes of vigorous exploration, users would slowly ease–into the environment, and their
breathing would become slowly paced. This type of breathing would typically remain stable
until the end of each session (until the user decided they are done).

Meaning-making and re-evoked memories Even though we did not design Pulse
Breath Water.01 with any particular narrative in mind, the majority of users we spoke
to had their own interpretation of what the narrative was. Some of them constructed the
narrative, others re-lived some of their past experiences. We believe that a major role in the
meaning-making process is held by users themselves, who invest their “beholder’s share”
(Kandel; 2016). In other words, users respond to the ambiguity and lack of details by
projecting their own experiences and imagination relying on top-down processing (Kandel;
2016, p.58).

4.5 Methodology

4.5.1 Study design

In order to investigate the potential benefits of predictable, embodied interaction through
breathing on a user’s affect, enjoyment, engagement, and presence we designed an experi-
mental comparison of interactions using two versions of Pulse Breath Water.01 to support
two different experimental conditions: (a) metaphoric mapping; and (b) reversed mapping;

4.5.2 Conditions and mappings

The original piece, Pulse Breath Water.01, was modified to support two experimental con-
ditions that differed in interaction mapping between breathing frequencies and the changes
in the environment.

Condition 1: Metaphoric mappings: In this condition, metaphoric mappings of au-
dio and changes in VE are based on cognitive schema developed from everyday actions and
interactions such as “more is up, less is down” (Macaranas et al.; 2015). Metaphoric map-
pings are widely exploited in the design of everyday objects (sliders moved up to “ crank the
volume up”) because the underlying concepts are understood beyond conscious awareness.
For this reason metaphoric mappings of interactions are considered to be “intuitive” and
require unconscious effort (Macaranas et al.; 2015).

Pulse Breath Water.01 was originally designed following the logic of metaphoric map-
pings. The vertical movement of the participant in the environment follows the logic of “more
is up”: the more air you inhale the higher you move. When participants inhale they rise in
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the environments, and when they exhale they sink, similar to what happens when exhaling
when swimming. The exact position is depending on the amount of air inhaled/exhaled,
therefore the participant can be above the water (a big breath in), under the water (deep
exhale), or any place in between if they maintain shallow breathing. In this metaphoric
condition, we did not change the mapping between the respiratory interaction and the gen-
erative audio. We use the same mapping that we explain in Section 4.4.2 to generate the
audio output.

Condition 2: Reverse mappings In this condition, we reversed the metaphoric map-
ping in order to investigate how this might affect participants’ experiences in regard to their
affect, engagement, immersion and overall satisfaction. In this condition, when a participant
breathes in they sink, and rise when they exhale. This is a simple intervention yet clearly
observable by the participants. The waves of the ocean were still mapped to arousal level.
Moreover, we reversed the mapping between the respiratory sensor data and audio sample
selection. As the user breathes more frequently, the reactive agent chooses samples with
lower eventfulness; and vice versa.

Based on the above-mentioned cognitive schema and metaphor theory (Macaranas et al.;
2015) we hypothesized that interaction based onmetaphoric mappings will be more engaging
and will enhance the affective properties of the audio more than the reverse mapping con-
dition.

4.5.3 Participants

Twenty-four participants (16 female) were recruited using on-line participant recruitment
system, and randomly assigned to one of the two experimental conditions to start with.
Participants’ ages ranged from 19 to 58 (mean: 22.3, SD: 8.03). Majority of participants
have never tried VR before (14/24). All participants reported the good health condition
and normal vision.

4.5.4 Experimental setup

The experiment was performed in iSpace lab, SIAT, SFU. The participants were seated, one
at the time, in a dark room, at the computer station. Depending on their assigned experi-
mental condition, one of the two VE experimental conditions were presented on an Oculus
DK2 HMD (resolution 1080×960 per eye) and refresh rate of 75 FPS. The audio component
of VE was played on noise cancelling headphones. Participants wore two breathing sensors
(Thought technology) positioned on the abdomen and chest.

4.5.5 Procedure

Upon arrival in the lab, we informed participants that they are participating in an ex-
ploratory study in which we are interested in their engagement with the VE measured
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through assessed affect before and after, and additional questionnaires. Following, partici-
pants read written description of the study, and signed informed consent. The participants
were informed about their rights to withdraw at any point and instructed to report to the
experimenter any feelings of vertigo, nausea, or headache as they arise, upon which the
experiment would be terminated. Each participant completed two eight minute long ses-
sion (for example, condition 1: metaphoric mapping, and condition 2: reverse mapping).
The order of conditions was counter-balanced across participants. After each session, the
participants were interviewed.

4.5.6 Data collection

Before the experiment, the participants were asked to fill in the affect grid and state- trait
anxiety inventory -STAI-6 (Marteau and Bekker; 1992). After each exposure, the partici-
pants filled in the affect grid and STAI-6 again, without seeing their previous responses. In
addition, they were asked to answer a questionnaire containing twenty-one questions. Our
questionnaire is a modified version of the Game Engagement Questionnaire (Brockmyer
et al.; 2009) used for assessing levels of engagement through the lenses of four categories:
flow, immersion, engagement, and presence. Following, the participants were interviewed
and the interviews were audio recorded.

4.5.7 Data analysis

Data analysis was performed on the data from twenty-two participants. Data from two par-
ticipants had to be discarded: One participant experienced anxious feeling in the middle
of the first exposure and the experiment was stopped at that point. The other participant
did not report motion sickness as it occurred and rather continued, but was unable to com-
plete all of the questionnaires. Quantitative data was analyzed through inferential statistics,
as explained below in the Findings section. Interviews were transcribed and analyzed us-
ing a grounded theory approach. The deductive approach to coding originated from the
semi-structured interview questions that focused on the experience: feelings, thoughts, ac-
tions performed, attention, intentions, narrative, evoked memories, and difficulties of using
the system.

4.6 Quantitative findings

4.6.1 Questionnaire findings

A two-way within-subject ANOVA was run on a sample of 22 participants to examine the
effect of order and mapping on the different questionnaire items. Below we only report
significant main effects and interactions.
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Perceived reactivity of the environment to the user: There was a significant
main effect of order, in that participants perceived the environment as more reactive in
their second exposure, F (1, 40) = 2.95, p = .013, as illustrated in Figure 4.5 right.
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Figure 4.5: Main effect of order on the questionnaire dependent variables “I purposefully
used my breath to change the sounds and visuals” (left) and "The environment reacted to
me" (right). Error bars depict one standard error of the mean. Grey dots depict individual
participants’ mean values.

Users engagement to change the sounds and visuals: Participants purposefully
used their breath to manipulate the environment in their second exposure more than in
their first exposure F (1, 40) = 2.20, p = .016 (see Figure 4.5 left).

Paid attention to the audio: Participants paid more attention to the audio in
metaphoric as compared to the reverse mapping condition F(1,40) = 1.76, p =0.039 (see
Figure 4.6 left).

Desire for experience to last longer: There was a significant interaction between
order and mapping for the questionnaire item "I wish it lasted longer", F (1, 39) = 6.14, p =
.0177 (see Figure 4.6 right). Planned contrasts showed that after the second session par-
ticipants were more inclined to wish for a longer experience if this second session was
the metaphorically mapped condition (versus the reverse mapping condition) F (1, 39) =
5.56, p = .0233. If the metaphoric condition was experienced as the second session, par-
ticipants were also more inclined to wish for a longer experience than if the metaphoric
condition was experienced first, F (1, 39) = 5.22, p = .0278.
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Figure 4.6: Main effect of mapping on the questionnaire dependent variable “I paid my
attention on audio” (left) and interaction between order and mapping on “I wish it lasted
longer” (right). Error bars depict one standard error of the mean. Individual dots depict
individual participants’ mean values.

4.6.2 Affect Grid and STAI-6

A 2-way ANOVA for the factors order {baseline before the first session; after session 1; after
session 2 } and mapping {metaphorical; reverse} and the dependent variables arousal and
pleasantness scores from the affect grid did not show any significant main effects or inter-
actions. In regard to the six questions included in STAI-6, we found a significant difference
in baseline (pre-exposure) scores between the two groups (one group that was assigned to
metaphoric mapping condition first, and the other one that started with the reverse con-
dition), even though participants were randomly assigned to the two groups. Due to these
group differences we did not further analyze the STAI-6 results.

4.7 Interviews

The majority of the participants in our study were undergrad students with no prior expo-
sure to virtual reality. Through semi-structured interviews after each condition we hoped
to gather insights that will help us build a better understanding of how different interaction
mapping contributes to the affective properties of the environment, and overall experi-
ence regardless of the previous experiences with the technology. The themes from semi-
structured interviews served as a basis for the non-linear accounts of various experiences as
presented here.
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4.7.1 Exploring the unknown: phases

The majority of the participants verbally shared their excitement to try VR for the first
time. As we noticed, the first phase of interaction is exploration of their agency by breathing
in and out, testing the limits of the system (how high or low they can get), and familiarizing
themselves with the elements in the environment. After this exploration phase, they eased
into the environment.

“In the beginning I breathe in different levels so I can see how the image will move. After I
realized how it works, I tried different kinds of breathing. I tried even to go forward but I couldn’t.
Oh, at the beginning I was a little bit worried that image will be intimidating, but after I realized
it was ocean it was more relaxed. Then I tried different kind of stuff that didn’t work so I kept
breathing”. [P9]

4.7.2 Regardless of mapping, second trial is enjoyed more

The participants reported second trials as more enjoyable very consistently, regardless of the map-
ping. Even though participants were informed how the system works, they used their first trial to
familiarize themselves with the environment to allow for more profound interaction in the second
trial.

“This is my first time to try VR, in the first environment I felt... don’t want to say stressed...
maybe anxious a little bit, a little bit excited, the second time my perception was: ok, this is stuff I
already know, it’s like an old friend, I know what to expect, I know what should I do, observe... I
enjoyed it more the second time. [P1]
The lack of anticipation of a new environment one is immersed in resulted in increased relaxation
in the second exposure.

“The first time was like giving a toy to a child... this time I was enjoying the feeling of calm...
I wanted to take good relaxation time now” . [P2]

“The first time I was not sure what you would ask me, or what to expect... this time I knew what
was coming... There were some parts that were intense... but I was immersed in the simulation... I
knew nothing crazy is going to happen, I was more calm” [P14].

4.7.3 Metaphoric mapping feels intuitive, but reverse is more playful

Those participants who were aware of the differences in interaction mapping between two conditions
articulated their preferences for metaphoric mapping. The descriptions of the metaphoric mapping
conditions such as: intuitive, natural, and counter-intuitive emerged from participants’ comments,
and were usually linked to the themes such as relaxation, and being calm.

“I practised being at the water level, tried going down below blue waves, but you need a big breath
for that. The other one [metaphoric] felt more natural, I guess, because you breathe in and go up,
breathe out and go down, and this one felt weird because it is opposite” [P5].

“I feel much better than in the first one (referring to reverse mapping)... it felt so correct, when
I am in the water you exhale and go down... I felt more calmer than when I came in” [P2].
On the contrary, reverse mapping was perceived as more stimulating, engaging, and interesting.
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“They are both good for different (reasons): reflected more in the first one (metaphoric), in this
one I was more playful (reverse)” [P5].

“Not much different but felt more interesting, it was counter-intuitive” [P7]

4.7.4 Somatic experiencing: awareness of breath and emerging past ex-
periences through the changes in the environment

Visual representation of the ocean coupled with the movement often triggered memories in partici-
pants, followed by strong bodily sensations such as: floating, dropping, or even sensations that “...I
could almost feel, like being submerged under the water and then being brought back up... like if there
was an invisible wrapper, kind of like a real water but not as... kind of real water but at slower pace.”
[P14]

“It was exactly like when you go in the water, it had the feeling of being calm... it felt like floating
chamber... the idea is the same, idea is that water makes you feel calm, floating in the water” [P2]

“When I was learning to swim... they tell you to focus on your movement, and breathing... I
related that to this. What made me feel different was motion... I liked the first one (reverse), it made
me feel better... the second one (metaphoric) felt more like I was floating” [P4].
Few participants reported a heightened impact that the music had on their awareness of breath.

“I think it was music. Suddenly I felt like I can feel my heartbeat. The rhythm of the music... it
was in the parallel with my breathing, and that’s when I noticed (her breath) [P17].

“Oh, when the music gets excited I know something might happen, and then I wait for it happen.
Oh, I also breathe to let it happen more faster” [P9]. However, some participants experienced tension
in regard to audio they were listening to:

“I felt a heartbeat and then when it was music every time I went down... I felt dramatic effect to
it... so I was like: something is wrong, I should do something about it... it was triggering fear even
though I knew it’s VR... when the sky turned black, sounds triggered fear” [P3].

4.7.5 Loss of control triggers fear?

From the conversation with the participants we realized that those participants who did not make
a connection between their breath and the changes in the environment were more likely to get
distressed by audio or visuals.

“I tried to control my breathing... and then once the loud music started I kind of... can’t control
it any more, and I felt tense... I lost control of how I wanted to go down to the blue, and that’s while
loud music started to fade and I regained control... then I started to take deep breaths and started to
calm myself...” [P21]
Once the participants regained control over the system, their tension lessens.

“Fear doesn’t come to me this time, I felt I have a control over my body... to stay in one state,
tried to be at one situation... either above or down” (the second exposure, metaphoric mapping) [P2].

4.7.6 Imagine this was a tool...

During the interview, the participants were asked “If I tell you that what you just experienced is a
tool, what would you use that tool for?”. Two themes emerged as the most dominant: a relaxation
tool, and a tool for overcoming anxieties triggered by water.
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“I would use it for, like, calming people down... cause this probably can calm many people down
who are stressing about stuff... it gives you something to focus on, you are focusing on your breathing
and something in front of you, so it kind of distracts you from everything else... cause you think of,
if you start panicking, I guess, and you breathe really fast and go up and down like crazy, and then
you would be like: what’s happening in the world, and then your focus immediately is on the image
in front of you instead anything outside.” [P6].

“I don’t know... something to do with calming people down, when their heads are somewhere
else” [P5]

“Zoning out, not thinking about whatever is going in your head... If things were steady up the
water... I would feel more relaxed.” [P2].

4.8 Discussion
In this section we discuss the main findings from the presented study and our understanding of the
lived experiences of the participants. We asked the question: how can these environments change us
through embodied interaction design? And, how can an embodied interaction design that employs the
user’s subtle breathing movements facilitate these changes? and the answer lies between multiple
accounts gathered here. The richness of gained insights helped us to see a wide range of factors
that can affect the experience, and that we did not take into the account during the study planning
process. Finally, we discuss the insights as we formalize them into a set of design considerations for
embodied interaction design in VR.

4.8.1 Familiarity first, engagement after

Analysis of questionnaire responses highlighted that the participants perceived the environment as
more reactive to their input in their second trials, regardless of the mapping. We believe that this
can be explained by the novelty effect or lack of understanding of the system’s nuances. Even though
prior to each trial we explained how the system works, many of the participants did not make any
connection between their breathing and the changes in the environment in their first trial. This would
explain our second finding that the engagement of the user to manipulate the environment through
their breathing was higher in the second trial as well. Once they knew how the system worked they
engaged with it more. The dynamic of their familiarization was revealed in the interviews in which
the majority of the participants revealed that in the beginning they were exploring the environment
and testing the interaction limits, followed by easing into it and pacing their breathing in less forceful
and more pleasurable ways. Two participants were not aware of their agency at all. One reason might
be that these participants employ chest breathing more than abdominal breathing, which will be
explored in future work.

4.8.2 Tension and relaxation, at the same time

We investigated whether different mappings can lead participants’ affect toward an affect that
matches the overall affect of the audio corpus. The audio corpus was intentionally centred around
neutral pleasantness with a tendency towards positive pleasantness and neutral to low arousal (play-
fulness), positioning the corpus in the area of relaxed feelings on the affect grid. The inferential data
analysis of affect grid responses did not yield any significant differences between two different map-
pings nor trial order and the baseline. This might be explained by overall subtle changes in the affect
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across the sample. However, a few participants reported feelings of tension. From the interviews we
learned that many of them found the sky colour change from grey to black dreadful and this element
triggered anxious-like feelings in several participants. One participant finished the session after four
minutes claiming that the environment caused her distress and she was not able to continue. Other
participants who did not make the connection between their agency and the changes felt tensed too.
In these cases, the music was adding tension to the dark environment. Despite the reports of felt
tension, when asked what they would use this tool for, the majority of the participants responded
that they would use it for relaxation. Even though there were elements that were causing distress,
the participants recognized calming qualities of the system. This finding is of a particular interest
to our future work.

4.8.3 The context is the key

Originally, we designed Pulse Breath Water.01 as an art piece grounded in research questions we
asked here. As an art piece, we exhibited it in galleries where we verbally collected the experiences of
audience members who interacted with the piece. The majority of them recognized relaxing qualities
and would stay immersed up to 20 minutes. The quality of the experience dramatically changed
when we moved the setup from the gallery to the lab. The main difference was the expectation
and the openness to the experience. The audience in the gallery is there because they would like to
experience something new. Our participant pool consisted of fairly young undergrad students who
might be very different from those who initially experienced the piece in an artist gallery context.
The laboratory setting, no matter how we tried, still feels like the setting for an experiment rather
than an experience. This might have affected our participants’ responses and we find it to be an
important factor to be accounted in the future studies that employ art and research questions.

4.9 Conclusion
In this chapter, we introduced the system Pulse Breath Water and we investigated the efficiency of
embodied interaction design through two different mappings (metaphoric, and “reverse”) for enhanc-
ing affective properties of the system. This research encompasses two directions of affective research:
in VR and in the audio, combining them into one system in an attempt to gain a better understand-
ing of the combined effect of these two on the user’s engagement, affective states, immersion, and
overall experience.

In this chapter we contribute to a better articulation of affective properties of virtual envi-
ronments that combine visual and audio components into one system. We presented some of the
individual accounts of lived experiences and showed that the majority of the participants when
asked to imagine that this was a tool replied that they would use this tool for relaxation. We built
our system on the premise of neutral pleasantness and low arousal properties which can be translated
to feelings of being relaxed. This gives us a direction for future work to research the potential of the
system of inducing a wider range of affective states. We believe that the insights presented here will
bring us closer to the final goal of creating a system that not only “reacts” to a user’s breathing but
evolves into an immersive artificial intelligence system capable of taking initiative and changing a
user’s affective states.
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Chapter 5

Articulating Experience:
Reflections from Experts Applying
Micro - phenomenology to Design
Research in HCI

One of the main contributions of this thesis is to deepen our understanding of micro-phenomenology
method for unfolding fine-grained descriptions and structures of user experience, and potentials for
future application in HCI and design research. In this chapter, we introduce the micro-phenomenology
interview method used for elicitation and explication of finely-grained descriptions of the experience.
We illustrate this method through experiences of five selected experts who use the method in HCI
and design research and who we interviewed for the study published by Prpa et al. (2020). This
chapter also serves as a basis for the micro-phenomenology analysis presented in Chapter 7. Finally,
this chapter and Chapter 7 contribute to tackling RQ 3:How can we use micro-phenomenology
to access the experience with immersive Virtual Environment?

This Chapter presents content from the paper published by Prpa et al. (2020)

Prpa, Mirjana, Fdili-Alaoui Sarah, Schiphorst Thecla, & Pasquier Philippe (2020). Articulating
Experience: Reflections from Experts Applying Micro-Phenomenology to Design Research in HCI.
Proceedings of the ACM CHI Conference on Human Factors in Computing Systems, ACM, CHI’20.
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5.1 Abstract
Third wave HCI initiated a slow transformation in the methods of UX research: from widely used
quantitative approaches to more recently employed qualitative techniques. Articulating the nuances,
complexity, and diversity of a user’s experience beyond surface descriptions remains a challenge
within design. One qualitative method —micro-phenomenology— has been used in HCI/Design re-
search since 2001. Yet, no systematic understanding of micro-phenomenology has been presented,
particularly from the perspective of HCI/Design researchers who actively use it in design contexts.
We interviewed 5 HCI/Design experts who utilize micro-phenomenology and present their expe-
riences with the method. We illustrate how this method has been applied by the selected experts
through developing a practice, and present conditions under which the descriptions of the experience
unfold, and the values that this method can provide to HCI/Design field. Our contribution high-
lights the value of micro-phenomenology in articulating the experience of designers and participants,
developing vocabulary for multi-sensory experiences, and unfolding embodied tacit knowledge.

5.2 Introduction
The rapid development of the UX field (Robinson et al.; 2018) has drawn attention to design
research methodologies acknowledging the nuances and diversity of user experiences that arise from
either technology use or the act of designing it. After decades of HCI research practices that focused
on utilitarian uses of technologies and primary interest in usability and cognition, a paradigm shift
–3rd wave HCI – (Harrison et al.; 2007) brought more experiential and affective focus regarding
interaction. This shift has aligned the interest of the HCI community, designers, and researchers
beyond usability and optimization towards designing technologies “as experiences” (McCarthy and
Wright; 2004) and experience-centered designs (Wright, Wallace and McCarthy; 2008). Moreover,
interest in designing for the experiential body (Mentis et al.; 2014), embodied design (Fdili-Alaoui
et al.; 2015), felt experiences (Beuthel and Wilde; 2017; Welcome: Felt Experiences; 2015) and
somaesthetic interaction design (Höök; 2018) poses a new set of challenges in the quest for more
nuanced design of technologies. These challenges amplify the need for an in-depth understanding
and articulation of users’ experiences, as lived and felt, multi-dimensional, ever-present and
ever-changing phenomena (McCarthy and Wright; 2005, 2004; Wright et al.; 2003), comprised of
aesthetic, affective, embodied, tangible and intangible qualities. Yet these experiential qualities are
challenging to capture and design for.

How can we then further unpack all complexities of experiential content in the immense chal-
lenges that our contemporary technological landscape presents us without developing methods that
can address the dynamic spectrum of the experience? To address this question, a handful of HCI
researchers and designers have shifted towards a qualitative interview method for unfolding the
complexities of user experience: micro-phenomenology (M-P), as a way to “provide an open link
to empirically based descriptions” (Shear and Varela; 1999) of users’ experiences in greater detail.
Starting from the early 2000’s, micro-phenomenology has gained recognition within HCI through a
wide range of HCI/Design research studies that employed the method. In addition, 2 CHI workshops
focused on UX included micro-phenomenology in the workshop materials in 2010 (Blythe et al.;
2010; Light et al.; 2010) and 2012 (Cahour and Salembier; 2012). While this research from the
past 19 years has ignited discussions on how the micro-phenomenological method has performed in
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the context of those research studies, the overarching understanding of the nuances of the method
and its values for HCI and design through the lens of the subjective experiences of the researchers
who utilized the method has not yet been well-disclosed. Therefore, we identified and conducted
interviews with 5 HCI/Design experts who extensively used M-P in their research with a goal of
answering this research question (RQ):
What is the perspective of experts who used M-P regarding: 1. how they apply the method; and 2.
their opinion on the value M-P provides to HCI/design field.

Our contribution to HCI and design research is an in-depth understanding of micro-phenomenology
and its potential within HCI research and design as a method for eliciting fine-grained descriptions
and unfolding structures of experience. We accomplish this by revealing the subtleties of M-P in-
terview from the perspectives of five interviewed experts who use the method. We unpack the ways
in which these experts utilize M-P, revealing intricacies of commitment, reflection in action and
challenges that this method poses. We also identify possible directions for future use of micro-
phenomenology. These directions are: developing a vocabulary and insights of felt experiences; ex-
plicating tacit, embodied knowledge and processes that can be further used in pedagogical purposes;
and, employing micro-phenomenology in co-creation and participatory design activities. Moreover,
we argue that M-P can be used as a 1st person design method that designers can use for explicating
their design processes. In the following, we introduce M-P first, then we present a background for
this method, by briefly discussing the complexities of user experience and methods that are used to
unfold it, as well as present related work on applications of M-P in Design and HCI research.

5.3 Micro-phenomenology: the description
Micro-phenomenology is a qualitative, second-person interview for the research of first-person ac-
counts of lived experiences. The origins of micro-phenomenology as a descriptive phenomenology
method draw from Pierre Vermersch’s method – Explicitation interview (EI) (L‘entretien d‘explicitation,
sometimes translated as Elicitation interviews) (Vermersch; 1994, 2009; Vermersch and Maurel;
1997; Maurel; 2009; Light; 2006) for eliciting finely grained descriptions of experience and/or ac-
tivity (Cahour et al.; 2016). Vermersch trained a large body of researchers (e.g., Béatrice Cahour,
Ann Light, and Claire Petitmengin) who continue to develop the method. To that end, Petitmengin
extended this work by contributing an analysis method (Petitmengin et al.; 2019) to the interview
method under the new, overarching name “micro-phenomenology” (Petitmengin; 2006). While EI
relies on various qualitative data analysis methods (thematic analysis, grounded theory, etc.), M-P
data analysis follows its own set of predetermined actions and procedures. Finally, both EI and
M-P share the same objective which is to bring experiential content and processes, to our attention
including parts of the experience that the user might not have been aware of during the experience
(e.g., while reading a book, one might not be immediately aware of discomfort in their body as
their attention is on reading). Through careful questioning and prompting, the interviewer guides
an interviewee in unfolding all the complexities of experiential content in a chronological structure
of the experience and bypassing generalized typical post-hoc descriptions.

Singular experiences are the focus of the method– Singular experiences are lived expe-
riences (Petitmengin; n.d.) characterized by a particular time, location, and context in which they
happen. M-P is concerned with two types of singular experiences. Provoked experiences can be eas-
ily reproduced during the interview: for instance, the experience with a particular mobile application
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can be provoked by asking the interviewee to use the application, and then the interview follows
immediately afterwards. The other type – invoked – are not easily reproduced and the interviewee
chooses a singular occurrence of the experience from the most recent past for the interview.

5.3.1 Conducting a micro-phenomenology interview

For the descriptions of the experience to emerge, the interviewer stabilizes the interviewee’s attention,
guides them through the process of evoking the experience, and then directs their attention to a
particular dimension of the experience, by posing content-free questions to deepen the description of
the experience to the required level of precision. The detailed interview description with interview
excerpts can be found in the articles by Hogan et al. (2016) and Maurel (2009). Here we list eight
crucial steps in the M-P interview process as proposed by Petitmengin (2006):

1. Establishing the communication contract: The contract is a verbal agreement about when,
where, and how the interviewee and the interviewer will conduct the interview: the interviewer
explains the context and the aim of the interview, and how the questions are asked. Moreover, the
aim of this step is building trust and a safe space for the interviewee.

2. Stabilizing attention: The interviewer starts the interview by inviting the interviewee to revisit
their experience: “If you agree, I propose that you take the time, to let a moment come back when
you (a reference to the experience in question). Take your time, and tell me when you are ready”.
After the interviewee agrees, the interviewer proceeds to the next step.

3. Induction of the evocative state: The evocative state is a recall of the past experience while
being associated with it to the point that the interviewee becomes more present in the evoked
experience than in their immediate present environment (Petitmengin; n.d.). Evocative state is
elicited by inviting the interviewee to first describe the spatiotemporal context of the experience
(”Can you describe where did the experience take place? Was anyone else present?”), and then to
describe all the sensorial modalities present in the experience (“If you go back to the moment of
the experience, describe what do you see? Is there any sound, smell, feeling in your body?”) These
prompts help the interviewee evoke the experience, which is usually accompanied by embodied cues
(e.g., directing their gaze away from the interviewer, using hand gestures, shifting language to 1st
person (use of “I”), and using present tense (Petitmengin; n.d.)).

4. Shifting the attention from what to how: Once in the evocative state, the interviewer poses
questions in order to direct the interviewee’s attention away from descriptions of the content of the
experience (“what”) towards the act of perceiving and “how” this content appears in the experience.
Asking “how” allows the interviewer to unfold the dynamics and the descriptions of the experience.
The interviewer refrains from asking “why” questions as those elicit analytical judgments and ad-hoc
descriptions. Hogan et al. (Hogan et al.; 2016) provided an example of this from their interviews
about the moment when their interviewees finished reading data visualization. Instead of asking
“why”, they asked a “how” questions to elicit responses that lead to a greater insight about the
processes of how the experience unfolds. “Interviewer: ‘How do you know when you have ended?’—
Participant:‘Before I closed it down [...] I felt that if somebody was to ask me about the graph that
the graph told a bit of a story, and it is a story that I would try to retell.”’(Hogan et al.; 2016,
p.2582).

5. Re-directing towards a singular experience: The interviewer’s task is to look for the signs of
the evocative state (described above) and if they notice the disturbances they guide the interviewee’s
attention back into the evocative state. If the interviewer notices that the interviewee moved from
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the descriptions of the experience to generalizations, the interviewer can gently guide them back by
saying: “Could we go back to the moment when you were doing x?” (Hogan et al.; 2016).

6. Unfolding the dimensions of the experience: The finely-grained descriptions of the experience
that bypass post-hoc descriptions are obtained in phases. First, the interviewee is guided to unfold
the diachronic (dynamic temporal) dimension of the experience. This temporal dimension reveals
the phases and sub-phases of the experience, unfolded by the questions such as “How do you start?”
followed by “What do you do then” (Hogan et al.; 2016) and can be seen as a “container” of multiple
layered synchronic elements. Synchronic dimension is described by Petitmengin (n.d.) as a “specific
configuration of the experiential space (...) at a given moment of time...”. Synchronic elements are
then accessed and unfolded one at a time. To that end, the interviewer can ask then: “At that
moment when you do x, what do you do? Did any feelings/images/auditory cues arise, and if yes,
how?” (Hogan et al.; 2016).

7. Deepening the description to the required level of precision: To deepen and obtain fine-grained
descriptions of the specific synchronic/diachronic elements, the interviewer guides the interviewee’s
attention to them by posing non-inductive, “content-free” questions that refer to the structures
that the interviewee previously described. A similar approach to referring to and repeating the
interviewee’s exact words is known as mirroring in other interview techniques (Ferreira; 2014).

8. Bringing the interviewee back to the present moment: Finally, the interviewee is guided out
of the experience by the prompt: “Please take a moment to share if there is anything else you’d like
to share and then bring your attention to here and now.” The interviewees are encouraged to reflect
on the interview (Light et al.; 2010), which helps them to solidify their experience and also reflect
on the process of the interview. A full M-P interview typically takes between 30 and 60 minutes.

5.3.2 Micro-phenomenology data analysis

In the studies that utilized M-P interview method, the collected data was analyzed following a few
methods: thematic analysis (Hogan et al.; 2016; Petreca et al.; 2015), discourse analysis (Light;
2006, 2008), and grounded theory (Candau et al.; 2017; Françoise et al.; 2017). Petitmengin et al.
proposed a micro-phenomenology analysis method that unfolds the experience through capturing
descriptions and “generic” structures of the experience from lived, subjective accounts of the experi-
ence (Petitmengin et al.; 2019) that can guide researchers in creating hypothesis. We briefly describe
the main stages of the analysis process below, however a detailed description of the analysis method
is beyond the scope of this paper and can be found in Petitmengin et al. (2019).

The interviews are audio and video recorded. Video recording contributes to the process of anal-
ysis as it allows the interviewer/coder to observe the interviewee’s cues (the direction of the gaze,
gestures, speech slowing down (Petitmengin; n.d.)) as a possible indication of the evocative state.
Once the audio recording of the interview data is transcribed, the analysis process is done in four
stages (Petitmengin; 2006). First, because the experience is accessed a few times during the inter-
view, each time deepening the previous description, the descriptions obtained are not necessarily in
chronological order. Therefore, the first stage of the analysis is re-sequencing the descriptions into
chronological order. Second, the diachronic structure is analyzed, and phases and sub-phases of the
experience are identified. Third, for each phase, synchronic elements are identified (such as quality
of attention, inner states, bodily sensations, affect and emotions). These three stages of the analysis
are performed for each interview transcript. The final stage is to compare all descriptions across all
interview transcripts and draw a “generic” (generalizable) structure of the experience, considering

83



both diachronic and synchronic components of the descriptions. Finally, Petitmengin et al. pointed
out that identifying the “generic” structure of the experience has “important epistemological conse-
quence: it allows the reproducibility of analysis results” (Petitmengin et al.; 2019, p.11) and forming
hypothesis about the structure of the experience for further empirical study.

5.4 Background
In providing a background for M-P method, we discuss the notion of user experience first, followed
by the discussion on the methods for experience research. We conclude the background by discussing
how M-P was applied to a range of studies in HCI and Design.

5.4.1 Complexity of user experience

With 3rd wave HCI, the focus of UX research turned towards exploring and designing for experi-
ential dimensions such as intimacy (Pace et al.; 2010), somatic experience (Schiphorst; 2006, 2007),
enchantment (Ní Chonchùir and McCarthy; 2008), tangible magic (Xu et al.; 2009), affect and inter-
action (Bardzell et al.; 2009), and aesthetics of interaction (Wakkary and Hatala; 2006). Wright et
al. proposed the conceptualization of experience as a structure of four “inter-twined threads” (Wright
et al.; 2003). The first, compositional thread describes the narrative, actions, and consequences. The
sensual thread encompasses the nuances of different sensory modalities. The emotional thread is
constituted of affects and emotions. Finally, experiences unfold from actions “in a particular time
and place” which defines the spatio-temporal thread of the experience. Furthermore, the role that
our bodies play in shaping of the experience is recognized and explored within HCI as Embodied
Cognition framework (Kirsh; 2013). Similarly, Polanyi (2009) emphasizes the tacit dimension to
the experience, one that originates in and from the embodiment and previous experiences yet of
which we are not immediately aware, and that is difficult to articulate. While there is no unified
agreement on a finite number of dimensions that constitute the experience nor the theoretical foun-
dations of UX (Obrist et al.; 2012, 2011, 2012; Obrist, Wright, Kuutti, Rogers, Höök, Pyla and
Frechin; 2013), the UX field recognizes user experience as complex, multidimensional, holistic, and
context-dependent phenomena (Wright et al.; 2003; Bargas-Avila and Hornbæk; 2011; Pettersson
et al.; 2018) and shaped by the embodiment (Kirsh; 2013; Dourish; 2004).

Two surveys, from 2011 (Bargas-Avila and Hornbæk; 2011) and 2018 (Pettersson et al.; 2018),
revealed that the majority of analyzed UX studies explored user experience as a general construct,
allowing dimensions to emerge in the process of data analysis. While this less prescriptive, exploratory
approach to unfolding the dimensions of user experience pose a challenge of generating similar or
even overlapping dimensions, it also “supports new ways of thinking about experience” (Bargas-Avila
and Hornbæk; 2011) by allowing complex, nuanced descriptions of experiential contents to emerge
and lead to fresh insights.

5.4.2 Unfolding user experience

HCI’s growing interest and “a turn to experience” (Wright and Blythe; 2007; Bødker; 2006) to encom-
pass complexities of experiential accounts has brought about new kinds of questions to the research
focus of HCI (Harrison et al.; 2007). It also ignited critical discussions of methods, approaches, and
procedures that can support researchers in accessing holistic, multi-dimensional detailed accounts
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of the diversity of user experiences. To that end, Battarbee and Koskinen (2005) discussed three
approaches to user experience. The measuring approach addresses user experience in terms of finite
dimensions that can be reported on via questionnaires, or measured via physiological sensing and
then translated into dimensions such as affect or emotion. The empathic approach is user-centered,
focused on the complexity of the user’s values, aspirations, dreams collected in observations, textual,
visual, and self-documented data that serve as a basis for design. Finally, the pragmatic approach
to user experience conceptualizes the experiences as dynamic, situated, multi-dimensional, in con-
stant flux and that arise from the user’s (inter)actions with the environment. Among these three
approaches, Battarbee and Koskinen argue that the pragmatic approach recognizes and accounts for
an embodied, felt nature of experience (Battarbee and Koskinen; 2005).

The most recent survey on UX methods from 2018 (Pettersson et al.; 2018) lists self-developed
questionnaires as the most used approach (53%) followed by semi-structured interviews (46%). While
questionnaires have been the most used method in prior UX research (Robinson et al.; 2018;
Pettersson et al.; 2018; Bargas-Avila and Hornbæk; 2011), Light et al. (2010) among others, criticized
the tendency of UX researchers to translate complex, ‘lived’ experience into ‘calculable’ quantifiable
units by imposing pre-determined constructs on users through questionnaires and scales, which
limits the users to express fully the nuances of what they have experienced or even attempt to access
tacit dimension of the experience. Similarly, Swallow et al., argue that while reducing experiences
to a finite number of factors might be useful in experimental analysis, “qualitative data provides a
richness and detail that may be absent from quantitative measures” (Swallow et al.; 2005, p.92). To
that end, Bargas-Avila and Hornbæk (2011) showed that 81% of studies that focused on exploring
the richness of experiential content were conducted using qualitative research methods (rather than
focusing on quantitative measures and finite dimensions).

The most employed qualitative research methods for gathering verbalized accounts of experiences
are semi-structured interviews, focus groups, and open interviews (Bargas-Avila and Hornbæk; 2011;
Pettersson et al.; 2018). Yet, accessing one’s experience is challenging because, according to Petit-
mengin, “usually, we have only a very partial awareness of the way we proceed. And when we have
to describe these experiences, it is much easier for us to express “what we know, what we have heard
or read about them, than the way we have really lived them” (Petitmengin; 2009, p.8) (similar
to Polanyi’s concerns of inability to immediately access tacit dimension (Polanyi; 2009)). More-
over, translating one’s subjective experience into verbalized form and in precise detail that preserves
the subtleties and particulars of the experience from post-hoc descriptions requires an ability of
self-observation that is, in most of us, neglected (Schiphorst; 2009).

Finally, to aid a user in recollecting their experience as they “lived and felt them” through
self-observation, a handful of researchers turned towards micro-phenomenology - a descriptive phe-
nomenology interview method with epistemological commitments rooted in constructivism and in
congruence with embodied cognition framework (Valenzuela-Moguillansky and Vásquez-Rosati;
2019). This method facilitates the user’s self-observation processes to help acquire nuanced accounts
of their experiences in an empirical study. Wright and colleagues emphasized the value of micro-
phenomenology (Wright, Blythe and McCarthy; 2008, p.345) and other phenomenological study
methods and called for their further development and application. However, compared to other phe-
nomenological methods, for example, Descriptive Phenomenological Psychological Method (Amedeo
et al.; 2017) which has procedures to ensure that the analysis of data is free of the researcher’s biases
and preconceptions, M-P procedures are in place to ensure that the collected data is free of not only
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the researcher’s biases but also ad-hoc descriptions and rationalization of lived experiences that are
often added in the moment of the interview (Petitmengin et al.; 2019).

Interview Participant [Abbrevi-
ation] & Affiliation

Use of micro-phenomenology

Ann Light [AL]: Professor of Design &
Creative Technology (Engineering and
Design), University of Sussex

Insights into participants’ lived experiences of using dy-
namic websites Light (2006); Light and Wakeman (2001)
and associated mental processes Urquhart et al. (2003),
and the experience of receiving mobile phone calls Light
(2008)

Béatrice Cahour [BC]: Senior Re-
searcher at CNRS (National Centre of
Scientific Research) in Télécom Paris-
Tech (Institut Mines-Télécom)

Unfolding lived experience of: driving electric car with
limited autonomy, and of dynamic car-pooling mobile sys-
tem Cahour et al. (2013); Crèno and Cahour (2014), inter-
actions in virtual world meetings Dètienne et al. (2013),
performed activity in the context of ergonomics and HCI
Cahour et al. (2016), older users with auditory or visual
augmentation navigation devices Montuwy et al. (2018)

Marianna Obrist [MO]: Professor of
Multisensory Experiences in the Depart-
ment of Informatics, School of Engineer-
ing and Informatics at the University of
Sussex, UK and Head of the SCHI Lab
- Sussex Computer Human Interaction
Lab

Explicating participants verbalization of tactile experi-
ences Obrist, Seah and Subramanian (2013), taste expe-
rience that served as a knowledge resource for potential
’taste-enhanced designs’ Obrist et al. (2014)

Bruna Petreca [BP]: Research Fellow
in Human Experience and Materials,
Royal College of Art, London/UK

Revealing fashion and textile experts’ tactile experiences
in interaction with textile Petreca et al. (2015), Unfold-
ing of designer’s experience with textile selection in the
process of design Petreca (2016b)

Trevor Hogan [TH]: Lecturer in the
Department of Media Communications,
Cork Institute of Technology, Ireland

Explicating user experiences of data visualization Hogan
et al. (2016) and across different modalities Hogan et al.
(2017)

Table 5.1: HCI and design studies done by interview respondents that utilized M-P/EI from
2001 until 2018: Interview respondents are in bold font

5.4.3 Micro-phenomenology in HCI and Design Research

While the range of HCI studies that utilized M-P since 2001 has varied, these studies share the same
rationale for utilizing M-P: a lack of robustness of other methods to capture the nuances and com-
plexities in the unfolding of experience on a moment to moment basis. Light and Wakeman applied
M-P to capture experiential data and improve design of early websites (Light and Wakeman; 2001),
and mobile phone technology (Light; 2008). Dètienne et al. (2013) used M-P to understand the role
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of Second Life as a communication media and interactions in virtual world meetings. Articulation
and verbalization of sensorial experiences were in the focus of Obrist et al.’s application of M-P to
elicit participants’ tactile (Obrist, Seah and Subramanian; 2013) and gustatory experiences (Obrist
et al.; 2014) that served as a knowledge resource for ’taste-enhanced designs.’ Crèno and Cahour
(2014) explored the lived experience of trust building in the context of carpooling. Even cognitive
processes such as the sense-making of information visualization are tied to experiential facets, such as
affect, that in turn impact decision making, as demonstrated by Hogan et al. (2016) who introduced
M-P to the primarily quantitative driven field of data visualization. The same authors also used M-P
in the research of auditory and haptic modalities for data representations (Hogan et al.; 2017). In
design, a turn to M-P helped Petreca to unveil designers’ decision making in the process of textile
selection and access their tacit, embodied knowledge (Petreca; 2016b; Petreca et al.; 2015). More
recently, M-P was used in the research of interactive and immersive designs. Candau et al. (2017);
Françoise et al. (2017) employed micro-phenomenology to unfold the nuances of interacting with
an immersive audio installation designed to elicit kinesthetic awareness. In virtual reality research,
Batras et al. (2016) used M-P to understand human-to-virtual agent interaction and hand gestures.
Knibbe et al. (2018) used M-P to understand the experience of exiting virtual reality. Finally, Prpa
et al. (2018) used M-P to reveal mechanisms of how virtual environments can support the elicitation
and cultivation of breath awareness.

5.5 Expert Interviews
Recruitment Selection: We investigated the use of M-P by interviewing 5 HCI/Design experts
(further referred to as ‘respondents’) who met the following criteria: 1. they had been formally trained
in M-P (explicitation interview), and 2. they had utilized it in multiple studies (2+) and rigorously
followed the method procedure. We interviewed 4 of them over Skype and one over Whatsapp.
We sought diversity in their expertise: our respondents come from diverse backgrounds of data
visualization, ergonomics, psychology, textile design and information science. Table 5.1 provides a
list of the experts we interviewed and descriptions of the research studies in which they utilized M-P
within an HCI and design context.

Interview method: We conducted semi-structured interviews and piloted the interview ques-
tions within our research group. Questions asked respondents about their beginnings with M-P,
what led them to the method, how they heard about it, when and where they had been trained.
These introductory inquiries were followed by questions on how they utilize M-P and how often,
their interview process, how they sample participants (participants referred here as ‘M-P intervie-
wees’), what data they collect, and how they analyze the collected data. These questions provided
a format for the interview; however, the interview questions sometimes diverged from the list when
respondents raised new insights or interesting points about the topic. The interviews lasted between
45 and 90 minutes.

Data Collection and Analysis: All interviews were audio recorded and transcribed. We used
nVivo12 software to analyze the data by coding the transcripts and to then draw out the themes.
While the results indicate a substantial overlap of the themes in the respondents’ accounts, our goal
was to elicit fresh insights coming from the practice that have not been mentioned in the literature
to date.
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5.6 Results
Here we present the findings of respondents’ experiences with the M-P interview method. While the
interview method and data analysis method hold equal importance in constructing the epistemologi-
cal framing of the results, due to the scope of this chapter, we focus on the respondents’ descriptions
of the interview component of M-P. The discussion of the insights about data analysis is left for
future work.

5.6.1 Micro-phenomenology interviews as a practice

The interviews unfolded the complexities of micro-phenomenology interview regarding the need for
distributing interviewer’s attention between the questions asked, the bodily cues in interviewee that
signal if they are in the evocative state, and the quality and level of precision of the descriptions.
It was stressed by our respondents that micro-phenomenology interview is a technique that requires
both: the experience of being interviewed and a regular practice of interviewing.

1. Reflection in action: from training to insight
All respondents expressed a profound interest in M-P, and as some of them described, they felt the
method made sense for what they are trying to achieve but this came only after they have been
subject to M-P interview themselves. Hogan shared an anecdote of how the experience of being
interviewed with this method turned his skepticism into an awareness of the potential of the method
to evoke the details of the experiences he had no recollection of previously: “Claire did a 5 min
interview with me, and she said to me (...) ‘think of a very memorable moment in your life and I
am going to use the technique to bring you back to that moment and try to make you aware of things
that you were not aware at that time’. So I was like ‘yeah try, you’ll never gonna be able to do this’.
(...) and I said ‘OK, I picked the moment of when my first child was born, the first time I saw her...
And, she did the interview with me for 5 minutes, and to this day I’ll never forget the feeling I had
goosebumps everywhere, I was now aware of things, I am now aware of kind of the emotions,
and aware of actual practical things I’ve done in 2 to 3 minutes around the time that [the child’s
name] was born, that I had no memory of previously. And now I have that memory, that’s
when I was just completely sold [on using MP]”.[TH]

While all respondents received training in conducting M-P interviews, they all agree that formal
training is just the first step towards a successful use of the method. The M-P interview require a
particular way of paying attention to the interviewee and asking questions that are free of content.
Some respondents noted that a development of confidence was required in order to start conducting
interviews directly following their training. Petreca shared that in the first year following the training
she lacked confidence and continued practicing. Hogan shared a similar experience: “After I learned
how to use the technique, I spent nearly 1.5 yrs practicing the technique before I ran a study...I
must have ran maybe 200 interviews, that have never been or never will be published, just for myself,
to train how to use the technique (...) because it’s not the normal, natural way of interviewing
anyone,(...) nor normal way of talking to anyone, so you have to get your frame of mind right in
order to use the technique”.[TH]

The importance of practice research paradigm has been recognized (Dourish et al.; 2004; Kuutti
and Bannon; 2014). Sometimes a researcher’s participation as an interviewee in M-P helped them
to elicit the process they are studying and gain a better understanding of what their study required.
Petreca’s experience of both, interviewing and being interviewed led her to an understanding that
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answering her research question encompassed two processes each requiring a separate interview:
“because I understood how my own experience worked, something clicked, and I understood that I
had to have two interviews in my own study”.[BP]

The more practiced the researcher becomes through a continuous practice of the method, espe-
cially M-P’s questioning style (that is, content free questions), most of the respondents argued that
it got carried beyond the use of M-P to inform how they conduct other studies. As Light pointed
out, M-P: “stayed with me as a way of working. I think it has informed other ways, other things
that I do, the way I interview even though there is something very particular about Explicitation that
is not like the normal interview...but I do think that possibly the questioning style is actually
sort of being absorbed in the way that I work. ” [AL]

2. Attending to the flow of the interview and the interviewee
Micro-phenomenology interviews require the interviewer to focus their attention on the participant
as they unfold the experience through carefully crafted questions, and at the pace of the interviewee.
Three of the respondents described how they prepare just before the interview. Light described
the self-preparation process as “not even necessarily thinking about what I’m going to be talking
about or what’s going to happen...just clearing out everything that would be in the way, so it’s a
similar process, clearing the space for them and then clearing the space for me to focus entirely
on them” [AL]. Petreca does focusing and presence exercises that help her get “into the zone, right
state” [BP]. Similarly, Cahour’s preparation is focused on attaining a particular state of mind “to
be calm and open-minded, and not in a hurry, and...to be prepared to be attentive, listening
calmly and attentively” [BC].

Once the interview has started, the interviewer’s attention is on the unfolding of the experience
and the logical progression of questions. Petreca mentioned how aware she is of “every question
that I ask [because it] needs to build on everything that I understood until that point” [BP]. This is
challenging in part because the interviewers are simultaneously paying attention to the participant
and their cues of evocation which indicate the “flow” of the interview: “there is a certain flow. I
don’t how to explain it...it is really true that these cues from the body of the person, they really
work...and when there is no sudden break, the interview just flows and you see that the questions
lead to something else, and then...yes, it really does feel like you are going deeper. For me, I have
this feeling of going deeper into something.” [BP] Similarly, Obrist described what it looks like when
the participants are not in the evocative state which can be evidenced by rationalizing their answers:
“It’s because of the nonverbal cues you are getting back...It’s exactly because of the way they look at
you, and the way they are trying to answer the question, also the type of answers they are giving
you. It’s more an abstraction than really trying to get them into the details. It becomes very much
rationalization from their side.” [MO]

The interviewee directs attention also to the quality of the description of experience they are
getting in the moment. Sometimes, poor descriptions are the result of interviewee’s inability to
evoke a singular experience. Instead, they speak from a generic perspective that encompasses a few
similar instances of the experience. The interviewer’s role is to recognize when that happens and
re-direct interviewee’s attention towards one particular instance of the experience. In the study on
the experience of textile selection (Petreca; 2016b) Petreca encountered difficulties when she asked
the participants to remember one instance of their textile selection process and then interviewed
them on that (invoked experience). The accounts she was getting from those participants “were just
going everywhere and really going generic. For me, it was really hard to go deeper” [BP]. This might
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be due to particular processes that the participant undertakes regularly when selecting the textile,
and in the case of invoked experiences, a few instances of previous experiences were conflicting
(choosing one particular experience is crucial). Petreca solved this by provoking the experience: she
preselected 6-7 textile samples and created a brief for the participants. The participants were told
“this is the situation you have to design for and here are the textiles” [BP], and asked to select one.
Immediately after they picked the textile, Petreca successfully interviewed them to learn about the
selection process.

5.6.2 Conditions under which experiential descriptions unfold

All respondents recognized the importance of the space and the context in which the interviews
take place for the quality of descriptions that emerge. In this section, we describe the respondents’
opinions on the context and setting for micro-phenomenology interviews.

Context under which the experiences are evoked Petreca’s concern is about lab studies of the
experiences that do not typically occur in the lab. Her point was about the physical, immediate
context in which the experiences are provoked: “I wonder [about] all of these studies around art
experience...For me it’s very tricky when you take art, the art piece out of the gallery, [and] take
it to a lab. And you ask people to experience and interview them about this art piece outside of the
gallery...Because experiencing in the lab or in the museum or art gallery is completely different.” [BP]

Sometimes, the act of provoking experiences out of the typical context can impose challenges
and undermine the research question. Light provided an example of a study she did in which they
investigated a user’s motivation during their interaction with the websites. Light instructed the
participants on what to do and then she conducted interviews. Light reflected on their process:

“I had people saying, for instance, ‘Oh and then I thought, does she want me to do this and does
she want me to do that’, and, at that point where I am getting that kind of a comment it makes
it a rubbish process, because it’s not natural for them to think that...There is no way in a normal
situation they would be wondering whether the interviewer wanted them to do this or that. It’s not
about that. You know, if I was interested in their motivation, I was not asking something that was
meaningful, because the motivation was obviously entirely about me, and the whole point in the sense
of doing elicitation is to get away from the motivation of being in the interview and pleasing the
interviewer. [M-P] moves them back in to the space where they are actually able to think about their
own experiences...So it was completely wrong then to have a task that brought them in relation to
me so profoundly”.[AL]

Spatial setting and the qualities of interviewing space: The respondents conducted M-P interviews
in various locations: in their labs, in the participants’ homes or offices, and public spaces. Cahour
mentioned that one of her postdoctoral students interviewed a participant in the car, immediately
after they passed some of the places that were the subject of the research study. This decision was
due to urgency to conduct an interview right after the experience happened. Respondents noted
that public places are not desirable because it is hard to control the environment, noise being the
main reason for failed interviews. Two respondents, Petreca and Cahour, mentioned how they tried
interviewing at a café but failed due to distractions to the participants caused by the noise of the
dishes, people chatting or moving around. Cahour described: “it was the problem of concentration of
the person, it’s distractors, it distracts the person from what she is saying and what the interviewer
is asking. So she [the participant] is more distracted by or the noises people entering and going...It’s
more difficult to keep the person in this state of evocation.” [BC]
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Petreca tends to visit textile designers in their offices/work spaces and conduct interviews in situ
to preserve the context for the experience that is more realistic than lab settings. Light makes sure
that the space “had to be set up in a particular kind of way, and if it couldn’t work that way then it
would have to be in another room, because it really did have to have [particular] characteristics.” [AL]

While the locations of the interviews can vary, the respondents agreed on the characteristics
that the immediate environment must allow the participant to get into an evocative state. The
space needs to be quiet, free of distractions, noise or people passing by. The most desirable setup of
the space is such that it allows participants to direct their gaze away from the interviewer, and that
where their gaze is directed is clear of any distractions. Obrist shared her experience of conducting
a study (Seah et al.; 2015) with astronauts at the Mars Desert Research Station in the desert of
Utah. The only place that was available for the interview was a greenhouse which she did not have
control of, other than being able to set up the seating in a particular way. While the greenhouse was
pleasant, it wasn’t ideal for conducting M-P interview, and Obrist wonders whether this space itself
contributed to the participants’ difficulties in reaching the evocative state.

5.6.3 Micro-phenomenology values for HCI/Design research

In the interviews, the five respondents shared not only how they use micro-phenomenology but also
where they see the values of the method and potentials for using it their future research. From the
interviews, we discovered a range of values that micro-phenomenology poses to HCI/design research
mainly focused on unfolding tacit, embodied dimension of experiential content and design processes,
articulating it and finding vocabulary for this newly found knowledge.

5.6.3.1 Accessing the depth of experience

All respondents expressed that their interest in M-P was initiated by the limitations of the existing
methods’ capacity to allow them to ask the questions they wanted to ask [AL], which one respondent
described as if “hitting a wall” [BP]. Respondents also repeated that commonly used interview
methods provided insufficient, impoverished descriptions of experiences where there was more to
explore. For example, Hogan had been using the RepGrid technique (Bell; 2003), that helped him
find constructs — characterizing labels of experiences— but those findings revealed little about
the complexities of experience beyond their labels: “We were getting really interesting results with
the RepGrid study but they weren’t deep enough. They were just first level experience. And I really
wanted to get deeper level experience but I knew I wasn’t going to get that just from typical interviews,
and I thought that explicitation interview technique would complement what I was getting with the
RepGrid” [TH]

In the design context, M-P was used when it was clear that descriptions and observed unfolding of
the experience did not fully align. Petreca shared: ”it was a mismatch between what they [participants
in the study] articulate and all of the things they do that I was seeing...so, I was looking at something
that will help me to get to the experience, which is...the things that designers say...I would say ‘how
did you get to choose this textile?’ - ’It just feels right.’ So it’s really that part of the experience
that remains unarticulated” [BP]

Similarly, Obrist turned to M-P during her work on haptics asking: “how can we actually help
people to verbalize those experiences...because I really wanted to help people describe tactile
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experiences, like mid-air haptics, how it feels, how it is changing, to get as much detail
as possible” which they were not getting with other methods available at the time.

5.6.3.2 Articulating and verbalizing tacit dimension of the experience and em-
bodied knowledge

The value of embodied, tacit knowledge has been recognized and valued in HCI (Kirsh; 2013; Schus-
terman; 2012; Höök et al.; 2018). However, the challenge is how we unfold, share, and teach such
knowledge within HCI/Design field that often stays unnoticed and obscured by explicit actions of
what one does. Petreca investigated design decision-making of fashion designers, in particular how
they choose the fabric. She noticed nuances of small, quick actions that the designers did but were
unaware of when asked about it. Petreca described one instance of such action:

“Most of the designers fold very quickly the fabric between the fingers and then I would asked
them ‘when you do that what do you do and what happens?’...And actually it is that they know
with their body the distance between the base of the sewing machine and the press, the foot with
the needle. When they fold the fabric and rub it quickly like this, they know if that fabric is going to
be too thick to go under the machine...” [BP]

When participants are asked to evoke the experience of performing a task in a micro- phe-
nomenology interview, they are often pleasantly surprised by the articulation of actions that now,
become part of their understanding of how they do certain things. Petreca shared: “My
participants got so wowed. They were really excited, especially more matured ones, they were like ‘I
have been doing it for 40 years and I never knew that this was how I do it’ ” [BP]. Hogan experienced
the same: “I’ve had the experience of people hugging me after the interviews, saying ‘thank you’, sit-
ting down with you saying ‘Oh my God, now I know how I use data visualization, like the most
mundane thing you can ask someone to talk about, certainly they had a completely new perception
of how they use it...and it’s kind of like a form of training for them.” [TH]

Eliciting embodied processes benefits not only the M-P interviewees’ understanding of how
they do things, but also allows researchers to apply this understanding in pedagogical purposes for
teaching novices or students how to embody and grasp design processes they are not familiar with.
Petreca describes how the gap between meaning and making can be decreased through “creating
instructions based on these [M-P] questions’, like these inner actions that we have, if I can turn
them into actions that I can suggest as practices that people can nurture. And, maybe this is almost
like pocket training to how to do [design]”[BP].

Petreca also demonstrated how M-P can be used to unpack the nuances of skilled designers, by
guiding them in articulation and verbalization of their experiences and design processes that can be
then taught to novices. Petreca shared the experiences of her students after they performed some
of the embodied design processes that were previously obtained from the verbal accounts of a more
skilled designer: “I had a lot of feedback from students saying ‘it’s almost like we bring together the
thinking and the making’ and I am like ‘but why did we ever split them?”...That is interesting because
we did [split them], we do teach textiles a lot with numbers, and it becomes such a distant thing when
actually it is their language when they became fashion designers.” [BP]

5.6.3.3 Developing vocabulary for intricate experience design

Obrist’s interest in micro-phenomenology focuses on the question of how this method can be used to
develop a vocabulary that will not only describe the experiences but will aid designers in creating, for
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example, multisensory HCI (Obrist, Seah and Subramanian; 2013): “For me the biggest opportunity
around using this method is to establish the language or vocabulary around how we can
describe sensory experiences in such a way that we can also use them in the design of new
interaction experiences. How designers come up with the language which they can use, similarly we
can use visual interface elements. So we can talk about color spaces, we can talk about tactile spaces
or the olfactory space, so that you can not just refer to the top level of an experience, but you actually
go much deeper and you also take into account how it is changing over time, how is it unfolding.
And this unfolding is not just a simple thing but you can actually take a part in it...I think it’s
the richness of the descriptions people are giving. And you then try to abstract, which will help us
move towards multisensory HCI for instance, which will help us understand each other when
we are talking about something, and then the opportunity to further link this language to concrete
parameters, physical parameters.” [MO]

5.6.3.4 Involving the subjects in co-creating process

Petreca described the process of co-creating the costumes for and with the dancers (Petreca; 2016a),
by interviewing them on the experience with a particular choreography. In embodied design for
movement, observing movement experience has been a valued method that leads to design insight
(Fdili-Alaoui et al.; 2015). In this context, Petreca utilized micro-phenomenology to facilitate dancers’
self-observation and their insights — the descriptions of the experience — were then used to design
the costumes:

“It was mostly the experience of the movement that the dancers had, and then from the descrip-
tion that they had I tried to make it(...) if they would say, for example, ‘this movement that I am
doing I really feel the weight of my hips.’ So with that I would ask ‘How do you feel that weight?’
And then they would say something, and then I would continue... I didn’t have any intention when
I was interviewing but then when I was reading the interviews I was like ’Ok, how can I translate
this? What could I do to almost expand this sensation and make it material with the costumes?’ So
if you look at the costumes individually, they are very individual. It was the first time that I did a
costume design that was not a unified concept because I really wanted to [design for] each subject
and develop with them. It was a really interesting outcome, I never saw dancers more happy because
they almost felt they did it themselves.” [BP]

5.6.3.5 The communication contract and ethical consideration

The beginning of the interview is crucial for the participants’ sense of trust and comfort and is a
requirement for a successful interview. The sense of safety and trust must be established between
the interviewer and the participant because the evocative state can bring to the forefront profoundly
personal and intimate details of the experience. This holds as especially important in work with
sensitive groups. The role of the contract at the beginning of the interview, is to assure the interviewee
that they may at any time refuse to answer a question, and possibly stop the interview. The contract
is regularly renewed throughout the interview through interventions such as "if you agree, I would
like you to go back to the moment when...".

Failure to establish the communication contract often results in difficulties with eliciting the
evocation of the experience or incomplete descriptions. Light mentioned that she heard from a few
researchers who tested the method but concluded that micro-phenomenology “doesn’t work”. Yet
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Light noticed that those researchers did not establish contracts with their participants prior to
the interview, a critical gateway to creating trust and safety with the participant. Petreca sees the
contract as an opportunity to explain what the project is about and make gathering rich descriptions
of their experience a common goal that the participants can care about.

“I think the contract is so important...because it does feel like you are accessing this intimate
space suddenly...so it feels like you are both discovering something. Every time that I had these
interviews that were like ‘wow’ that was really a good one, it was as if we were both discovering
something, like the things really reveal themselves for the first time...there was this feeling of almost
a dance that leads you into this understanding.” [BP]

5.7 Discussion
In this chapter, we have introduced the micro-phenomenological interview method and presented
the first-person opinions of 5 HCI/Design researchers who extensively used M-P. Our findings con-
tribute to the HCI discourse on methods for user experience research by sharing the unique and
complex personal insights of the experts through our qualitative analysis of their responses. Our
findings indicate the importance of training and developing the practice of interviewing, and the
role that context and setting play in accessing the evocative state and delivering detailed accounts
of the experience. In the following discussion, we are focusing on the findings most salient for the
HCI/Design community. Our discussion draws upon the Micro-phenomenology as a practice and
provide a discussion about Who is micro-phenomenology for based on the insights we collected from
the interviews and our own experiences with the method.

5.7.1 Micro-phenomenology interview as a practice

Our respondents shared that to conduct successful M-P interview, the interviewer should have a
prior experience of both, being a M-P interviewee and as well have some prior practice in conduct-
ing M-P interviews. As indicated by our respondents, the training in M-P is just a first step towards
establishing a regular practice. This practice requires not only learning how to pay attention to
posing content-free questions, but also developing the capacity to distribute attention between the
interviewee and the signs of the evocation of the experience (nonverbal cues), the quality of descrip-
tions that emerge, and logical progression of questions. While we observe that one of the values that
M-P provides to a researcher is the development of observational and attentional skills, we find also
that this practice brings about empathy, humility, and requires the researcher to “let-go” of a need to
control the direction of how the evoked user experience and the descriptions of it unfold. As indicated
in our results, the interviewer starts the interview in a particular state of attentiveness, calmness,
and open-mindedness and entirely focused on the interviewee. By gently guiding the interviewee in
unfolding the experience, the interviewer stays mindful of the progression of the experience, and in
a way “re-lives” the experience that unfolds in front of them through the descriptions that they are
getting. In this process, the interviewer takes upon a secondary role, listening and learning from
the interviewee but also actively participating in the emergence of the descriptions by guiding and
re-directing the interviewee’s attention.

In the context of qualitative social research, M-P complements the methods (along with Kauf-
mann’s Comprehensive Interview (Kaufmann; 1996)) that diverge from rigid interviewing format.
This new paradigm shift in qualitative research acknowledges the participation of both the inter-
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viewer and the interviewee in interaction that determines “experimental situation” (Kaufmann;
1996) out of which discursive data emerges (Ferreira; 2014). Therefore, the role of the interviewer
in M-P is not neutral nor invisible; furthermore the outcome of the interview depends on the skill
of the interviewer to intervene and gently re-direct the interviewee’s attention away from generic
experiences towards the singular instance of the experience to ensure the quality of the descriptions.
This dynamic is essential, and is agreed upon in the communication contract before the interview.
Finally, these values that develop through practice of M-P interviews are not restricted to M-P
only, we see it as values that any research or method can benefit from. As some of our respondents
mentioned, these qualities once developed, stay and inform new perspectives on researcher’s role in
the interview process.

5.7.2 Who is Micro-phenomenology for?

Versatile method for different stages of research – Unpacking the nuances of experiences or design
processes and experiential, tacit knowledge can be facilitated in M-P in two ways. First, critical inci-
dents (Butterfield et al.; 2005) or past pivotal experiences can be explored by M-P interview (these
are invoked experiences). This exploratory research phase leads to data for design consideration,
or framing research questions. Second, in the generative and evaluative phases, M-P interviews can
be employed for better understanding prototypes, design processes, and final designs. In this case,
the experiences are provoked in direct interaction with the design, and participants are interviewed
immediately right after. Data collected can be used for design analysis or design guidelines. In case
of longitudinal studies, or research questions that (as in Light’s case) can be easily biased by direct
requests posed by a researcher, the users can be asked to interact with the design when they decide,
and remember or even write significant experiences that they would be later interviewed on. Use of
M-P in exploratory, generative and evaluative research presents one approach to bringing thinking
and making together. It gives insight and experience solidification to the interviewees, and provides
value to further application in design research.

5.7.3 Micro-phenomenology can be used as a first-person method for ex-
plicating one’s own design processes

– Not only can M-P help researchers understand the practices of others, but Light mentioned that
Vermersch used this method in his work “to clear peoples blockages to get them thinking differently.”
One of the advantages is that researchers/designers can employ M-P to understand their own experi-
ences and design processes. Neustaedter and Sengers (2012) emphasized the value of autobiographical
design research that is “design research drawing on extensive, genuine usage by those creating or
building the system” (Neustaedter and Sengers; 2012). Höök et al. discussed their 1st-person work
on soma designs that embraces the processes of attending to bodily, felt, somatic experiences when
designing for the body (Höök et al.; 2018). They proposed a few methods for “becoming aware”
(Depraz et al.; 2000) and “turning attention inward”, towards exploring soma as a resource for de-
sign (Höök et al.; 2018). Similarly, Schiphorst emphasized somatic awareness (awareness of breath,
tactile and kinesthetic experiences) as a quality that can be cultivated through design (Schiphorst;
2007, 2011). Such work engages the designers as well as the users. The designers can use M-P to
elicit and capture experiences of using the system from the prototype phase and understand their
design decisions over time, including capturing their felt, bodily experiences by using M-P for self-
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observation. Such documentation can offer a valuable source of knowledge to others in the field.
Similarly, Neustaedter and Sengers (2012) emphasize the importance of keeping explicit records
of the use and changes, and micro-phenomenology can support that through a rigorous empirical
method for detailed and experiential understanding of the design process.

Combining micro-phenomenology with other methods constitutes a greater range of insights –
Our data revealed that our respondents reached to M-P to further deepen the understanding of
the user experience, beyond what the methods available to them could provide. But, how can one
know that there is more to it than what is immediately available? Polanyi describes it as the tacit
knowing of the researcher, their “intuition”, that there is more to the person’s experience than what
the person can immediately tell (Polanyi; 2009). To that end, in our results we reported on Hogan’s
experience of deepening the descriptions that he was getting through RepGRid (Bell; 2003): “It is
like digging down through someone’s experience, and the RepGrid will let you reveal things in upper
few levels of the Earth’s core...and then micro-phenomenology will let you get down deeper...I always
run the micro-phenomenology studies last...so I let RepGrid open up some issues, open up thought
processes that don’t give me any underlying meaning behind them, and then I probe them further
with M-P.” [TH]

This vignette opens a space for future consideration of how M-P can be used in mixed methods
research studies that will employ M-P with other qualitative and quantitative methods. The value
of a pragmatic, mixed methods approach (Burke and Onwuegbuzie; 2004) is recognized in user
experience research. Triangulation approach is found in the majority (72%) of analyzed UX
studies (Pettersson et al.; 2018). This survey showed the trend of not only mixing methods but mixing
collected data type (e.g., qualitative and quantitative). This kind of data triangulation has been
embraced in regard to M-P too. Prpa et al. (2018) discussed the use of a mixed methods approach
to validate users’ accounts by pairing descriptions from the M-P interview with physiological data
of breathing and matching them as they unfold in a timeline. Similarly, Depraz et al. (2017)
triangulated heart activity data with the descriptions of the experience to gain insights into the
nature of the descriptions (descriptions as a result of affective processing, or activation of cognizing
mechanism). These are just two ways out of many other possibilities of how amixed methods approach
can contribute towards the increased validity of users’ accounts and support the development and
application of micro-phenomenology in more quantitative data-oriented research within HCI/Design.

5.7.4 Final thoughts on micro-phenomenology interview method

This chapter seeks to respond to the needs, challenges, and complexities of our contemporary techno-
logical landscape by providing a closer understanding of a method used for unfolding multiple facets
of experiential content and design processes in the context of HCI/ Design and technology use. Our
aim is not to advocate for M-P over other methods but to contribute to the ongoing discourse on
UX methods. Furthermore, our aim is to present aspects of M-P that have never been disclosed
in the literature so far and let the readers decide on the value of it for their research endeavours.
Based on our findings from our expert respondents we argue that such a need for a discourse on
qualitative methods still exists in the fields of UX research and HCI/design field. To that end, M-P
can contribute to bridge the gap between the design process and holistic accounts of user experiences
of technology use or designing the technology.

The need for training and maintaining the practice is one of the biggest challenges of the method
that is often raised. However, mastering any method requires a researcher’s dedication, time, and
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practice (Chenail; 2011). Valerie Janesick emphasizes the importance of the practice in qualitative
research: “In qualitative work, the fact that the researcher is the research instrument requires that the
senses be fine-tuned. Hence, the idea of practice, on a daily basis, sharpens the instrument” (Janesick;
2015). While mastering M-P requires commitment, it offers many potentials. Our findings indicated
that M-P could provide value to multiple stakeholders. Firstly, HCI/Design field at large can use
various aspects of M-P interview for unpacking explicit but also tacit knowledge and experiences
that cannot be easily observed in 3rd-person approaches, or even articulated when self-observed.
These are usually experiences that engage different sensory modalities that often lack the vocabu-
lary to be expressed and designed for. Designers and researchers interested in embodied interaction
and design, soma(aesthetic) design, auto-biographic design or design concerned with bodily, felt
experiences and tacit, embodied knowledge can benefit greatly from using micro-phenomenology.
Moreover, M-P could provide value to commercial UX processes as well, but further recommen-
dation of such application requires an in-depth assessment of the commercial UX landscape and
presents opportunity for future work. Secondly, the interviewees benefit from newly emerged un-
derstanding and articulation of their experiences. Thirdly, mastering the M-P interview method
through maintained practice leads the interviewer to embodying subtleties of asking content-free
questions. Such cautious questioning style reduces the researcher’s bias in the structure of posed
questions (Chenail; 2011), develops humility and empathy, all thus contributes beneficially to the
other inquiry-based research methods. We recognize that each M-P practitioner lends a set of values
developed through their diligent practice, and as a next step we would like to conduct M-P inter-
views with M-P practitioners to unfold the nuances of their M-P interview practice that is tacit,
embodied, and yet undisclosed.

5.8 Conclusion
In this chapter, we introduced the micro-phenomenology interview method for gathering diverse and
finely-grained descriptions of user experiences, to answer the challenges posed by our contemporary
technological landscape with empirical rigor. A handful of researchers utilized M-P in the context
of HCI/Design research, yet their experiences with the method have not been presented to date.
We bridge that gap by presenting interview findings from experts who have been formally trained
in M-P and have been actively using the method. We highlight challenges and possibilities for the
method to advance and discuss the findings that have the most promise to further HCI research.
Our intent is to open a discourse on M-P as a robust phenomenological approach to unfolding more
profound descriptions and structures of user experience.
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Chapter 6

Attending to Breath: Exploring
How the Cues in a Virtual
Environment Guide the Attention
to Breath and Shape the Quality of
Experience to Support Mindfulness

In this chapter we present the design of second iteration of the Pulse Breath Water system –(Pulse
Breath Water.02)– and the study we conducted to answer RQ 2: Do immersive virtual envi-
ronments support eliciting breath awareness and regulation, and if so, how? (see RQs
in section 1.2). We collected and analyzed breathing data, and the results indicate that immersion
in Pulse Breath Water.02 can change participants’ breathing patterns towards regulation. Further-
more, we were also interested in answering RQ 2.1. What is the mechanism of eliciting breath
awareness that leads to breath regulation in Pulse Breath Water, an immersive virtual
environment? To that end, we conducted micro-phenomenology interviews and the thematic anal-
ysis of the interview data, and in this chapter, we present the findings that directly answer to RQ 2.1.

This chapter presents modified content from the paper published by Prpa et al. (2018). The modi-
fication to the content presented in the paper is the addition of quantitative data in Section 6.6.1.

Prpa, Mirjana, Tatar Kivanc, Françoise Jules, Riecke Bernhard, Schiphorst Thecla, & Pasquier
Philippe (2018). Attending to breath: Exploring how the cues in a virtual environment guide the
attention to breath and shape the quality of experience to support mindfulness. In Proceedings of the
2018 Designing Interactive Systems Conference (pp. 71-84), ACM, DIS’18.
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6.1 Abstract
Busy daily lives and ongoing distractions often make people feel disconnected from their bodies and
experiences. Guided attention to self can alleviate this disconnect as in focused-attention meditation,
in which breathing often constitutes the primary object on which to focus attention. In this context,
sustained breath awareness plays a crucial role in the emergence of the meditation experience.
We designed an immersive virtual environment (iVE) with a generative soundtrack that supports
sustained attention on breathing by employing the users’ breathing in interaction. Both sounds and
visuals are directly mapped to the user’s breathing patterns, thus bringing the awareness researched.
We conducted micro-phenomenology interviews to unfold the process in which breath awareness can
be induced and sustained in this environment. The findings revealed the mechanisms by which
audio and visual cues in VR can elicit and foster breath-awareness, and unfolded the nuances of
this process through subjective experiences of the study participants. Finally, the results emphasize
the important role that a sense of agency and control have in shaping the overall quality of the
experience. This can in turn inform the design specifications of future mindfulness-based designs
focused on breath awareness.

6.2 Introduction
An increasing amount of our daily interactions in the world are mediated by digital technologies.
With the rise of ubiquitous computing, an increasing number of our actions are measured, stored
and quantified. Smart-phones and wearable technologies track our location, social interactions, and
physical activity. The rise of these technologies for the ‘quantified self’ (Wolf; 2010) often focuses
on increasing our productivity by tightly monitoring our actions in the world. However, the more
we focus on these outward uses of technology, the less we experience an embodied self (Turkle;
2011). Yet, there are opportunities beyond quantification. By designing technologies “as experiences”
(McCarthy and Wright; 2004) and by minimizing distractions and bringing focus on the self, we can
move toward improving the quality of our interactions and quality of life (Calvo and Peters; 2014).

In this context, a growing thread of HCI research investigates how embodied approaches to
interaction design can support an increased attention to the self (Schiphorst; 2009b; Höök et al.;
2016). From this body of work, we have focused on designs built upon the concept of mindfulness,
defined as “the awareness that emerges through paying attention on purpose, in the present moment,
and non-judgmentally to the unfolding of experience moment by moment” (Kabat-Zinn; 2003).
Our work builds upon mindfulness-based design evolving around the practice of focused-attention
meditation (FAM) (Lee et al.; 2012). FAM is a practice of sustaining focused attention on one,
”primary”, object of attention (internal, such as breathing, or external, such as a candle light).
Focused attention on breathing is a widely accepted practice that aims at cultivating a sense of
being present with a demonstrated impact on well-being. Engaging in breathing exercises influence
cognition, memory, and emotional processing (Jerath et al.; 2015; Zelano et al.; 2016; Philippot et al.;
2002), and decreases anxiety and stress (Jerath et al.; 2015), even in a young population (Khng;
2016).

A large number of mindfulness-based designs are built upon nuances of FAM with a focus on
breathing. Mindfulness-based design can be used to guide a user’s attention to breath, for example
through Virtual Environments (VEs) that employ breathing cues (Shaw et al.; 2007; Prpa et al.;
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2015). Despite a significant number of mindfulness-based designs that guide the attention to breath,
our understanding of how breath awareness is elicited and how the design of VEs can sustain the
user’s attention on breath are still limited. This is what motivates the research effort presented here.

In this chapter, we investigate how a continuous interaction between breathing patterns and a
virtual environment can induce and support the breath awareness of users. Our inquiry is motivated
by the preliminary findings in Prpa et al. (2017) that showed the potential of the VE and interaction
design to elicit and sustain the user’s awareness of their breathing. Hence, our goal in this study
is to better understand (1) how the users of the Pulse Breath Water system become aware of their
breathing in a VE without verbal guidance during the interaction, (2) how the cues in the VE
can support sustained attention on breathing, and (3) gain a deeper understanding of the actual
experience of becoming aware and sustained awareness of one’s breath. To answer these research
questions we (1) built the Pulse Breath Water system, and (2) propose an empirical qualitative study
employing micro-phenomenology interviews (Petitmengin; 2006).

6.3 Background
6.3.1 Mindfulness-Based Design

The third wave in HCI (Bødker; 2006) brought the embodied approach to interaction (Dourish;
2004) to the forefront by acknowledging the importance of the embodied experience in sense-making
of the experience. A number of design approaches position the body at the center of a user’s expe-
rience. For instance, Somaesthetics designs cultivate an aesthetic appreciation of bodily experience
(Schusterman; 2012; Schiphorst; 2009a). Somaesthetic Appreciation design gives rise to the experi-
ence through guided attention inwards, to the self; excluding external distractions and making space
for somatic awareness to arise (Höök et al.; 2016). Yet another concept, Somatic Connoisseurship,
demonstrates how “body-based awareness skills” can be utilized in experience design and designing
for the experience of the self, by building upon somatic phenomenology and first-person practices
for self-awareness (Schiphorst; 2011).

The designs we focus on are built upon mindfulness principles and encourage a shift of attention
inwards, towards bodily sensations, in order to support well-being and self-regulation processes
(Brown and Ryan; 2003). Mindfulness has been defined as a state of being non-judgmental and
present in the moment-to-moment unfolding of the experience (Kabat-Zinn; 2003). Mindfulness-
based designs aim to bring one to the state of mindfulness through various approaches. For example,
Zhu et al. (2017) recognized four approaches to designing for mindfulness: Digitalized mindfulness
that is a digital equivalent to guided meditation; Personalized mindfulness that addresses personal
preferences regarding mindful meditation; Quantified mindfulness that is built upon applications
that offer real-time sensing and feedback; and Presence-in and Presence-with approach that goes
beyond tools and offers a way of mindful being rather than doing.

The most common mindfulness-based designs take the form of a mobile application (Chittaro
and Vianello; 2014) that tackle mindfulness from different angles: mobile applications that guide
a user to distance itself from troubling thoughts (Throw your worry away!; 2011), foster mindful
walking through ambient sound generated from walking and breathing patterns (Chen et al.; 2015),
applications that serve as mindfulness meditation timers (Lotus Bud Mindfulness Bell on the App
Store; 2012), applications for didactic guided meditation sessions (The Mindfulness App; 2012), or
applications that integrate mindfulness principles within a broader framework such as acceptance and
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commitment therapy (Ahtinen et al.; 2013). Beside mobile and computer applications, mindfulness-
based designs have taken on the form of audio installations - Sonic Cradle (Vidyarthi and Riecke;
2013; Vidyarthi et al.; 2012), virtual environments (Guided Meditation VR; n.d.) - The Meditation
Chamber (Shaw et al.; 2007), RelaWorld (Kosunen et al.; 2016), Sanctuarium (Downey; 2015),
PsychicVR (Amores et al.; 2016) and more recently, mixed reality environments - Inner Garden
(Roo et al.; 2016).

6.3.2 Focused-Attention Meditation

Mindfulness practices encompass various approaches to bringing the user’s awareness to the present
moment. A growing number of mindfulness-based designs revolve around the practice of focused-
attention meditation (FAM) (Lippelt et al.; 2014; Lutz et al.; 2008). In FAM a practitioner shifts
their attention from external stressors to internal sensations such as breathing (Reese; 2017), and
is considered the most widely accessible practice among novice meditators (Lutz et al.; 2008).
Practicing sustained focused attention on breath has been shown to reduce stress and improve well-
being (Khoury et al.; 2013). Most importantly, FAM fosters interoceptive awareness, an ability to
receive and attend to the signals originating in our bodies (Farb et al.; 2015; Hölzel et al.; 2011),
which is shown to not only improve attention task performance but as well contribute to emotion
regulation (Doll et al.; 2016; Mehling; 2001).

6.3.3 Designs for Breath Awareness

How can we support the meditation community with technology (Derthick; 2014) is an open-
end question that is explored within the HCI community from many different angles. We focus on
designs that “facilitate mindful moments” of being present and self-aware by directing the user’s
attention to their breathing (Reese; 2017). We review systems using multi-sensory feedback to
support mindful reflection, by “bringing unconscious aspects of experience to conscious awareness”
(Sengers et al.; 2005, p.50). Many designs for breath awareness have been proposed in HCI (Sliwinski
et al.; 2017). Sonic Cradle (Vidyarthi and Riecke; 2013) was designed for cultivating mindfulness
through a soundscape in which sounds are triggered by breathing. BrightBeat (Ghandeharioun and
Picard; 2017) was designed for cultivating calmness and focus through utilizing screen brightness with
breathing patterns and audio feedback to guide a user towards intended breathing. SomaMat and
Breathing Light demonstrated a different approach to mindfulness through breathing by emphasizing
breath-related somaesthetic qualities through light and heat feedback (Ståhl et al.; 2016).

Specifically, we focus on Virtual Reality (VR) as an “embodied technology” that can support the
user’s attention to bodily sensations using the sense of immersion and presence (Riva et al.; 2016).
By employing audio-visual cues to breath as another representation cue, VR can provide a sensory-
augmentation dimension that supports the user in focusing attention on breath. Because immersion
in VEs minimizes external distractions, VR is a promising medium to support mindfulness practice
and elicit breath awareness (Sliwinski et al.; 2015; Reese; 2017).

Different approaches to designing for breath awareness and FAM in virtual reality have been
proposed. In Solar (Prpa et al.; 2015), breathing and electroencephalography (EEG) data are
mapped to the elements in the virtual environment that provides audio and visual cues and is
presented on a desktop screen. Guided Meditation VR (Cubicle Ninjas.Virtual Reality Meditation;
2016) and JunoVR (Juno VR; 2017) immerse the user in a VEs that resemble nature and uses audio
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instructions to guide the user’s attention to breathing. Similarly, abstracted natural environments are
used as a design element in: Lumen (Lumen VR meditation; 2016) that employs guided meditation
and gaze interaction for navigation through an enchanted forest; Life Tree in which the growth
and liveness of the tree are controlled by the user’s breathing rhythm (Patibanda et al.; 2017),
and in Deep which depicts an underwater fantasy world which the user navigates by deepening
their breathing and adjusting to a slow pace (Van Rooij et al.; 2016). Other applications employ
continuous – and potentially ambiguous – feedback to guide the users’ attention. The Meditation
Chamber (Shaw et al.; 2007), provides biofeedback in a VE using multimodal data – breathing,
electrodermal activity (EDA), and blood volume pressure – along with guided instructions, and
presented on HMD. Similarly, in Strata, breathing, heart rate, EDA, and brain activity determine
the visuals and the audio of the virtual environment depicting five different worlds unified into a
single experience (Du Plessis; 2017).

However, while some of these applications are built upon the gamification paradigm (Johnson
et al.; 2016), and often include guided meditation as an invite to the experience, our interest is in
the experiences that can guide user’s attention to breathing through the cues in the environment.
Therefore, our approach does not involve any guided meditation instructions, nor have we intended
for our VE design to be a game. Our focus is on VR applications presented on immersive HMD and
without verbal guidance into the practice. Hence, we designed Pulse Breath Water as a generative
environment in which the events are determined by breathing pattens and the system’s decision (by
AI agent), where the user’s breathing is employed as one and only modality for the cues in the iVE.

Despite a significant number of mindfulness-based VEs that support breath awareness, there is
still a lack of a deeper understanding of how specifically breath awareness is elicited through different
cues and interactions in VR. In this work, we aim to get a detailed understanding of user experiences
of a particular design using micro-phenomenology interviews. Our design employs breathing data
in a continuous audio and visual feedback in the virtual environment. The complexity of the visual
elements is kept minimal to minimize dispersion of attention. The immersiveness of the medium
contributes to decreased external distractions and an ability to elicit body sensations and direct
attention towards one’s breath, supported by generative audio that responds in real time to the
changes in breathing patterns.

6.3.4 Micro-Phenomenology: A Methodology for the Study of Experience

To understand the subjective experiences of the participants, we chose micro-phenomenology, an in-
quiry method developed by Petitmengin (Petitmengin; 2006;Micro-phenomenology; 2020) upon Ver-
mersch’s Explicitation interviews technique (Vermersch; 2009). The objective of micro-phenomenology
is to obtain explicit descriptions of singular experiences as they unfold in a larger, chronological
structure of the experience, bypassing generalized typical post-hoc descriptions.

For the descriptions of the experience to emerge in the interview, the interviewer and the inter-
viewee use a precise communication-protocol as a tool for mediating the first-person point of view of
the interviewee through the second-person position of the interviewer. The interviewee accesses the
experience retrospectively following the guidance of the interviewer who takes a role of a mediator.
The interviewer’s role is to guide and stabilize the interviewee’s attention, guide them through the
process of evoking the experience, and then direct their attention to a particular dimension of the
experience. Once the interviewee’s attention is stabilized and they are in an evocative state – a state
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of re-living the experience – the interviewer guides the interviewee in deepening the description to
the required level of precision.

Micro-phenomenology and Explicitation interview have been explored in HCI context in the past.
Light (2006) discussed the explicitation interview in the context of gathering experiences of using
websites (Light; 2006) and receiving mobile phone calls (Light; 2008, 2009). Hogan (2015) used the
method to gather the users’ experiences of data representation. Françoise et al. (2017) utilized the
method to evaluate the system they built for kinesthetic awareness while the same method was used
by Candau et al. (2017) to explore how interaction informed by somatic practices and embodied
cognition contributes to cultivating kinesthetic awareness. To our knowledge, while the interest in
micro-phenomenology to understand user experiences is growing, no published research has used the
methodology in VR.

6.4 A virtual environment designed to support breath aware-
ness

Pulse Breath Water system was initially created as an artwork (Prpa et al.; 2016) that evolved
and doubled into a research instrument over time. We undertake a research-through-design (Gaver;
2012) approach, and design iterations are informed by the exploratory studies we conduct.

6.4.1 Interaction Scenario

The main design premise is that the events in the virtual environment are determined by the breath-
ing patterns. Deep slow breathing triggers slower, more sustained movement on the up/down-axis,
allowing users to observe, reflect, and position in a particular part of the environment. Sustained
breaths allow for staying in a place, while fast, strong breaths cause erratic movement. Metaphoric
mapping (Macaranas et al.; 2015) of movement allows for interaction that is easy to understand: on
the participant’s inhale, the position of the participant rises in the environment, and on the exhale
they sink, just like when submerged in water. In our VE, the respiration data guides the audio
generation in the affective space. The eventfulness of the audio is mapped to the appearance of the
waves in the ocean. More eventful breathing generates more eventful audio that then generates a
more disturbed ocean surface and increased waves. The element that depicts the passage of time is
the sky that changes color from light gray to pitch black within a span of 6 minutes.

6.4.2 System design

Our design brings together three components: (1) A respiration sensor and respiration analysis
module that drives (2) an immersive virtual environment (displayed on Oculus Rift SDK2), and (3)
a generative sound environment. The novelty of the system, compared to other VR systems presented
above, is in the generative audio and the AI agent that determines the events in the environment
based on eventfulness of breathing that, to our best knowledge, have not been utilized so far in iVE.

The overall system outline is represented in Figure 6.1. One respiration sensor (Thought Technol-
ogy Ltd.; n.d.) attached to the user’s abdominal area streams respiration data to M+M middleware
(Movement and Meaning; n.d.) to MAX MSP 1 patch. The audio is generated by an autonomous

1https://cycling74.com
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agent that selects samples from the audio corpus according to the frequency of the user’s breathing.
All audio samples are tagged with different eventfulness properties using a state of the art music
emotion recognition algorithm (Tatar and Pasquier; 2017). The overall eventfulness values of the
audio environment is sent to the 3D game engine Unity 3D 2 along with respiration data via OSC
messages. This data generates visual changes in the VE presented to the user via HMD. The user
listens to the audio environment with circumaural noise-canceling headphones. A second respiration
sensor was placed around the chest, and was used for data collection and as a reference, however
chest data was not employed in the design.

Figure 6.1: The Pulse Breath Water.02 system design

6.4.2.1 Musical Agent: listening and responding through sound

Musical agents are artificial agents that automatize musical tasks. The hybrid musical agent generates
the audio environment using the patterns of the user’s breathing: slower subtle breathing triggers the
agent to play less eventful sounds, and vice versa, faster deeper breaths result in the agent playing
sounds that will be perceived as more eventful. The audio corpus contains piano recordings of musical
chords that do not create musical tension and resolution. These recordings are further processed so
that the origin of the recordings are not clear to the listeners. The recordings are all labeled with
vectors with two dimensions: average pleasantness and average eventfulness based on Music Emotion
Recognition algorithm (Tatar and Pasquier; 2017). Using Music Emotion Recognition, the agent
maps the breathing to the eventfulness of audio samples to create an interactive sonic environment.

We apply signal processing to the respiration data using a wavelet transform. The wavelet
transform outputs 24 frequency bands and these bands are mapped to the audio corpus’ eventfulness
range. The pleasantness range of the audio samples are substantially smaller than the range of
eventfulness. The agent applies a random walk on the pleasantness dimension to create variations on
the sample selection. The agent uses the generated eventfulness and pleasantness values to choose
samples from the audio corpus. The selected sample is played by one of four playback engines of
the agent.

In addition to piano sounds, a wave-table synthesizer (Roads; 1996) is used to generate a
heartbeat-like sound controlled by the speed of user’s breathing: the pulsation sound in the au-
dio environment slows down as the user’s breathing slows down. The interaction between the user

2Unity 3D: https://unity3d.com/
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and the audio environment is further enhanced by introducing a low-pass filter. As the user breaths
in and out, the timbre of the audio environment oscillates between a muddy, low-frequency promi-
nent audio environment and a full-spectrum audio environment. This also enhances the submersion
feeling associated with being under the virtual water surface in the virtual environment (see section
below Virtual Environment: ART and Ambiguity of relationship as an invitation to the experience).

Lastly, the agent applies Music Emotion Recognition algorithm to estimate the eventfulness and
pleasantness of the generated sonic environment. The estimation algorithm is the online version of
the estimation algorithm that is used to label the audio in the agent’s memory. The output of online
affect estimation is a vector with two dimensions: eventfulness and pleasantness. These values are
further used to control the parameters of the virtual reality environment.

6.4.2.2 Virtual Environment: ART and Ambiguity of relationship as an invi-
tation to the experience

Immersive environments can positively affect the user’s attention, which was explained by Kaplan in
Attention Restoration Theory (ART) (Kaplan; 2001). ART focuses on the correlation between type
of stimuli and restorative potential of nature environments (Kaplan; 1995). The environments with
stimuli that modestly capture attention are preferred over the stimuli that elicits mental fatigue
and cognitive overload, and the design of our system relies on this principle. We used Unity 3D to
generate the environment and 3D elements of a body of water - an ocean. The aesthetics of the
scene is intentionally minimal, displaying the ocean and the sky in a range of gray-scale shades.
The use of color is minimal. Design of elements in the VE is informed by the concept of beholder’s
share (Kandel; 2016) in which the user’s previous experiences guide the process of meaning-making
of ambiguous stimuli. The ambiguity of visual stimulus encourages an interpretative relationship
between a user and the environment (Gaver et al.; 2003). In particular, ambiguity of relationship
(Gaver et al.; 2003) between the user and the visual stimulus evokes users to project their values
and experiences in reflection and meaning-making. For example, the ambiguous environment can
be perceived as frightening and anxiety-inducing by one person or calm that elicits relaxation and
peaceful feelings in other, building upon each person’s previous real life experiences with real-life
environments. Finally, continuous breathing patterns allow users to control the environment and
curate their own experience.

Respiration data from an abdominal sensor controls the user’s position in the environment.
After initial testing, we decided to include movement on a vertical axis because the movement on a
horizontal axis (along the ocean surface) was inducing motion-sickness. The mapping was informed
by metaphoric mapping (Macaranas et al.; 2015) built upon cognitive schema of “more is up, less
is down (for example)”. The more the participant breathes in, the higher in the VE they will go.
We limited the height to which participants can move to prevent falling down from a high distance
as that was reported as anxiety inducting by pilot participants. The eventfulness level is mapped to
waves on the ocean surface: more eventful audio will cause more excited waves, and vice versa.

6.5 User Study: understanding personal experiences through
micro-phenomenology

We conducted an exploratory study investigating how audio and visual cues mapped to breathing
in the VE give rise and support to sustained breath awareness. The study aims to understand the
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Figure 6.2: Duration: phase 1 (1 min) starts off with light gray sky and a stationary user’s
position above the ocean surface level; Phase 2 (4 min) is when the breath to movement
mapping in the VE is activated and the user is moving along the vertical axis according to
their breathing; the sky colour progresses from gray to black; Phase 3 (1 min)- the user is
stationary again, and the only difference between this and phase 1 is in the colour of the
sky

experience of becoming aware of breath, and the nuances of the system that either support or distract
a user in attending to self and becoming breath-aware. The participants were introduced to the VE
following a four-part protocol described in more detail in Section Protocol (below). The insights are
induced using micro-phenomenology interviews (Petitmengin; 2006) after each completed session.

Artwork as a research instrument The initial design of our system was built upon the idea
of a real-time generated piece, without narrative, end or beginning. To allow for gradual transition
to and out of the environment that would enable us to inquire about the process of eliciting breath
awareness, we iterated the system previously created as an artwork Pulse Breath Water (Prpa et al.;
2016) and added three phases. In the first and the last phase (phases 1 and 3) (see Figure 6.2), the
user has a stationary position above the ocean and is presented with the cues of their agency through
an audio environment. In the second phase, the user’s agency is reflected not just through the audio
(as in phase 1, and 3) but also their breathing controls the vertical position in the environment,
moving the user above the ocean’s surface with breath in and below the surface with breath out.
The third phase is the same as the first phase, and the user is back to the starting position above
the water while exposed to the cues of their breathing through the audio.

Designing 3 phases allowed for a variety of cues of the user’s agency in the VE that could have
influenced different mechanisms for eliciting breath awareness that we aimed to reveal in the inter-
views. The main points of interest were the switches between the phases in which the user’s breath
started impacting the environment (first reflected through audio cues in phase 1, then increasing the
agency in phase 2 by adding movement cues, and then decreasing agency in phase 3 by presenting
the audio cues only).

The length of the phases was determined in a pilot study conducted with 6 participants. The
criteria was to find the balance between the time that seemed to keep the user’s interest and flow
state, and the point when the familiarity and lack of events in the environment becomes dull. Taking
these pilot sessions into account, we reduced the length of the phases without agency as the users
reported them as dull. Finally, the first phase is 60 seconds long, the second phase is 240 seconds
long, and finally, the third phase is 60 seconds adding to the VE’s duration to 6 minutes total (see
Figure 6.2).

6.5.1 Participants

We recruited 11 participants (7 female) through the university mailing list and social media channels.
Participants’ ages ranged from 24 to 44 (mean: 27.1, SD: 5.87). Two participants had never tried VR
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before, eight participants had been exposed to it less than ten times overall, and one is an expert VR
user. Regarding mindfulness practice, three participants meditate regularly, one has never meditated,
and the rest meditate irregularly. All participants reported good health condition and normal vision.

Figure 6.3: The participant interacting with the VE, wearing breathing sensors, headphones,
and Oculus Rift while seated on the cushion

6.5.2 Apparatus and Data collection

The participants were seated comfortably on a large bean bag pillow (see Figure 6.3), one at the
time, in a dark room, at the computer station. The VE was presented on Oculus SDK2 at the rate
of 90 FPS. The audio component of the VE was played on noise-canceling headphones. Participants
wore respiration sensors (Thought Technology Ltd.; n.d.) positioned on the abdomen and chest and
that data was captured. Also, interviews were audio and video recorded.

6.5.3 Protocol

Upon arrival, the participants read a description of the study. After agreeing to participate by signing
the consent form, participants were equipped with two breathing sensors: abdominal and chest, and
Oculus Rift, and the noise-canceling headphones. Prior to the sessions, we informed all participants
that: “the virtual environment is reacting to your breathing” and we invited the participants to
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explore the experience without disclosing mapping details. The session was divided into four parts
(see Figure 6.4):

1. Session 1: Exploration: The participants interacted with the virtual environment using their
breathing for a duration of 6 minutes.

2. Did the participant understand control and mapping details?: After Session 1, we started
interviews with all participants. Very early in these interviews we were able to determine
whether participants made sense of the interaction and if they understood the correlation
between the breath and the movement and sonic events in the environment (i.e., if they
understood the mapping).

3. Interview: If they did, we would proceed to a full-length micro-phenomenology interview (this
was the case with 3 participants 3). If they did not make this connection (8 participants), they
were instead invited to proceeded with Session 2 followed by the full-length interview.

4. Session 2: disclosed mapping details: The 8 participants who did not make a sense of the control
they had over the cues in the environment via their breathing, were explained the mapping
details, that is how their breathing influences the virtual visual and sonic environment. Finally,
they were asked to explore the environment again for another 6 minutes going through the 3
phases already described.

5. Interview: After the second session we conducted micro-phenomenology interviews, each 30
minutes in length.

Figure 6.4: the illustration of the protocol

6.5.4 Analysis

All interviews were transcribed and coded using the nVivo software for qualitative analysis. All
interview data was structured in chronological order, and the descriptions of singular experiences
were identified. The coding was done in two stages: first, interviews were coded line-by-line. Our
coding system in this stage included the codes: control, attention, breath, body sensations, imagery,
sound, feeling, inner voice, and were informed by six pilot interviews that we conducted prior to
the study. In the second stage of coding, we identified common themes from the codes identified in
the first stage of coding. Two researchers (the authors number 1 and 5), both trained in conducting
micro-phenomenology interview, discussed and agreed on the themes.

3we will elaborate on this further in the Discussion section
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6.6 Findings
6.6.1 The analysis of breathing data

The main method used in the study presented in this chapter is the micro-phenomenology inter-
view. However, we collected participants’ breathing data during their interaction with Pulse Breath
Water.02. In each of three phases in Pulse Breath Water.02, we collected inhale and exhale duration
and amplitude for each participant (as an example, Figure 6.5 shows data collected for participant
ID3).

We were interested in understanding if interaction with Pulse Breath Water.02 had any effect on
participants’ breathing rate. For each Phase (Ph) we calculated means of inhale (Min) and exhale
(Mex). To determine if the respiratory rate decreased from Phase 1 to Phase 3 we compared means
of cumulative duration (Mc) of inhale and exhale Mc = (Min+Mex)/2. Cumulative means by Phases
are: Mc(Ph1)= 1010.28; Mc(Ph2)= 1295.95; Mc(Ph3)= 1280; The comparison of means Mc(Ph1),
Mc(Ph2) and Mc(Ph3) indicates that breathing rate (respiratory rate) decreased in Ph2 and Ph3
compared to Ph1. Ph2 indicates the lowest respiratory rate, followed by Ph3.

We were also interested in understanding if duration of participants’ inhale and exhale changed
in the interaction with Pulse Breath Water.02. We compared duration of exhale and inhales across
phases by using one-way analysis of variance (ANOVA). The analysis showed that there was no
significant difference between duration of exhale in Phase 1 and duration of inhale duration in Phase
1, and similarly in Phase 2. However, ANOVA revealed that duration of exhale in Phase 3 was
significantly longer than duration of inhalation in the same phase F(1,27)= 4.25, p<0.05, computed
d statistic is 0.77 . According to Cohen (1992), d = 0.77 reveals large effect size. For exhale, Mean
= 1521.72, SD = 804.55; for inhale, Mean = 1038.31, SD = 360.5.

The analysis of breathing data revealed a possible effect of Pulse Breath Water.02 on partic-
ipants’ breathing even when the stimulus (cues to participant’s breathing) decreased. Taking into
consideration that Ph1 and Ph3 are equivalent regarding interaction design and the stimulus opac-
ity, and that our analysis did not yield any significant difference in duration of inhale and exhale in
Phase 1 and Phase 2, but that exhale duration in Phase 3 was prolonged we hypothesize that there
may be a transfer of the effect of the environment to the breathing rate from Ph2 to Ph3. These
preliminary results are discussed in Chapter 9 as future work.

6.6.2 Unfolding the process of eliciting breath awareness
6.6.2.1 Attention shifts in becoming aware of breath

The complexity of the environment and the novelty of the experience can potentially be overwhelming
to the participants. However, the three phases of the experience offered the possibility for a gradual
transition of the focus from the environment to the bodily sensations related to the movement, and
finally to the breath. Once aware of their control of the elements in the environment, a majority
of the participants would direct attention first to the waves, the vertical movement patterns, and
then to changes in the sonic environment, thus gradually discovering the nuances of the control they
had over the environment, before starting to focus their awareness on their breathing. However,
participants with meditation experience tended to immediately focus on the breath before shifting
their attention to the environment, and finally to their bodily sensations:
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Figure 6.5: Breathing Data collected from ID 3
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At the very beginning I was focusing on my breath, just trying to listen and understand
what was happening. And then the second part because I got the connection instead of
listening to my own breath I changed my breath playing with the images and then I went
to first state of listening to my body but I wasn’t anxious anymore about motion sickness
and the storms in the ocean and... I was focusing on really listening. (P17)

6.6.2.2 Focused attention

Once familiarized with the environment, participants directed their attention to preferred parts in
the experience by practicing controls they experientially learned during the session:

Initially I was repeating it, long breath in out in out but I didn’t hold my breath even
inside. After some time when it went on for some cycles then I started different things
different rhythm of my breath as if I am controlling it. I was just trying to control that
up and down... after that I realized [that] inside I’m feeling good, then I started staying
inside.(P14)

My focus is just I guess on the tranquility and lack of sharp noises and you know...
how much air do I need to stay... like when should I take my next breath, and you know
if I take my next breath is it going to be really deep breath. (P9)

Finally when transitioning to phase 3 and losing the movement on a vertical axis, their attention
shifted back to their body and “letting go”:

OK, now I’m controlling my breath, and then with the white peaceful situation I attuned
to my body and that was it, I wasn’t controlling. I let that go... (P17)

6.6.2.3 Cues in the VE for eliciting breath awareness

One of the most common difficulties for beginners in mindfulness breath FAM is attending to breath-
ing without being distracted. In our design, this process was supported by the visual representation
of breathing as a movement in the environment. As a matter of fact, participants were expected to
first direct their attention outwards to the environment in order to be able to redirect it to the self.
Their vertical position being controlled by how full their chest was simply allowed them to literally
visualize their breathing, thus expliciting it.

I was more conscious of it [of breath] because of what I was seeing at the same time.
[How did that make you conscious of breath?] I wasn’t really concentrating only on my
breath but also on what I saw... so I knew that I was breathing in but also by seeing
where I was... or... at what point I was by seeing where I was. (P10)

Figure 6.6 depicts the moment in which participant 17 became aware of the relationship between
breath and the changes in the environment. The plot shows a change in their breathing pattern
after the realization of their agency and control of the environment. The participant described this
change as:

After a couple [breaths] I was like “no that’s me, if I’m holding my breath I see down,
every time I’m exhaling I’m down there, and every time I’m inhaling I’m up there”
and then I tried to hold my breath both in the inhalation and exhalation and I was like
“Hey, yay, I got it”. (P17)
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Figure 6.6: Change in breathing pattern following realization of how the participant’s breath-
ing influences the system

Regarding the audio cues, the majority of participants made a connection between the sound
and the breath through the visual cues of their position in the environment:

When I’m staying level there [on the surface]... the sound gets a little bit violent I
guess. It was just like, there was some sort of something like chords going on with
some dissonance pattern maybe bit when I was level there I felt like there something
transcendental creature got real angry about what I was doing and like the sound got
violent and even although I enjoyed being level there for a while I felt “for this sound to
change I have to move” and I went back to breathe in breathe out pattern again.(P15)

Finally, some participants related the perceived motion cues to perceived bodily sensations of
the breath. After the initial “a-ha” moment of breath awareness, the motion cues caused participants
to be more aware of the range, rhythm, depth, and other subtleties of their breathing and the other
bodily sensations that accompany inhalation and exhalation.

I paid attention to correlation and inhaling... feeling my body move, and also like the
airflow through my nose, and my mouth... I feel like when my body became still I inhaled
completely, and there is moment of no movement then that’s when the motion stopped.
(P11)

6.6.2.4 Breathing patterns and perceived sense of agency

The comparison of breathing data of Session 1 (participants unaware of agency) and Session 2
(participants aware of the agency and interacting with the environment) revealed different breathing
patterns and the qualities of the experience associated with the interaction. This is depicted in
Figures 6.7 and 6.8. The upper images of both Figure 6.7 and Figure 6.8 reveal that when these two
participants were not aware of their agency in the environment (were not aware of the changes their
breathing was causing to the environment), the breathing patterns remained somewhat consistent
within all three phases. However, the bottom images demonstrate that the changes in the phases
are followed by the changes in the breathing patterns, indicating that the perceived agency in the
environment in this case, influenced how the user interacted with the environment (leading them to
take on more active role) and their experience of it.

The first one I feel like because I didn’t know that I had any control over what was
happening I think it was lot more chaotic in my mind. And the second one was lot more
calming because I felt I had that control. (P10)
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Figure 6.7: breathing data during Session 1: no perceived sense of agency vs breathing data
in the Session 2: perceived agency (bottom image).

Figure 6.8: (upper image) breathing data in the Session 1 vs breathing data in the Session
2 (bottom image)

An interesting finding is that the sense of agency in some participants defined the perceptive
position of the participant. In the first trials, those who were not aware of the direct control they
had of the system were more likely inclined to take a passive role in the environment similar to the
“observer’s perspective” or that the system was pushing them up and down.

In the first one I was thinking that something is pushing me up and down like bouncing...
this time I was thinking I am controlling this and I can calm this ocean... so I was feeling
this was inside my body, it’s not the system, it’s inside of me. (P12) (see Figure 6.8)

6.6.3 Creating the experience from “within”

Once the participants became aware of their breath, of the agency that their breath has in the
environment and how they can control the experience, they started exploring the environment. After
participants got familiar with the elements of the environment and identified the most pleasurable
parts they started directing the experience from “within”, through their breathing. Curating the
experience through agency and perceived control over the environment helped the users to leverage
the initial personal differences in initial reaction to the environment, while gradually familiarizing
with the control they had in the environment.
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6.6.3.1 Personal differences in experiencing ambiguous VE

Previous, real-life experiences influenced participants’ experience of the environment; participants
who fear water made negative associations with our environment and vice versa, participants who
relate positive experiences to being in the water found the environment more pleasurable.

I didn’t like the feeling of going underneath... probably not because of this experience but
probably related to other experiences with water and because it looks a lot like water...
[how does this make you feel] it’s like a little bit of anxiety... or like fear in a way but
not really fear because I know I can breathe. (P10)

Following the evocation of previous experiences, the immersiveness of the medium triggered strong
bodily sensations related to the overall quality of the experience.

I did experience that feeling of euphoria as I was coming up and and traveling upwards
I did get that sensation of actually moving up and when I looked down I just really felt
compelled this was overwhelming feeling for me to wanna go deeper... and I just wanted
so hard to get rid of all of my breath so I could go deeper. (P13)

It was kind of like swimming and holding a breath underneath the water... and then
like I could feel that physical aspect to it. (P7)

6.6.3.2 Perception of control alters the experience

A few participants initially experienced VE as anxiogenic or fear-inducing. However, they alleviated
these initial negative associations once they realized that they were in control.

I was like “oh I’m in control actually” and that’s very comfortable, because that anxiety
went away straight away... it’s very comfortable that anxiety was out of it... I can stay
under the water as long as I want. That’s totally fine – I told myself... and then I also
see the patterns below and then I felt this urge to explore it. (P15)

6.6.3.3 Curating the experience from a conscious control of a breath

In the second phase, once the participants were aware of their breath and control that they had over
the environment, they would purposefully manipulate their breathing patterns to either stay in a
preferred location in the environment or avoid potentially unpleasant stimuli.

I kind of found myself holding my breath when I breathe out because I liked the blue
better the description of the VE... so I found myself kind of breathing out lot more
than what I was inhaling that’s what I was observing when I was really focused on my
breathing. (P16)

Some of the participants were able to identify moments when their breathing changed as a
response to the environment, which induced a reaction. The reactions to irregular breath varied
from focusing on breath closely to trying to change the position in the environment to a preferred
one.
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In that first phase I’d say I think I was just attuning to the environment. [how?] I
listened to my breath and I realized because I’m not doing well, I suffer of sea sickness,
so I was "I don’t know if this is going work" and I realize that my breath was going faster
than what would normally happen, but then I just tried to listen to my breath and that
was pretty much what I did. (P17)

Associating irregularity of breath with a particular part of the environment that helped partic-
ipants know how to regulate breath when it becomes irregular:

Then I was asking myself: ok now I’m breathing quite heavily so... uhm... can I also
maybe just try to get back to the white plane again? (P8)

6.6.4 Subtle and unaware of influence of the environment on breathing
patterns

In Session 1, only three participants were immediately aware of their agency. The data plots of the
remaining eight participants indicate that there is an influence of the system on their breathing
patterns. This influence is particularly clear in the moments of phase changes, revealing two trends:

1. Transient perturbation of breath by changes in the mapping Figure 6.9 depicts the respiration
sensor data for participant 16 in the first session. Although P16 was not aware that their breath
controlled the feedback, we observe that transitions from phase 1 to phase 2 and from phase 2 to
phase 3 were followed by changes in breathing patterns. Even though participants were not aware of
the fact that they influenced the system, the data suggests that changes in the mapping of breath
to the visual feedback induced perturbations of the participants’ breathing patterns.

2. Sustained Influence of the mapping on the breathing patterns
Finally, the comparison of breathing patterns across phases showed that participants’ breathing
patterns changed on a longer time scale throughout the session. For example, the breathing period
of P16 significantly changed between phase 1 and phase 2, as highlighted in Figure 6.9. In phase
2 participants tended to breathe at a slower rate, extending inhalation and exhalation over longer
periods of time compared to phase 1.

Figure 6.9: Respiration sensor data for participant 16 in the first session. Although P16 was
not aware that their breath controlled the visual feedback, we observe shifts in breathing
patterns following the changes between the three phases.

6.7 Discussion
In this section, we discuss the findings in the context of designing for breath awareness. This dis-
cussion is informed by participants’ accounts about the process of becoming aware of their breath,
and by our design decisions.
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6.7.1 The role of sense of agency and control in overall experience

Understanding the control and engaging in the interaction impacts the quality of the experience and
thus influences the experience-driven designs (Downey; 2015). In our study protocol, we allowed
participants to explore our system in Session 1 without giving away the details about how the
system reacts to their breathing. Eight participants did not make an explicit connection between
their breathing and changes in the environment in Session 1. We speculate that this happened due to
an overall novelty with virtual reality applications, the lack of knowledge regarding the respiratory
sensor, and that once immersed in the environment the participants were engaged in sense making of
the scene rather than raising focus and awareness to the interaction. That could possibly explain why
some of the participants reported that ”something” [P12] was pushing them up and down, without
realizing that that ”something” was their breathing. Feeling of being dependent on the system while
immersed in the VE caused unpleasant feelings that were alleviated once the participants became
aware of their agency on the system. We find this to be a challenge to be addressed in future work.
How we can design systems that make users aware of their agency in a subtle, less instructed way is
yet to be addressed.

Interestingly, three participants did make an immediate connection between their breath and
the environment. After the interview, when asked whether they meditate, and how often, those
three participants reported that they regularly meditate. While we are careful not to draw strong
conclusions from this observation, it has been shown that meditators have more accurate visual
attention compared to non-meditators (Hodgins and Adair; 2010; Lippelt et al.; 2014) and this
might explain why those three participants made an immediate connection.

In conclusion, while the system did not change, perceived sense of agency and control over the
system determined the qualities of the experience: if the sense of agency was not perceived, the
experience was more likely to be unpleasant. Understanding how the system could be controlled was
crucial in a further unfolding of the experience. Participants exercised control especially in the parts
of the environment that were more likely to induce fear and anxiety. At signs of discomfort caused
either by the movement or audio-visual feedback, participants consciously changed their breathing
to influence changes in the environment towards creating a more pleasant experience.

6.7.2 Complexity of the VE mediated through gradual introduction of
the elements through phases

During the design process we were faced with the decision of how much feedback is optimal for
eliciting breath awareness while preventing possible distractions. Through an iterative design process
we decided to gradually increase the threshold for the stimulus, introducing sound as the first cue, and
then movement as the second cue to breathing. This allowed participants to familiarize themselves
with the environment before introducing more stimulating, and more obvious cues such as the
movement along the vertical axis.

The majority of the participants described the up-down movement as the most dominating cue
to one’s breathing in our environment. One explanation might be that of the immersiveness of VR
as a medium that can elicit bodily sensations related to locomotion. Moving on the vertical axis up
and down was described as being on the roller coaster or a swing. In the second phase, the majority
of participants’ reports about breathing were related to the movement rather than sound. Sound
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as a cue was discussed within the first and third phase, when the movement cues were absent. The
absence of the movement allowed the participants to listen and “attune” to their breath:

[in the end the third phase] I was just watching and I heard a sound but my attention
and my focus was inside and just listening what was happening... in the second [the
second phase] I was still doing that but because I knew I could control what I was
watching instead of attuning to my breath I was using my breath to change what I was
observing. (P17)

Despite our attempts to understand an optimal amount of cues to guide the user’s attention
through the pilot study from which we drew insights for the final design presented here, some of the
participants’ accounts imply that a few things distracted them from fully attending to breathing.
The main distractions are related to the interaction design: the velocity of the movement on the
vertical axis was reported as too fast. Since the mapping of the movement was not elaborate in this
iteration of the system, we see the potential of fine-tuning the mapping of the movement and better
controlling for the velocity. We speculate that fine-tuning of the movement parameters will provide
more opportunities for variety in how users interact with the system and how breath awareness can
be raised in more subtle movements in the environment, and this will be explored in our future work.

6.7.3 Attuning to the environment

While we expected to see the changes in breathing patterns within different phases in Session 2 when
the participants were aware of their agency and how they control the changes in the environment,
unexpected findings emerged from Session 1. Even though the participants were not aware of the
differences between the three phases, nor were they aware of how they influence changes in the
environment, breathing data revealed that breathing patterns changed in participants (9 out of 11
participants) following shifts between phase 1 to phase 2 to phase 3. This suggests that our virtual
environment influenced the breathing patterns through implicit mechanisms, and we are curious to
explore this further.

6.7.4 Meditation tool

As a part of inquiry after the micro-phenomenology interview, we asked the participants: “If we tell
you that this VE is a tool, what would you use this tool for?”. The majority of the participants
responded that they would use it to: overcome a fear of water, reflect, isolate themselves from dis-
tractions, or meditate. One of the participants even compared the breath-driven control to breathing
exercises often done as an intro to mindfulness meditation practice:

it felt... it’s kind of when you are meditating and you do breath work before. And so I
felt kind of the same in terms I wasn’t using breathing technique but to say “ok now I’m
controlling my breath” and then with the white peaceful situation I attuned to my body
and that was it, I wasn’t controlling I let that go. (P17)

Presence of visual cues helped the participants focus on their breath which is commonly reported
as an obstacle in novice meditators:

You can pay more attention to the visual or what’s in front of you in environment to
make that difference in your body instead of having to pay attention to your breathing to
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a affect your breathing, you pay attention to the environment to affect your breathing.
(P10)

Traditional mindfulness meditation requires mediators to maintain some kind of meta-awareness
so they can notice once their mind wanders off and they lose focus on their breathing and gently
guide their attention back to their intended point of focus. This need to maintain a meta-awareness
constitutes one of the main meditation challenges and obstacles especially for novice meditators.
Similar to the playful interaction paradigm in the auditory environment of Sonic Cradle (Vidyarthi
and Riecke; 2013; Vidyarthi et al.; 2012), the audio-visual virtual environment in the current study
was designed to subtly and unobtrusively help users to re-focus their attention to their breathing
once they lost it – as if the system would simulate the meta-awareness that the users might not have
developed yet. Instead of requiring users to maintain meta-awareness, our system was designed to
help users re-orient their focus in a more playful manner, which we hope will eventually help them
to more easily re-direct focus in their everyday life.

6.7.5 Commentary on the methodology: Can we trust the participant’s
descriptions?

In this study, the interviewer has been trained in the method, but none of our participants have been
subject to a micro-phenomenology interview prior to participating in our study. While no method to
our knowledge can provide us with conclusive evidence that participant’s actual experience matches
their description of it, we found some signs of such matchings. When we compared participants’
interviews with their breathing data, it showed that the descriptions explained the breathing data
such as changes in breathing rhythm patterns when participants reported that they changed their
breathing, or holding the breath to stay in a particular part of the environment, or sudden deep
inhales/exhales showed in plots. Despite the difficulties that some of the participants experienced
with an evocation of the experience, we are confident in the validity of the descriptions because their
descriptions can explain the breathing data and the breathing data corroborates their descriptions.
However, we are yet to explore what is the level of detail in the descriptions that we can obtain from
participants and how fine-grained descriptions correlate with the breathing data.

6.8 Conclusion
Our motivation was to gain a deeper understanding of how the experience of becoming aware of
breath in VE unfolds. Previous mindfulness-based designs that employ breath demonstrated the
important role that breathing and breath awareness hold in mindfulness practices. However, the un-
derstanding of the process of how people become aware of breath through embodied interaction was
largely missing and the goal of this study was to take us a step closer to that knowledge. Our contri-
bution is threefold: First, we presented the design of a system that employs breathing as embodied
interaction in VE for eliciting breath awareness; Second, we conducted a micro-phenomenology in-
quiry and unveiled the mechanisms of becoming aware of breath; Third, we presented the findings
that revealed the process of becoming aware of breathing in VE and demonstrated the importance of a
sense of agency, understanding of control and possible subtle impact of the environment on breathing
patterns without users being aware of it. In addition, some of the initial unpleasant experiences and
personal differences in the quality of how participants experienced VE can be alleviated if users are
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enabled to curate their experiences. Finally, we contribute to the research on micro-phenomenology
and HCI by revealing that participants’ descriptions of their experience can describe their breathing
data. This indicates the potential of micro-phenomenology and motivates us to continue to explore
this methodology paired with physiological data in future work.
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Chapter 7

Micro-phenomenological analysis
and the structure of experiences in
VR for eliciting breath awareness

In this chapter, we revisit the data collected for the study presented in Attending to breath: Exploring
how the cues in a virtual environment guide the attention to breath and shape the quality of experi-
ence to support mindfulness (Prpa et al.; 2018). For this study, I conducted micro-phenomenology
interviews with eleven participants, as described in Chapter 6. The results presented in Chapter 6
answer RQ 2.1 (Section 1.2) by inquiring into (1) how the users of the Pulse Breath Water system
become aware of their breathing in a virtual environment (VE) without verbal guidance during the
interaction, (2) how the cues in the VE can support sustained attention on breathing, and (3) what
is an overall experience of becoming aware and sustained awareness of one’s breath.

We present the micro-phenomenological analysis of two transcripts taken as exemplars from the
total of eleven transcripts collected in the previous study (selected are ID13, and ID17). We retrieved
four video recordings of the interviews conducted for the study presented in Chapter 6. After closer
inspection of the videos, we chose 2 exemplar transcripts (ID13 and ID17) that included a good
quality of a video recording of the data, capturing participants’ torso and hand movements, which is
necessary to do the micro-phenomenology analysis. The aim of doing micro-phenomenology analysis
in addition to the thematic analysis described in Chapter 6 is three-fold: first, to expand the analysis
presented in Chapter 6 by accessing details of the experience that only micro-phenomenology can
contribute; Second, to expand the discussion of the micro-phenomenology analysis method outlined
in Section 5.3.2; Third, to provide a closer look at how micro-phenomenology analysis allows for
greater insight into the RQ compared to the thematic analysis. While our findings based on these
two interviews are insufficient to provide conclusive evidence, we find micro-phenomenology analysis
compelling because it is capable of revealing not only the fine-grained details of the experience but its
very structure. We used the micro-phenomenology analysis in the context of VR-elicited experiences
and this chapter contributes to answering RQ 3: How can we use micro-phenomenology to
access the experience with iVE? by outlining how we used micro-phenomenology analysis to
unfold the structure of the experience elicited in Pulse Breath Water.02.
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7.1 The Micro-phenomenology analysis: procedure
In this chapter, I follow an exemplar protocol for micro-phenomenological analysis of interview data
as presented by Valenzuela-Moguillansky and Vásquez-Rosati (2019). In this protocol, the analysis
is conducted in 5 stages which encompasses: 1. data preparation, 2. specific diachronic analysis, 3.
specific synchronic analysis, 4. generic diachronic analysis, and 5. generic synchronic analysis. Each
of these five stages has 3 sub-phases that are presented below (see Figure 7.1).

7.1.1 Stage 1: Data Preparation (DP)

DP sub-phase 1: Transcription The first stage in the analysis is preparing verbatim transcripts
by transcribing three components: verbal, non-verbal (hand gestures), and para-verbal elements
(such as pause in speech, sigh, hesitation, etc.) This necessitates that interviews are video recorded
along with the audio recording. Because the original interviews were conducted prior to my training
in the micro-phenomenology analysis, only four out of eleven interviews were video recorded. The
two interviews used in this chapter were selected for two reasons: 1. they contained video and audio
data; and 2. they included expressive verbal, non-verbal and para-verbal elements. This chapter is
included in the thesis to illustrate the capacity of the micro-phenomenology analysis to reveal finely-
grained experiential data as well as structural components of the experience. Therefore, while two
data points (interviews) is not sufficient to provide conclusive evidence, it illustrates the quality and
potential of the micro-phenomenology analysis for describing details of the experience that cannot
be revealed in other methodologies, including the thematic analysis.

The interviews are transcribed in nVivo, and for this micro-phenomenology analysis, I added
non-verbal and para-verbal elements. For non-verbal and para-verbal elements, I developed a scheme
that was iteratively expanded in the process of revisiting two previously transcribed interviews. For
example, para-verbal cues such as shorter breaks are presented as “..” compared to the longer breaks
“...”. Non-verbal cues required more deliberate consideration as some participants use one hand to
gesture while others do it with both. To augment the transcript, I coded para-verbal and non-verbal
elements. For example, (one arrow up symbol) was a code we used for participant’s gesture of raising
one of their hands up, (2 arrows up) code was used when the interviewee raised both hands, while
the duration of the gesture is captured in < > with <. marking the begging and .> the end of the
gesture (see Figure 7.2).

Figure 7.1: Micro-phenomenology analysis stages: the diagram is adapted from Valenzuela-
Moguillansky and Vásquez-Rosati (2019)
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Figure 7.2: A snippet from nVivo software: transcribing non-verbal elements

DP sub-phase 2: Refining the data The aim of refining the data is to select the descriptions
of the experience that will be analyzed. Data refining is done by careful listening to the audio and
revising the verbatim in case anything was missed or incorrectly transcribed. Then, the researcher
identifies different types of information in the transcript, especially looking for and marking any
descriptions with a content that was imposed by the interviewer, satellite descriptions, metaphors
and expressions of judgment and beliefs. In the two interviews analyzed here, I identified satellites and
a few interviewer-induced descriptions; however, instead of discarding them, they were highlighted
and kept in the transcript at this stage, as recommended by Valenzuela-Moguillansky and Vásquez-
Rosati (2019).
DP sub-phase 3: Selecting the text for analysis At this stage, the transcripts are exported from
nVivo software into an Excel sheet. Next, the text was selected in the form of utterances “minimal
linguistic units pragmatically interpreted” (Valenzuela-Moguillansky and Vásquez-Rosati; 2019;
Austin; 1962), and each utterance was assigned a line number in chronological order, as they appear
in the transcript. The interviewer’s questions are kept at this stage as well as satellites. In figure
7.3, line 6.2 contains the utterance and the interviewer’s question in as a context for the utterance.
The utterance under number 6.3 is recognized as a satellite and as such has been marked with "S"
in the column.

Figure 7.3: A snippet from ID17 Excel sheet: utterances are numbered and questions and
satellites are kept. The whole Excel sheet is included in Appendix H
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The output of data preparation: After refining the data, selection of the text for analysis
and utterances identified and numbered the data is ready to be analyzed. While the data can be
formatted in word document or other word processor, we used Excel sheets as that allowed us to
easily sort data in columns when needed. The final output of this stage is an Excel sheet with 3
columns: # of the utterance, the utterance, and the column for marking satellites (see Figure 7.3).
After the initial data preparation, a researcher proceeds to the next stage of the analysis that is
identifying specific diachronic structure in each of the transcripts.

7.1.2 Stage 2: Specific diachronic analysis

Figure 7.4: A snippet from ID17 Specific Diahronic analysis showing iterative process of
identifying utterances that belong to same phases. The whole Excel sheet is included in
Appendix H

The aim of this stage is to generate a specific diachronic structure of the experience for each of
the transcripts. First, the numbered utterances in the Excel sheet are reread. The longer utterances
are split into two or more shorter utterances and re-numbered. An example of how we split a longer
utterance into four shorter ones marked in [ ] can be seen in this instance: “[1] yeah...I think, uhm, I
feel like I hear the tune of the music ...[2] I wouldn’t be able to replicate it ... [3] but I could hear the
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music, the music shifted [4] it definitely changed on the...uhm..way up..” Often when the participant
is describing their experience they may go back or forward in time to reiterate that description.
Then, given that the chronology of the description does not always match the chronology of the
experience, the utterances are re-sequenced and organized chronologically to reflect the chronology
of the experience. Once reorganized, the utterances are examined with an intent to identify phases,
sub-phases, and sub-sub-phases of the experience. Valenzuela-Moguillansky and Vásquez-Rosati
(2019) call this process the iterative interrogation. First, the utterances referring to the same phase
are grouped together (see Figure 7.4). Next, through the iterative interrogation of all utterances
within one phase, the researcher determines the grouping criteria and assigns incipient diachronic
unit (IDU) that explains the grouping criteria (see Figure 7.5). Appendix G shows the Specific
Diachronic Structure of ID 13, and Appendix H shows the Specific Diachronic Structure of ID 17.

Figure 7.5: A snippet from ID17 Excel sheet: after utterances are numbered, utterances are
grouped under specific criteria and assigned incipient diachronic unit (IDU) that explains
the grouping criteria. The whole Excel sheet is included in Appendix H

As discussed by Valenzuela-Moguillansky and Vásquez-Rosati (2019), the grouping criterion is
usually actions, events, or states. According to Petitmengin (2017) the phases can be divided based
on temporal markers found in the utterances (time adverbs such as “after”, “then”, or “while”) and
hinge points. The hinge points (also called transitional events by Petitmengin et al. (2019)) between
2 diachronic phases. Hinge points are usually actions, processes, or events that occur between phases
that can also occur as a sensation, an idea, an inner discourse, or change in the value or intensity of
one of the parameters in the experience (Petitmengin; 2017). Once the phases are identified, they are
named by using one or more “keywords present in the utterances within that phase.” (Valenzuela-
Moguillansky and Vásquez-Rosati; 2019, p.130) Then, the same process is applied within each phase
to identify sub-phases (see Figure 7.6).

After all phases and sub-phases are grouped, named, and assigned IDUs, and hinge points iden-
tified, the phases are organized to reflect temporal evolution of the experience. Sometimes
transcripts don’t contain enough information to inform organizing some of the diachronic units into
a sequence, or they can be unfolding in parallel. For that reason, it is advised to reflect parallel
unfoldings in the diachronic structure. For example, in the ID17’s specific structure, “attuning to
the environment through breath” is a diachronic unit without clearly identified ending point. Figure
7.7 shows two versions of the diachronic structure, reflecting two possibilities: # 1 positions this
diachronic unit under the Phase 0, while in #2 the unit spans across phase 0, 1 and 2. Consid-
ering parallel scenarios in which either of these versions are possible, Valenzuela-Moguillansky and
Vásquez-Rosati (2019) advise that in this stage both versions are considered. Figure 7.7 shows a snip-
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Figure 7.6: A snippet from ID17 Specific Diahronic analysis showing identifying phases,
sub-phases and sub-subphases. The whole Excel sheet is included in Appendix H
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Figure 7.7: A snippet from ID17 Specific Diachronic Structure with 2 variations of placing
attuning to the environment diachronic unit. This unit is shown also in Figure 7.6
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pet from ID17’s specific diachronic structure, with phases and sub-phases organized in a temporal
sequence.

7.1.3 Stage 3: Specific Synchronic Analysis

The synchronic analysis aims to provide further insight into selected moments of the experience.
The decision of which moments are chosen to be further analyzed is determined and guided by
the research question (Valenzuela-Moguillansky and Vásquez-Rosati; 2019, p.131). Considering the
exploratory nature of the conducted interviews and research questions, the collected interviews do
not provide detailed enough accounts of experience to inquire into the specific synchronous analysis.
Another factor contributed to this shortfall. It is advised that micro-phenomenological analysis is
done in parallel to conducting interviews. That is, after the first interview (int#1) is conducted,
it is transcribed and analyzed. The findings from int#1 then inform the protocol for int#2, and
so forth. The iterative process of revising the protocol is repeated as long as new insights emerge
from the findings and inform direction that researchers may find interesting to explore further (see
Figure 7.8). Section 6.5.3 describes a very simple protocol we followed in the study presented in
Chapter 6. The protocols can be more complex when the interviews are conducted in parallel with
the analysis. In that case, the protocol can include the direction to which the questions will be asked.
This direction is informed by the analysis of the previous interviews and may be focusing on the felt
sensations, imagery, or auditory cues, depending what emerges in the findings from the previously
conducted interviews. Through that iterative process, it is possible to identify parts of the experience
that may allow for greater insight into the experience. Therefore the interviews would focus on that
part for obtaining more in-depth descriptions of the experience that are then subject to synchronic
analysis. The interview transcripts analyzed here were collected in 2017. However, at that time, I
have not received the training in micro-phenomenology analysis and therefore this iterative process
of conducting interviews and analyzing in parallel has not been done.

Figure 7.8: Iterative process of revising the interview protocol based on the findings from
the preceding interviews
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7.1.4 Stage 4: Generic Diachronic Analysis

A generic diachronic structure emerges from a process in which different abstraction operations
are performed on all specific diachronic structures. This process starts with the alignment of the
specific structures in a time frame. The structures in the time frame are aligned based on the external
frame of reference (referent). The external referent must be an event that is present in all examined
experiences. In the analysis presented here, the external referent is a moment when the scenes change
in VR. The VR environment examined here has three scenes. In scenes 1 and 3, the user is stationary
and positioned above the water surface, without any movement on a vertical axis. In scene 2, the
user’s breathing controls the movement on the vertical axis, with ascending following inhalation and
descending following the user’s exhalation (see Section 6.4.2) for a detailed description of the VR
environment). Figure 7.9 shows the alignment of 2 specific diachronic structures (with the phases
and sub-phases).

After the alignment of the specific diachronic structures, the next stage in this process is identifi-
cation of generic diachronic units. Valenzuela-Moguillansky and Vásquez-Rosati (2019) discuss
three criteria that can guide the grouping of the diachronic units and give rise to the generic struc-
ture. These three criteria are: the thematic content based on which the units are grouped, the order
concerning internal time sequence (e.g., after this, I did that), and the order concerning the external
time sequence (e.g., switch between scene 1 to scene 2). The research question informs the choice
of the grouping criteria (Valenzuela-Moguillansky and Vásquez-Rosati; 2019). In the identification
of generic diachronic units from 2 presented specific diachronic structures, I chose to keep the ex-
ternal referents (switches between the scenes) and the thematic grouping within the same scene.
This allows us to gain insights into the experiential characteristics and user behavior in each scene.
The variation between diachronic units that are specific to one or the other specific structure is
kept and highlighted in the generic structure (see Figure 7.10). Presumably, the number of invariant
diachronic units increases by adding more specific structures to the analysis.

The identification of generic diachronic structure concludes the analysis process we sought to
accomplish. Similar process would be applied in the case of identifying generic synchronic structure,
yet, given that we omitted synchronic analysis for the reasons outlined above in Section 7.1.3, it was
not feasible to conduct generic synchronic analysis and that is discussed below as a future work. In
the next chapter we discuss the findings from Generic Diachronic structure.

7.1.5 Stage 5: Generic Synchronic Analysis

A generic synchronic structure emerges from a process in which different abstraction operations are
performed on all specific synchronic structures, similarly to the process presented in Section 7.1.4. In
section 7.1.3 we described limitations regarding the collected interviews that do not provide detailed
enough accounts of experience to inquire into the specific synchronous analysis. Therefore, we were
not able to perform Generic Synchronic Analysis either and leave it for future work.

7.2 The results of micro-phenomenology analysis
In Section 7.1 we outlined the analysis procedure step by step, and the result of the analysis that
yielded the generic Diachronic structure (Figure 7.9) of the experiential content based on two tran-
scripts (ID13 and ID17) collected in micro-phenomenology interview. In this chapter, we look into
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Figure 7.9: Aligning the specific diachronic structures (ID13, ID17) based on the external referent (VR scenes) separated by the red
line. This table is included in Appendix F
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Figure 7.10: Generic Diachronic structure based on ID13 and ID17 transcripts: yellow highlight shows diachronic units present in both
transcripts. Lighter grey shows ID17 specific units, while darker grey shows ID13 specific diachronic units. A whole table is included in
Appendix I
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the units of this structure and discuss findings regarding the design of our VR environment and its
scenes (1, 2, 3) used to elicit the breath awareness in our participants.

The Generic Diachronic structure that arose from the analysis of ID13 and ID17 specific di-
achronic structures yielded 13 phases, out of which eight are present in both specific structures. As
Figure 7.11 shows, during Scene 1 both experiences included the act of Observing the environment.
Besides, ID17’s experience included the process of Attuning to the environment, which can be fur-
ther inquired by looking at the sub-phases that include: focus on the breath, noticing the quality of
breath, and feeling the straps (stretch sensor) on the body, and the decision to be present.

The second scene elicited richer experiential content which we hypothesize may be due the
fact that this scene lasted longer (than Scene 1 and 3), and the interaction was more complex.
Out of eight diachronic units that are identified here, six are found in both specific structures.
They are: feeling of being pulled down, visual attentiveness to the environment, strategies for sense-
making (figuring out), the discovery of breath-environment relationship, playful exploration of breath
and environment, and strategies for staying below the surface by changing breathing. Here, we can
observe that both participants made sense of the interaction, yet that their experience right after was
somewhat different. ID17 reported feeling of relief immediately after they understood the interaction
while ID13’s attention was on the movement up in the next moment.

Finally, the third scene reveals a difference in how detailed the participants’ descriptions of the
experience are. While both participants reported that after they were positioned above the surface,
they engaged in perceiving the environment, in a similar way found in scene 1. However, ID17
provided more descriptions about their experience in this scene that included following diachronic
units: letting go of control, finding a peaceful state, and attuning to the body. The reason why ID17’s
description was more detailed than ID13’s may mean two things: first, that the ID13’s experience
did not go beyond what they disclosed, or, that the interviewer failed to ask questions that would
allow ID13 to disclose more. This will be discussed in the Discussion of the micro-phenomenology
analysis method (Section 7.3).

Insights into RQs (see Chapter 1.2)
The transcripts analyzed here are obtained in the interviews conducted for the study presented in
Chapter 6. In that study we employed micro-phenomenology interviews and thematic analysis with
the aim of answering RQ 2.1. “What is the mechanism of eliciting breath awareness that leads to
breath regulation in Pulse Breath Water, an immersive virtual environment?” In the study presented
in Chapter 6 we tackled RQ 2.1 through three sub-questions:

• How the users of the Pulse Breath Water system become aware of their breathing
in a VE without verbal guidance during the interaction?

• How the cues in the VE can support sustained attention on breathing?

• What is the overall experience of becoming aware and sustained awareness of
one’s breath?

In this Chapter we answer RQ 2.2 “What is the structure of the experience of eliciting breath
awareness and regulation in immersive virtual environments?” by providing the Generic Diachronic
Structure (Figure 7.11) of the experience of eliciting breath-awareness in Pulse Breath Water System
based on two analyzed transcripts. Furthermore, we discuss the findings from the Generic Diachronic
Structure regarding the three questions from the previous study.
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The first question, “how the users of the Pulse Breath Water system become aware of
their breathing in a VE without verbal guidance during the interaction” can be answered
through a careful examination of the generic diachronic structure (Figure 7.11). The structure indi-
cates the participants’ visual attentiveness at the start of all three scenes. When presented with a
novel and ambiguous environment, the first response in both participants is to observe in an attempt
to familiarize themselves with it. ID17 also reported attuning to the environment through breath,
indicating already developed an awareness of breath. This finding can be explained with the fact
that both ID13 and ID17 have previous yoga and meditation practice, as disclosed in the study in
Section 6.5.1.

Further, one event at the beginning of the second scene seems to help participants shift awareness
towards their body and then breath, and that is a feeling of being pulled down described as a physical
“drop” felt in the body (ID13: “you could definitely feel that drop in the stomach that you get
when you falling ”) or feeling of diving (ID17 “I felt as if it was just diving into water”). The
second scene starts by adding interactivity to the participant in the VE by applying movement on a
vertical axis to match their inhale/exhale cycles. The moment that 2nd scene starts, the participants’
exhale “pulls” them down, and they start lowering on a vertical axis traveling through the ocean
surface and below. This movement was described as a “drop” (ID13) and feeling of diving (ID17),
and participants described strong bodily feelings associated with it. This movement appears to be
a turning point that helps participants feel embodied in the environment yet not by seeing their
virtual bodies but feeling sensations in their bodies as they engage in the VE.

Next, the structure indicates that the participants engaged in various strategies to understand
the connection between the breath and the VE. ID17 reported that they were aware of some sort
of relationship between moving above the water surface and below, and of the connection between
the music and visuals. Still, that connection was not explicit at first. Therefore they applied these
strategies: holding their breath above the ocean and observing for potential patterns in the waves,
then exhaling and inhaling deeply, to finally arrive at holding breath on the inhale and exhale, which
lead to the understanding that their breath moved them along the vertical axis.

The insights into the second RQ – “how the cues in the VE can support sustained
attention on breathing”– revealed that playfulness and exploration in the VE enabled sustained
attention to the breath. Also, both participants preferred staying below the ocean’s surface. To be
able to do that, they had to exercise a particular quality of breathing, maintaining awareness of
how fast or slow they are exhaling, also maintaining a fine balance between holding the breath and
staying low on the exhale, and having to inhale. ID17 disclosed “In the second section, I was still
doing that – my attention and my focus was inside and just say, listening to what was happening
– but because I knew I could control what I was watching, instead of attuning to my breath, I was
using my breath to change whatever I was observing” and “so then I started playing with that, and
I was holding my breath longer or less.” Similarly, ID13 disclosed “And so I’m letting out as much
breath as possible ’cause I feel like if I have more breath up here and I can let it out then I am gonna
get deeper” and “when I’m going down I’m so focused on going, I want to get below the blue”. These
insights open a design space for the exploration of different breath-environment strategies to guide
participants in exercising breathing with different qualities (and health benefits) by immersing them
in the VE and enabling them to customize the experience through their breath.

Finally, the third question is what is the overall experience of becoming aware and
sustained awareness of one’s breath. One way to answer this question can be, for example,
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by looking at the participant’s experience through the lens of affect applied to the analysis of the
experience. If chosen at the beginning of the interviews (and questions focused on the affective states)
and then the analysis, this question could have guided the emergence of general diachronic structure
and show the evolution of affective states sequentially. Yet, even though this question did not guide
the analysis, the presented structure still reveals affective states in diachronic units. In Figure 7.11
phase 6: the feeling of relief shows ID17’s affect right after they realized how their breath interacts
with the environment. Further, the descriptions in Phase 7 (Figure 7.11) show changes in the ID13’s
affective state when they felt as if the environment pulled them up on the inhale and describes the
feeling of excitement. In phase 8, both participants express preference towards staying below the
ocean surface, with ID 13 describing going through the middle section, leaving them with “neutral”
feelings. ID13 as well described feeling frustrated in their attempts to go even lower on the exhale,
and being so low, they “(I) didn’t feel scared though”. Finally, ID17 describes how they found a
peaceful state at the end (phase 11).

7.3 Discussion of the micro-phenomenology analysis
7.3.1 Comparison to the results of thematic analysis in Chapter 6

The initial thematic analysis of the interview transcripts presented in Chapter 6 unfolded:
• the process of eliciting breath awareness through: attention shifts in becoming aware of breath,

focused attention on moving in the environment, and dominance of visual over audio cues;
• Dynamics of creating the experience from “within” by staying below the ocean surface because

that was preferred.
The results obtained in micro-phenomenology analysis and presented as the general diachronic

structure of the experience are congruent with the results from thematic analysis. Yet, given that the
general diachronic structure is composed based on the analysis of the only two interview transcripts,
it can be implied that micro-phenomenology analysis is robust in capturing the essence of the
experience on a smaller sample. Moreover, in-depth analysis and construction of the diachronic
structures in the form of a timeline provide a detailed and systematic way of capturing and preserving
details about the experiential content, allowing for quick fact-checking and tracing information back
to each interview through specific diachronic structures. Overall, the visualization of data in the
form of timeline structures guides a better understanding of how the experiential content of each
participant relates to each other, and how is the general diachronic structure composed by making
the process transparent and explicated in terms of the operations performed.

In addition, in Chapter 6, we presented the analysis of breathing data. We showed how, after the
participants perceived a sense of agency, their breathing patterns changed, and we observed subtle
and unaware of the influence of the environment on breathing patterns. We argued for a further
triangulation of qualitative and quantitative data, as one could potentially explain ambiguities in
the other. The same was observed in the micro-phenomenology analysis as well. Figure 7.7 presents
some ambiguity and uncertainty in the best placing “attuning to the environment through breath”
diachronic unit within Generic structure as there was no clear indicator to when this unit ends and
that it may be spanning across a few phases. From the utterances, we know that ID17 was “just in
the very beginning (I was) focusing on my breath, just saying, trying to listen and understand what
was happening” and “instead of focusing so much on where I am, what can I do? Am I going to be
sick by the end of this? I just focus on how much am I breathing right now, how can I change.” This

144



Figure 7.11: A complete Generic Diachronic Structure with sub-phases. A full table is included in Appendix I
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“just in the very beginning” is ambiguous, and in an attempt to mediate the ambiguity, I correlated
it with breathing data. Figure 7.12 shows that in ID17’s case, the phase “attuning to the environment
through breath” spanned across two scenes, demonstrating how quantitative data could be used in
the future in the process of constructing specific and generic diachronic structures, especially when
the researcher is uncertain of correct placement of the unit within a phase as shown in Figure 7.7.

Figure 7.12: Generic Diachronic structure based on ID13 and ID17 transcripts and ID17
breathing data: yellow highlight shows diachronic units present in both transcripts. Lighter
grey shows ID17 specific units, while darker grey shows ID13 specific diachronic units. Red
colored unit shows the moment when the ID17 became aware of breath-environment relation
correlated with the breathing data shown above

7.3.2 Gesture analysis

In the preparation of the data, as described in Section 7.1.1, it is advised that co-verbal cues such
as gestures are transcribed. According to Petitmengin et al. (2019) co-verbal gestures “inform the
researcher respectively on the state of evocation of the subject, the quality of her relationship with
the interviewer, and possible pre-reflective inner micro-acts” and indicate that the interviewee is
retrieving the experience vividly. Further, Petitmengin et al. (2019) differentiates between three
types of gestures:

• Iconic gestures: “at least partially reproduce an actual gesture, the shape or movement of an
object, or indicate its spatial location”,

• Deictic gestures: “designate the zone of the body where a feeling arises”, and
• Metaphoric gestures: ‘mime’ inner processes (McNeill; 1992, 2008).
The analysis of ID13 and ID17’s gestures yielded that iconic and deictic gestures are most

frequent. In Figures 7.13(B) and 7.13(D) are ID13’s deictic gestures: the participant is pointing
towards their body, first in general (B) and then more specific pointing to their stomach where they
felt the drop (D). Similarly is observed in ID17 (Figure 7.14(D) showing their body in general, and
more precisely in 7.14(E) pointing to their stomach).

Figures 7.13(E) and 7.13(F) show iconic gestures that ID13 used to describe what they were
seeing in front of them, these gestures point to the “external” –virtual – environment they were
immersed in. Similarly is observed in ID17: in Figure 7.14(A) ID17 makes a distinction between the
external –virtual– environment and them-self. Also, ID17 used curly motion to describe the waves in
the virtual environment (Figure 7.14(C)) and horizontal movement of their hands to describe waves
that rolled horizontally in the environment (Figure 7.14(F)). Finally, one metaphoric gesture was
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recognized. In Figure 7.13(A), ID13 is referring to the drop – a feeling felt in the body– associated
with the movement on a vertical axis. Every time ID13 described the drop, they would use the same
metaphor, clenching their fist into a ball and moving it vertically towards their stomach (where they
initially felt the drop).

The analysis unveiled that while the gestures are person-specific (each person has their way
of gesturing), there are similarities in the gestures. While the sample size of this analysis is quite
small for any strong claims, it is possible to identify group gestures based on their meaning into
iconic, deictic, and metaphoric. Following the gesture framework allows for new ways to look at the
similarity between gestures, and unveils the diversity of the gesture movements that carry the same
meaning. This proved to be useful in the analysis of the utterances as sometimes it was hard to
understand what the participants are referring to by just listening to what they are saying. These
ambiguities were easily resolved once the video analysis component was added to the analysis of
specific and generic structures. Yet, this gesture analysis just scratched the surface and opened
space for further exploration of the relationship between gestures, and experiential content and the
process of accessing the experience.

7.3.3 Satellites guide understanding

Satellites are post-hoc descriptions of the experience. They include the description of the context
where the experience took place, participant’s beliefs, preferences, judgments, or theoretical knowl-
edge that the participant adds to “rationalize” the experience as they disclose it to the interviewer.
While satellites are not analyzed, it is suggested that they are kept in the process of data prepa-
ration and clearly marked as satellites. This is because the presence of satellites indicates that the
participant is not in the evocative state. ID13 shared, “I wish I could remember the music because
potentially the music was shifting as well”. The use of the words “because” and “potentially” in-
dicates that the participant is not in the evocative state and is speculating about the experience
that happened, which makes a description that emerged in that moment a satellite. Sometimes the
participants’ are aware of not being in the evocative state during the interview and are aware of
rationalizing the experience. ID17’s an example of that “I think it may be related, like if I think
about my meditation practice uh, it often comes after a breathing technique or some sort of like
either a physical activity or a breath technique. So if I think about that, like now that we are
rationalizing the experience, I feel like probably that will happen instead of counting my breath
and closing one nostril or the other, I was just playing with the images.”

Also, satellites that provide context can facilitate understanding of the experience (Petitmengin
et al.; 2019). In the analysis presented here, satellites are kept throughout the analysis as they
guided the understanding of other utterances. For example, ID17’s described the environment as “I
felt I was in a boat or a ship or some sort of...sea vehicle [laughs]...” and then later in the interview
they added “and then when I realized the connection, it was a big relief because I knew I could
control if I got the motion sickness. ” At first, it was not clear where this anxiety and then relief
about motion sickness is originating. By a closer look at the satellites, one satellite describes this
connection and provides a better understanding of the above: “I realized because I’m not doing
well with sea... I suffer from seasickness, so I was ‘I don’t know if this is going to work”’.
This information that the participant suffers from seasickness explains the anticipation of motion
sickness, especially in the context of participant’s impression of being on a boat, and felt relief once
they understood they could control their movement in the environment through breathing.
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Figure 7.13: ID13’s gestures; A: fist gesture used to describe the drop; B: ID’13 referring to
their body right after A; C: another fist representation of the drop; D: referring to the part
of the body –stomach– where the drop was felt; E: referring to the environment they see in
front of them ; F: referring to the motion of lowering in the environment

Figure 7.14: ID17’s gestures; A: gesture distinguishing between “external” –virtual–
environment and their-self; B: referring to the motion of lowering in the environment; C:
referring to the curly motion of the waves; D: referring to their body, in general; E: referring
to their stomach (specific) ; F: referring to the horizontal movement
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Satellites can also provide insights that can inform other research directions. For example, ID17
shared “that’s also because I’m really curious as a human being and I feel that I could have explored
more, but also the last part, they really should last longer”. This description is clearly a satellite as
it described the personality trait as disclosed by the participant. However, this satellite opens space
for researching whether did the participant explore the environment just because of their curiosity,
or did the environment elicit their curiosity and, by doing so, enforced a particular way of interaction
that could have changed the way the participant was breathing.

7.3.4 Limits of our analysis process

The transcripts analyzed here are collected in the interviews conducted in 2017. All interviews were
conducted within a week. According to Petitmengin et al. (2019), the most optimal way is to conduct
interviews in parallel with the analysis; the analysis of the first interview can and probably will then
inform the second interview and so forth. The advantage of such an approach became evident in
the analysis presented here. In a few instances, through the analysis, it became apparent that if
those utterances were closely inspected right after the interview, the insights could have guided the
following interviews. For example, both ID13 and ID17 talk about a particular moment when they
felt “the drop” (ID13) or associated that moment with diving (ID17). ID13 disclosed more details
about the drop while ID17 just briefly disclosed “I felt as if it was just diving into water almost ”.
Given that ID13 gave a precise description of this feeling being in their stomach, I could have asked
ID17 to focus on that moment of diving and describe how exactly and where did this feeling of
diving arise from. Further describing this moment, ID17 mentioned, “I started using my nose more
than what I would normally do probably, but I think a big part was the strap on my chest and being
able to feel the movement”. Again, I missed the opportunity to ask about how did they feel the
movement. The gesture analysis showed that while they were talking, they pointed to the belt on
their chest (a breathing sensor) from which can be implied that the physical sensation of movement
was coming from the belt.

Another critique of the process is in the way some of the interview questions were posed. At the
time of the interviews, I have just finished micro-phenomenology interview training and therefore
was susceptible to making mistakes at a higher rate than someone who has been practicing micro-
phenomenology for longer. In many instances, I missed to deepen the description and obtain more
details into the experience by simply not going back to what was previously disclosed. For example,
when ID17 shared “And I realized that my breath was really, it was going faster than what would
normally happen.” I could have asked how did they notice their breath going faster? The answer
could have provided the understanding of what sensory modalities were active at the time (were
they listening to their breathing, noticing the feeling in their chest, or observing a rapid movement
in the environment? Similarly, ID13 shared about the moment when they became aware of how they
are controlling the events in the environment, “and then I could tell that was happening,” but I
missed to ask how they could tell.

Finally, a common mistake in the interviews is when the interviewer imposes content on the par-
ticipant’s description of the experience. Through the analysis, I discovered one instance when that
happened. ID17 was describing the moment when they realized the connection between their breath-
ing and the events in the environment, which was followed by laughter. ID17 said: “I just laughed
because it was like, okay, I can do it.” to that, I added “it’s interesting how you know the moment
when you were like, a-ha” to what ID17 replied “Yeah, it was the a-ha moment actually”. This
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“a-ha” description did not come from the participant and was imposed by the interviewer. For that
reason, those utterances that followed the imposed content were excluded from the analysis.

7.3.5 Future work

Data triangulation
In this chapter, we showed how breathing data can aid researcher’s analysis process by providing
additional insights into some of the ambiguities presented in the transcripts. In Figure 7.12 we
showed how we used breathing data to understand the position of a diachronic unit within the larger
structure. Physiological data has been used with micro-phenomenology to validate the descriptions
and guide the analysis in the past. Depraz et al. (2017) presented a study in which physiological data
(heart rate) collected during the invoked experience was correlated with first-person accounts with
the goal of strengthening the analysis of verbal accounts in micro-phenomenology. In this study, the
acceleration in heart rate was used as an indicator of affective processing while deceleration was an
indicator of cognitive processing, and this was later correlated with the descriptions. According to
the authors, physiological data “can provide the temporal framework and the intensity/arousal for
the unfolding of the experience” (Depraz et al.; 2017, p.202).

However, implicit quantitative measures of physiological processes can contribute not only to the
analysis process but also to the overall design process and exploratory research if triangulated with
qualitative approaches such as micro-phenomenology. The analysis of quantitative–breathing data
can yield changes in respiration that can then point to the parts of the experiences where the deep-
ening of the description might provide meaningful insights; also, statistical analysis of the data can
evaluate the efficacy of the design to regulate breathing. However, the respiratory data itself cannot
provide insights into the experiential side of the change. Even though the respiratory rate might be
at the target value, without experiential accounts, we cannot argue about any meaningful impact of
the design on experiential nor affective changes associated with regulated breathing less so can we
understand the emergence of breath-awareness elicited through interaction. Micro-phenomenology,
as a phenomenological qualitative method, adds value to the quantitative approach by its ability
to capture the finely-grained descriptions of experience on multiple levels and through a variety of
perspectives during all stages of research and design work. To that end, we are interested in explor-
ing how micro-phenomenology can be used in all phases of research and design, from generative to
evaluative and what modifications to the method, if any, are needed. Also we are interested in ex-
ploring how micro-phenomenology interview and analysis can be employed in the context of industry
research and design processes.
Understanding the role of the interviewer regarding the quality of experiential de-
scriptions In Section 5.7.1 we discuss micro-phenomenology in the light of developing practice
that brings about empathy, humility, and requires the researcher to “let-go” of a need to control
the direction of how the evoked user experience and the descriptions of it unfold. As discussed in
Section 5.7.1, the interviewer starts the interview in a particular state of attentiveness, calmness,
and open-mindedness and entirely focused on the interviewee. By gently guiding the interviewee in
unfolding the experience, the interviewer stays mindful of the progression of the experience, and in
a way “re-lives” the experience that unfolds in front of them through the descriptions that they are
getting. In this process, the interviewer takes upon a secondary role, listening and learning from
the interviewee but also actively participating in the emergence of the descriptions by guiding and
re-directing the interviewee’s attention.
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However, we also discussed that the emergence of the experiential descriptions originates in the
interaction between the interviewer and the interviewee. In that sense micro-phenomenology con-
tributes to the discourse of qualitative social research lead by Kaufmann’s Comprehensive Interview
(Kaufmann; 1996) that diverges from rigid interviewing format. This new paradigm shift in qualita-
tive research acknowledges the participation of both the interviewer and the interviewee in interaction
that determines “experimental situation” (Kaufmann; 1996) out of which discursive data emerges
(Ferreira; 2014). Therefore, the role of the interviewer in micro-phenomenology is active and we are
interested in exploring further to what extent and how the researcher’s/interviewer’s participation
can support the interviewee in disclosing precise and finely-grained data more efficiently in terms
of shorter interviews, or staying in the evocative state without the interruptions. This intrigues us
especially in the context of iterative process of conducting interviews and analysis in parallel, we ask
how does interviewer’s understanding of the experience in one interview then shapes the interview
and the analysis process in the next interview.

7.3.6 Conclusion

In this chapter we first introduced micro-phenomenology analysis method and illustrated the proce-
dure in Section 7.1 by demonstrating how we analyzed two transcripts thorough different stages of
micro-phenomenology analysis. Then, in Section 7.2 we present the result of micro-phenomenology
analysis that is Generic Diachronic structure of the experience that answers RQ 2.2. We discuss the
structure of the experience regarding the design of Pulse Breath Water - and its three scenes we
used in the study presented in Chapter 6. This is followed by the discussion of micro-phenomenology
analysis in Section 7.3: we first compare and discuss the results of micro-phenomenology analysis
to the results of thematic analysis in Chapter 6; then we discuss an aspect of micro-phenomenology
analysis focused on gestures and how gestures can guide researcher’s precise understanding of expe-
riential content (Section 7.3.2). Finally we conclude the discussion by reflecting on the valuable role
of satellites in understanding context and providing insights that may inform other possible direc-
tions for the research to evolve (Section 7.3.3). Then, we discuss limitation of our analysis process
by reflecting on the value of iterative process of conducting interviews and the analysis in parallel
which we aim to do as future work. Lastly, we outline the future work for micro-phenomenology
interview and analysis method.
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Chapter 8

Outside the lab and in the wild:
Research-Creation approach to
development of Pulse Breath
Water and Respire

The development of Pulse Breath Water and Respire was an iterative process over three years. This
iterative process encompassed conducting studies in the lab context as well as learning through
disseminating this work to the broader audiences at the exhibitions; moreover, the input from par-
ticipants in the lab and broader audiences in the exhibitions were taken into account as much as our
first-person experiences and insights that emerged during designing and using Pulse Breath Water
and Respire. This process, also known as research-creation, is defined by Social Sciences and Human-
ities Research Council of Canada as “an approach to research that combines creative and academic
research practices and supports the development of knowledge and innovation through artistic ex-
pression, scholarly investigation, and experimentation. The creation process is situated within the
research activity and produces critically informed work in a variety of media (art forms).” (Research-
Creation; 2020). The contribution of our research-creation process is reflected in the development of
Pulse Breath Water and Respire, and knowledge that emerged in the lab studies and public exhibi-
tions of our systems, and in that light this methodology has been contributing to answering all of
the research questions tackled in this thesis.

8.1 Making of Pulse Breath Water and Respire: autobio-
graphical design and iterative input from the audience
and participants

The first version of Pulse Breath Water (see Chapter 4) is built upon my practice of attending
to breath in focused-attention meditation. I learned and developed ways of attending to breath to
reduce the anxiety during asthma attacks that I have had suffered from for most of my life. My
understanding of breathing and its self-regulation potential has evolved through first-practice and
literature on different approaches to breathing regulation and its benefits. I tried, adopted, and
adapted different ways of attending to breath over the years. Engaging in learning and then prac-
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ticing learned through a first-person approach that involved my mind as much as my body through
breath resulted in the emergence of the embodied knowledge. Salter et al. (2017) reflect on Polanyi’s
views that all knowledge is implicit (Polanyi; 2009), to explain the embodied nature of knowledge
that is “rather than just passively observing and reflecting, knowledge emerges through active en-
gagement and the interplay of senses, bodies, implicit knowledge, and material objects”(p.154). In
that sense, the first iteration of Pulse Breath Water was a result of the knowledge about breath,
attention, and regulation collected through first-person practice, research, and also experimentation
of how it all translates into a design of a virtual environment with breath-based interaction. Through
autobiographical approach defined by Neustaedter and Sengers (2012) as “design research drawing
on extensive, genuine usage by those creating or building the system”(p.1), I explored a variety of
ways how attending to breath can be accomplished in VR. This process required building the system
and using it simultaneously, engaging in the iterative exploration of a design space and evaluation
and revisions based on my own experiences.

In this process of iterative revising of our immersive VR, the engagement and input from the
audience was crucial. Slater (2009) argues that art and design can be employed with the purpose of
“the production and stabilization of scientific facts” also that through the use of technology, we can
reach a wider audience and “translate” knowledge across all of the senses. The embodied knowledge
of a designer is then “translated” and shared to the audiences through iVR that elicits sensorial
engagement from which they now construct embodied knowledge. In this sense, embodied expert
knowledge is passed onto the audience through the embodied engagement with the artifact, in this
case immersive VR.

8.2 Pulse Breath Water: System Design
The design of Pulse Breath Water has been published and presented in the Chapter 4 and Chapter 6.
Chapter 4 presents published work by Prpa et al. (2017) that outlines the design of the first iteration
of Pulse Breath Water system, focusing on embodied cognition theories that served as a conceptual
foundation. Further, it includes the study examining the impact of affective audio and two kinds
of interaction mapping (metaphoric, and reverse) on user’s engagement, affective states, and overall
experience. Chapter 6 presents published work by Prpa, Tatar, Françoise, Riecke, Schiphorst and
Pasquier (2018) that outlines the modifications made to the Pulse Breath Water system for it to
be used in the study of how the iVR guide participants attention to breath. Appendix D presents
published work by Tatar et al. (2019) that provides a detailed description of the architecture of the
AI and Multi-Agent System (MAS) employed in the design of Pulse Breath Water and Respire.

8.3 Respire: System Design
Mindfulness-based VR for breath awareness
Respire, the third iteration of the Pulse Breath Water system, is built to bring the user’s awareness
to breath through an embodied experience, often lost in our interaction with new and emerging
technologies (see See Appendix E). To guide a user’s attention inwards to the self, we focused on the
mindfulness-based design principles and breathing as an object of the user’s attention. The changes
in Respire come directly from changes in breathing patterns, allowing the user to become aware of
their breath and the agency they have in the environment. Designing to support breath awareness
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Figure 8.1: Scores+Traces: poster and Pulse Breath Water installation, photo: author

was our primary focus in interaction design. To support further reflection and self-exploration of
breath, we present a user with an ambiguous environment. In our design, breathing is augmented
through various audio and visual cues, without a prescribed narrative leaving room for individual
interpretation and sense-making.

In Respire, we kept the metaphorical mapping from Pulse Breath Water (see Section 4.5.2):
on inhale, the user ascends in the virtual environment and descends on the exhale. The audio
architecture was revised, and the full description of the audio system can be found in Appendix D.
The changes we made to the virtual environment in this final iteration of the system are:

• increased the virtual environment complexity but kept the same concept of incremental in-
crease and then decrease the cues implemented in the three phases in the Pulse Breath Water
system, as presented in Chapter 6. We added to the complexity of the environment by adding
additional ocean surfaces. We kept the same dynamic of gradual on-boarding first (the user
positioned above the water surface, no movement), then increased complexity of the cues
(adding movement, the user traveling along the vertical axis), and finally decreased the cues
to allow for self-reflection and turning the gaze inwards (decreased speed along vertical axes
gradually to null).
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Figure 8.2: Respire: Screen caption

• time-based gravity effect applied: in the study, we conducted on Pulse Breath Water (see
Chapter 6) majority of the participants expressed preference towards staying under the water
surface in the virtual environment. They expressed wish to go deeper as the experience un-
folded, and by applying gravity to the initial dynamics of ascending and descending following
breathing, the user is slowly lowering to the “bottom” as the experience unfolds.

• the color scheme changed, and gradually the virtual environment switches from in color to
black & white effect to decrease cues and allow easing into self-practice without cues

• decreased agency over time: as the experience unfolds, the speed and the velocity that one
ascends /descends decreases to promote the concept of acceptance of the events we have no
control of central to mindfulness practices.

8.4 Pulse Breath Water and Respire Exhibitions
Pulse Breath Water @ Scores + Traces & Mutek VR Salon
The first version of Pulse Breath Water was designed as a generative piece without a clear beginning
or end. It premiered as an art installation in two group exhibitions: Scores + Traces at One Art Space
in NYC, USA (March 10-12th, 2016) (scores+traces: exposing the body through computation; 2016)
(see Figure 8.1), and at MUTEK-VR Salon in Montreal, Canada (November 9-13th, 2016). During
these two exhibitions, we gathered qualitative feedback from the audience, which we summarize in
Chapter 4 along with our observations of the audience’s behavior. During the exhibition, we observed
and surveyed the participants. The time that the participants spent in the Pulse Breath Water varied
from 5 to 20 minutes. The participants usually spend the first few minutes exploring the extremes of
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their breathing, to familiarize themselves with the system’s capabilities through exaggerated belly
movements while inhaling and exhaling. Interestingly, after a few minutes of vigorous exploration,
participants would slowly ease–into the environment, and their breathing becomes slowly paced. This
type of breathing would typically remain stable until the end of each session (until the participants
decided they are done). One of the preliminary findings was that even though we did not design Pulse
Breath Water with any particular narrative in mind, the majority of participants we spoke to had
their own interpretation of what the narrative was. Some of them constructed the narrative, others
re-lived some of their past experiences. We believe that a major role in the meaning-making process is
held by participants themselves, who invest their “beholder’s share” (Kandel; 2016). In other words,
participants respond to the ambiguity and lack of details by projecting their own experiences and
imagination relying on top-down processing described as “beholder’s share” by Kandel (2016)(p.58).

Figure 8.3: POEMA: a dancer interacting with the visuals. Photo credit: Adriano Fagundes

Pulse Breath Water @ POEMA: choreographic VR installation
The next exhibition of Pulse Breath Water was a collaboration with Regina Miranda under the
project titled POEMA. This piece was exhibited for 4 weeks as a part of the Cultural Program
for the Olympics 2016 in Rio de Janeiro, Brazil (see Figure 8.7). POEMA is a choreographic piece
that emerges from the interaction between three dancers who engage with the virtual environment
projected in the physical space of the installation (POEMA; 2016) (see Figure 8.3). The dancers
learned two-hundred choreographic units and their performance evolved moment-to-moment as they
engaged with the audience, the projections, and each other by crafting the narrative out of choreo-
graphic units.
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Figure 8.4: POEMA: dancers interacting with the visuals. Photo credit: Adriano Fagundes

Respire: Exhibitions
Respire has been exhibited and demoed at a few venues. First, Respire has been exhibited at MW18:
Museums and the Web 2018 conference at the Vancouver Art Gallery (Respire at MW18: Museums
and the Web; 2018) (see Figure 8.8). Next, Respire was shown at the CHI Art 2018 in Montreal,
Canada (Prpa, Schiphorst, Tatar and Pasquier; 2018) and at the Digital Art Carnival in Richmond,
Canada (Respire at Digital Art Carnival; 2018) (Figure 8.9).

8.5 Reflection: Research-Creation in the lab and in the wild
In this chapter, I described the genesis of the two systems: Pulse Breath Water and Respire. These
systems are a result of my iterative inquiry over three years. While I engaged in first-person reflective
practice of mindfulness meditation, I also explored the aesthetics of attending to self by focusing on
the breath. I then embedded these insights into the virtual environments while exploring theoretical
frameworks and their epistemologies that contributed to interaction design and overall design con-
siderations (see Chapter 2). While Kivanc Tatar designed and implemented an AI musical agent,
our collaboration was built around many engaging conversations regarding the overall atmosphere
and aesthetics we were going for throughout the process. Very early on in the process, we started ex-
hibiting our systems to broader audiences in public exhibitions and conference demos and collecting
feedback in a less formal setting of the lab (see Section 4.4.3). We learned that often our VR systems
would elicit different experiences, depending on the context (lab vs. exhibition). We observed that
the quality of the experience dramatically changed when we moved the setup from the gallery to the
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Figure 8.5: POEMA: a dancer and the audience. Photo credit: Adriano Fagundes

lab (see Section 4.8.3). For that reason, we presented our systems in a different context to gather a
broader range of insights. Over time, such engagement became organic, making our research-creation
approach central to advancing Pulse Breath Water and Respire over three years of active research
and design. As future work, we aim to reflect on the process and what we learned from engaging
in research-creation to develop a methodological protocol for future applications in the context of
research and design of immersive VR in HCI.
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Figure 8.6: POEMA: a participant in VR is changing visuals through breath-based interaction. Photo credit: Adriano Fagundes
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Figure 8.7: POEMA: exhibition invitation
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Figure 8.8: Respire at the Vancouver Art Gallery: a participant. Photo credit: Aynur Kadir

Figure 8.9: Respire at Digital Art Carnival: participants. Photo credit: Sheng Ho
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Figure 8.10: Respire on the cover of Leonardo Music Journal. Photo credit: Adriano Fagun-
des
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Chapter 9

Concluding remarks and future
work

This thesis is positioned in HCI research and design of virtual reality applications for eliciting breath
awareness. Our approach to working on the topics and RQs presented in the thesis was two-fold.
First, we focused on understanding the design space; then, we engaged in designing VR systems for
eliciting breath awareness. This research-creation process, described in Chapter 8, is not linear; it
required multiple iterations and, at times, can be rather “messy”. Yet, the iterative nature of the
process allowed us to continually revisit and expand on what we knew. While we kept the RQs
concise and rigid, the process in which we tackled RQs required us to keep exploring and expanding
our knowledge through our first-person practices and experiences of designing and using the systems
we built as much as the literature review did. Many insights that informed this work came through
sharing our findings in peer-reviewed conferences and journals and receiving feedback.

In all our research endeavors, methodological rigor was the main principle we followed through-
out, starting from how we planned the studies to how we executed them. We conducted all of our
studies in the research lab setting. In addition, throughout our research-creation process we occa-
sionally left boundaries of the lab and stepped into the wild to disseminate our work to broader
audiences in exhibitions, demos, and installations. This part of the process has been crucial in gath-
ering different perspectives on our work and guided the interdisciplinary nature of the work presented
here. While our aim for this thesis is to primarily contribute to HCI and design, we acknowledge
that the broader context for this work is in the intersection of art, science, and technology. We opted
for a pragmatic approach of bringing in different interdisciplinary aspects at different stages with a
goal of answering RQs we set to answer.

Through the work presented in this thesis, we explored the design space defined by the systems
that “translate” breath to different perceptual modalities, to make breath easily accessible to our
attentional capacities, and with a goal of promoting breath awareness and regulation. We structured
this thesis to reflect two main foci of presented research. In this final chapter, I revisit these two foci
of the thesis through RQs and contributions we made. Then I discuss insights that emerged from
various stages of the work presented here. We find that exploring these insights further can advance
our understanding of how to design for breath awareness and regulation and introducing them here
is a first step for future work.
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9.1 Revisiting Thesis Foci
9.1.1 Thesis Focus #1: Design and evaluation of non-instrumental VR

built upon first-person practices of accessing inner self through
breath-based interaction

The complexity of the technological landscape drawing from first-person, reflective practices presents
a rich design space to explore and contribute to, but the question is, where should this work start
from? Our preliminary inquiry yielded promising results regarding a plethora of breathing techniques
and associated health outcomes to be explored further. As we started exploring systems that utilize
breath data and build upon breath-based interaction, we became aware of the entanglement of
theoretical frameworks, pragmatic approaches, and multiplicity of ways how these systems addressed
designing from and with breath. What we encountered was a complex ecosystem of technologies and
their objectives; while some systems targeted anxiety and stress through breath, others used breath-
based interaction to design for mindfulness meditation.

To disambiguate such complexity, we started from gaining an in-depth understanding of de-
sign space for breath-awareness and regulation through the lens of theoretical frame-
works that informed systems’ design. While our interest is in designing VR applications, we
acknowledge the value in understanding a broader scope of interactive systems and current practices
in designing for breath-based interaction and eliciting breath awareness and regulation. While our
initial research question is How can we design immersive VE to “extend inner self” through breath
(making it perceptually accessible) and support awareness of breath and breathing regulation? (RQ1)
we performed a broader literature review to understand how interactive systems in general elicit and
nurture breath awareness and what theoretical frameworks they build upon (RQ 1.1 answered in
Chapter 2). Then, we narrowed our scope and honed in on a subset of VR applications that utilize
breath as design material to understand what theoretical frameworks and design strategies are used
in the context of VR for breath awareness and regulation (RQ 1.2. answered in Chapter 3).

Design and Evaluation of Pulse Breath Water.01, Pulse Breath Water.02 andRespire:
After gaining understanding of the design space through theoretical frameworks and design strategies
for eliciting breath awareness and regulation through the design of interactive systems, we directed
our efforts on the design and evaluation of two VR systems: Pulse Breath Water and Respire. At
this stage, we were interested in answering: Does our immersive virtual environments support elic-
iting breath awareness and regulation, and if so, how?(RQ2) To answer this question, we engaged
in the iterative, research-creation design process that resulted in two iterations of Pulse Breath Wa-
ter system: Pulse Breath Water.01 described in Chapter 4 and Pulse Breath Water.02 described
in Chapter 6. Respire, as the final design, is presented in Chapter 8. We introduced this system
to broader audiences in exhibitions and demos, yet its evaluation in a research study is part of
future work.

We used Pulse Breath Water.02 to tackle RQ2 by asking further What is the mechanism of
eliciting breath awareness that leads to breath regulation in Pulse Breath Water, an immersive virtual
environment? (RQ 2.1) in Chapter 6. To that end we conducted micro-phenomenology interviews
(see introduction to the method in Chapter 5). In Chapter 6, we present the study and the micro-
phenomenology interview findings that unveiled the mechanisms of how Pulse Breath Water.02 can
elicit and sustain breath awareness through audio and visual cues employed in Pulse Breath Water.02.
Following, we performed quantitative analysis of breathing data and presented the results in Section
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6.6.1. The result indicate the potential of Pulse Breath Water.02 to decrease one’s respiratory rate
and elicit prolonged exhales after the reduction of the stimulus in VR (in Phase 3).

Interested in exploring the insights from the micro-phenomenology interviews, we applied the
micro-phenomenology analysis method to two transcripts collected in the interviews. Rationale for
doing this analysis is two-fold. First, the promise of the micro-phenomenology analysis is in its
robustness to capture the structure of the experience in depth. Second, the micro-phenomenology
analysis is a process that is iterative and steps are well documented so it can be repeated in inter-
subjective validation. Our motivation was to learn from first-person experience and understand how
the results from this analysis compare to the results of thematic analysis presented in Chapter 6.
Our findings regarding the experiential structure of eliciting breath in Pulse Breath Water.02 (RQ
2.2) and discussion of the micro-phenomenology analysis method are presented in Chapter 7.

9.1.2 Revisiting Thesis Focus #2: unfolding VR experiences through
micro-phenomenology interview and analysis

The second focus of this thesis is concerned with the methodology and methods for unfolding user
experiences with immersive VR for eliciting breath-awareness. This work encompasses two compo-
nents of micro-phenomenology: the interview method and the analysis method. We discuss both of
these methods in the context of the evaluation of Pulse Breath Water.02.

Micro-phenomenology interview for accessing complexities present in breath-based
VR experiences Our exploration of the value and potential for applying micro-phenomenology in
the context of VR research started with formal training in the interview and analysis component.
Beside first-person experience with the method, we sought to understand how other HCI and design
practitioners apply the method and their experiences with it. To that end, in Chapter 5, we intro-
duce the micro-phenomenology interview method through the insights of five micro-phenomenology
practitioners we recruited and interviewed in our study. Our findings revealed the value of micro-
phenomenology in articulating the experience, developing a vocabulary for multi-sensory experi-
ences, and unfolding the embodied tacit knowledge. These findings lead us to ask: How can we use
micro-phenomenology to access the experience with immersive Virtual Reality? (RQ 3). To answer
this question, we first applied the micro-phenomenology interview method in the study presented
in Chapter 6. The thematic analysis of collected interviews unveiled the mechanisms of how Pulse
Breath Water.02 can elicit and sustain breath awareness through audio-visual mappings employed
in the system.

Then, after we explored the values of the micro-phenomenology interview method for unfolding
complexities of VR-elicited experiences, we completed an inquiry into RQ 3 by exploring how the
micro-phenomenology analysis method can be applied to generate insights regarding the
structure of the experience of eliciting breath awareness and regulation in immersive
virtual environments? (RQ 2.2). Our interest in the micro-phenomenology analysis is in the
rationale that it is an iterative process with carefully documented principles that guide the analysis,
and that can be repeated and used in intersubjective validation in future work. To that end, we first
applied micro-phenomenology analysis to two interview transcripts from the study in Chapter 6 and
presented the micro-phenomenology analysis results in Chapter 7. We complete the answer to RQ 3
by comparing the results of the micro-phenomenology analysis to the thematic analysis of the same
transcripts and discussed the findings in Section 7.3.1.
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9.2 Final discussion and future work
Here, I discuss insights that emerged in various stages of working on this thesis that we find, if
explored further, have the potential to lead to knowledge that can advance the design space of
breath-based VR systems for eliciting breath awareness.

9.2.1 Under-explored appreciation of the body in VR

Our analysis of VR systems that utilize breathing data presented in Chapter 3 indicates that none of
the seven analyzed VR systems are built upon the somaesthetic appreciation theoretical framework.
While there are attempts made to bring body concerns into VR, these efforts are focused mainly on
the concepts of embodiment and body representations in VR. Davies (1998) juxtaposes two ideas:
the immateriality of computer-generated worlds and the body-felt phenomena elicited by those en-
vironments. Davies writes, “OSMOSE as an artwork is motivated by the desire to heal the Cartesian
split between mind/body, subject/object, which has shaped our cultural values and contributed to
the West’s dominating stance towards (and estrangement from) life. In this context, OSMOSE seeks
to re-sensitise — reconnecting mind, body and world.” (Davies; 1998, p.67). Even though Davies’
work opened a design space for further exploration of the body-mind-virtual environment connection
in VR through breath-based interaction, appreciation of the body has not been in the focus of the
seven systems we analyzed in Chapter 3.

However, in our work, we identified the potential of VR as a medium to elicit bodily-felt sensa-
tions. In Section 4.7.4 we describe how the Pulse Breath Water environment made the participants
feel “floating”, “dropping” and “being submerged” in the water, all strong bodily feelings. Similarly,
in Section 6.6.2.3, we describe that participants disclosed how they felt their body move while in
VR, which was triggered by the participants’ movement along the vertical axis in the VR environ-
ment. Finally, in Chapter 7 we describe the experience of two participants who shared that they
“could definitely feel that drop in the stomach that you get when you are falling” and that they
felt “as if I was just diving into water”. Our findings indicate that this could be a fruitful starting
point for further exploration of how the body can be stimulated, appreciated, and designed from
and designed for in VR. Also, to that end, our studies showed that breathing belts, even though
generally undesirable for the comfort factor, can be used to introduce bodily sensations in VR. In
Chapter 7 we describe one participant’s experience of becoming aware of the impact their breathing
had on the virtual environment disclosed: “I think a big part was the strap on my chest and being
able to feel the movement”.

Future work: Our analysis of seven VR systems that utilize breath-based interaction indicated
that breath is used as design material without broader consideration of embodied, bodily aspects
that accompany breathing as a physiological process. We suggest the potential for a design space that
can introduce somaesthetics and soma-based theoretical framework (see Section 2.5.3) for designing
breath-based VR. Expanding the design space of breath-based VR systems upon these frameworks
can lead to exploring different interaction strategies to highlight the aesthetics and nuances of expe-
rience that arises from attending to felt sensations in the body. For example, Exhale by Schiphorst
(2006) translates breath into perceptible breeze felt on the skin, and shared between participants.
Yet, all seven analyzed systems focus on audio and visual cues only, with the exception of Inner
Garden’s tactile stimulation through an augmented reality sand box (though not directly related to
breath). Furthermore, we observe that VR as a medium, has the potential to elicit body-felt sensa-
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tions. In combination with VR, wearable technology (including breath sensing belts) that elicits a
sensorial stimulation of the body can present a rich design space for somaesthetic appreciation and
“articulation of bodily experiences to encourage learning and increase somatic awareness.” (Höök
et al.; 2016, p.3131) including but not limited to breath awareness.

9.2.2 Nature inspired VR and attention restoration potential

Our analysis of seven VR systems in Chapter 3 showed that all of them use either some nature-
inspired elements as representations of breath or immerse the participant in nature-inspired VR.
Sea, ocean, jellyfish, trees, sun, wind are the nature-inspired elements used in the analyzed virtual
environments. We hypothesize that this is due to the attention-restorative potential that nature has
(see Section 6.4.2.2). Kaplan (2001)’s Attention Restoration Theory (ART) focuses on the correlation
between the type of stimuli and restorative potential. The environments with stimuli that modestly
capture attention – such as nature – are preferred over the environments and stimuli that elicit
mental fatigue and cognitive overload. Given that six out of seven analyzed VR systems focus on
improving some aspect of psychological well-being (reducing stress, anxiety) often associated with
cognitive overload justifies the choice of nature-inspired virtual environments that modestly capture
attention. However, when the environments are too simple, they run the risk of participants losing
interest in them too soon.

Future work: Our analysis revealed the challenge presented in how to design systems that
modestly capture attention yet do not elicit mental fatigue. This question opens a design space for
the exploration of a balance between the complexity of the stimulus and attentional capacity, and
exploring if the threshold can be changed through prolonged use of VR. This can be accomplished by
adding various measures that can guide our understanding of the attention-environment coupling.
For example, adding electroencephalography (EEG) measures can help detect participants’ cognitive
activation and attention.

9.2.3 Sensing and translating breath and sensory substitution

In this thesis, we explored approaches to making breath perceptually available by mapping breath-
ing data to different sensory modalities, as presented in Chapters 2 and 3. Núñez Pacheco (2015)
discusses two approaches to the body regarding technology: objective and subjective body [p.955].
The objective body is quantifiable, available to objective measures of third-person methods, and
often referred to in Quantified Self movement (QS). The other, subjective body, is a concept that
acknowledges the experiential richness originating in and from attending to our body1 that encom-
passes feelings, thoughts, and sensations. In contemplative practices, it is the concept of the “subtle
body”: invisible processes that shape our consciousness and are essential to affect regulation and
well-being (Farb et al.; 2015). These phenomena of the subjective body are not necessarily quan-
tifiable, yet they present the experiential complexity and ambiguity that, as discussed by Núñez
Pacheco (2015), define a rich design space to be explored in the context of technology. In that con-
text, the use of technology to “to amplify our access to the perceptual world we subjectively know”
(Núñez Pacheco; 2015) is under-explored in the HCI context, and this thesis highlights the potential
for further exploration towards closing that gap.

1body and soma in this context are used interchangeably Shusterman (2008).
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Through the work presented in this thesis, we focus on understanding prevalent themes in how
HCI has addressed designing breath-based interactive technologies that extend breath awareness and
can support breath regulation. In particular, we focused on disambiguating theoretical frameworks
and their epistemological commitments that inform systems’ design. Then we explored how interac-
tion design embedded in the systems supports the core tenets of analyzed frameworks. What these
systems have in common is that they “sense” breath through a variety of interfaces and translate that
data to other perceptual modalities (see Figure 2.1). This process of “translation of sensory informa-
tion that is normally available via one sense to another” is also known as sensory augmentation
and sensory substitution (Visell; 2009, p.38). However, to tackle these concepts, it would require
in-depth engagement with perception theories that is beyond the scope of this thesis. In particular,
the most relevant theoretical framework is the Enaction that reflects a paradigm shift in cognitive
science that highlights embodied, embedded, extended, and experiential aspects of perception (also
known as 4 E approach) (Varela et al.; 2017; Froese et al.; 2012). In particular, sensory-motor
theory of perception considers perception to be an active process of sense-making emerging from the
body interacting with the environment. In this context, sensory input and motor output are part
of the same meaning-making process that can be mediated and augmented through technology. In
light of the enactive approach, we find many opportunities to explore novel modalities of perceptual
interactions (Froese et al.; 2012) to elicit exploration of the subjective body through breath-based
interaction within HCI. While tackling perception theories regarding perceptually extending breath
in VR is beyond this thesis’s scope, we consider it a logical and exciting next step to be undertaken
as future work.

Future work: As discussed above, we find engaging with cognition and perception theories an
exciting research endeavor to pursue in the context of extending breath and making it perceptually
accessible through technology. We see tackling this by undertaking two directions for this research.
First, we are interested in exploring and contributing to theory in HCI by understanding how the
current technological landscape engages with sensory-motor theory and the 4 E approach. Second,
we are interested in exploring how the 4 E framework then can be contextualized in research and
design of technologies building upon first-person practices that elicit breath awareness. For example,
Froese et al. (2012) discuss the enactivist approach to interface design that supports cultivating
new modalities of perceptual interactions that seamlessly integrate so that they do not obstruct the
activity. Enactivist interfaces build upon the concept of phenomenal transparency, defined by
Thompson and Stapleton (2009) as “for anything external to the body’s boundary to count as a part
of the cognitive system; it must function transparently in the body’s sense-making interactions with
the environment”[p.29]. We are interested in exploring the concepts of phenomenal transparency
further regarding the design of VR systems. Some of the questions we would like to answer are: how
we can experience and attend to aspects of our inner self through transparent interfaces and how
transparent interfaces can potentially be “incorporated” in the body schema to minimize additional
attentional resources. Beyond VR applications, we are interested in exploring how, if such trans-
parency of interfaces in VR is possible, we can apply those insights on the design of mixed reality
applications to augment the physical spaces we inhabit.
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9.2.4 Advancing Pulse Breath Water andRespire in a landscape of breath-
based systems for breath-awareness and regulation

In this thesis, I present Pulse Breath Water through its two iterations (Pulse Breath Water.01,
and Pulse Breath Water.02 ). Pulse Breath Water ’s initial concept builds upon attention restoration
theory and restorative potential of nature scenes (see Section 9.2.2). We also explored breath-based
interfaces and embodied interaction. Applying the analysis lens from Chapter 3, this VR system
belongs to the group of VR systems that “sense” breath through a belt stretch sensor and translate
it to audio and visual cues in the VR, guiding the user’s attention from self to the system and
then again to self. What differentiates Pulse Breath Water from other VR systems is the use of the
AI musical agent (described in the paper added in Appendix D and in Section 4.4.2). The musical
agent was employed primarily to handle the audio corpus and play sound samples based on their
eventfulness (arousal) and pleasantness (valence) levels. These levels of the audio environment were
also used to determine the atmosphere in Pulse Breath Water. The value of eventfulness is mapped
to the ocean waves so that higher aroused states result in a more disturbed ocean surface and waves,
giving the users cues on their breathing frequency and intensity.

We evaluated Pulse Breath Water.02 and focused on answering how this VR system can elicit
breath awareness (Chapter 6). We also collected and analyzed breathing data. This analysis revealed
that participants’ exhales got prolonged after the stimulus decreased (see in Section 6.6.1). Encour-
aged by these results and the Pulse Breath Water.02 system, we designed Respire – mindfulness-
based VR informed by my first-person practice of mindfulness meditation (see Chapter 8 for a full
description). We exhibited Respire, however, the formal evaluation of this system is outlined in future
work below.

Future work: In Pulse Breath Water.02, we focused on understanding how to elicit and sustain
breath awareness through breath-based interaction and guided by AI musical agent in VR. In future
work we would like to explore other interaction modes and approaches to augmenting interaction
through AI and explore experiential accounts of such interaction. In Chapters 6 and 7, we present
interview findings that reveal how sense of agency shapes quality of the experience; yet, often if
the details of interaction mechanism are obscured, participants assign changes in the environment
to “an invisible force” that controls their movement in the environment (when that force is their
breathing). Hence, we are interested in exploring ways through which interaction mechanism can be
disclosed, also how to introduce the concept of an AI agent to participants through interaction in a
way that its role is transparent.

In Section 6.6.1 we present quantitative findings that indicate a possible change in participants’
breathing during the interaction with our VR. While the sample size of our data set is quite small, we
consider these results as indicative of potentially interesting phenomena to explore in future work,
expanding from breath awareness into the regulation aspect of interacting with breath-based VR.
Regulation, in this context, refers to decreasing respiratory rate and prolonged exhales over inhales
(see Section 2.5.1). One way of looking at the regulation of breathing and its positive effects on
health is through the interdisciplinary lens of interoception theories (Farb et al.; 2015). For example,
Moraveji et al. (2012) demonstrated that people who are aware of their breathing have lower resting
respiration rate, without even trying to regulate or manipulate breathing patterns. Lower respiration
rates are linked to lower arousal, and decrease in behavior and thought (Boiten et al.; 1994). More-
over, regulated respiration is linked to modulation of the autonomic nervous system, neurological
and physiological changes that support affect regulation (Jerath and Crawford; 2015). Given that
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breathing is often an anchor of mindfulness meditation practice, and meditators in most cases build
interoceptive awareness starting from breath, breath awareness might have a more significant impact
regarding mindfulness meditation and affect regulation than what we know now, and the HCI field
would benefit from further research into it.

To that end, we are interested in further exploring our VR systems’ potential in the context of
breathing regulation and its health benefits. In particular, in the context of non-instrumentalized
use of VR, we are interested in experiential accounts of such regulation. How does slowing breathing
and decreasing respiratory rate reflect in participants’ experiential accounts? How can we design for
those experiences, and what are the potential benefits of such interaction? These are some of the
questions we are interested in exploring as future work.

9.2.5 Micro-phenomenology elevated

In this thesis, I introduced micro-phenomenology by outlining both the theoretical underpinnings of
the micro-phenomenology interview and analysis methods, and also insights into how both methods
are applied and utilized in the context of VR elicited breath awareness. Yet, with the growing interest
in first-person research methods (Prpa and Pasquier; 2019) and our recent efforts to bring micro-
phenomenology method closer to HCI and design (Prpa et al.; 2020), we would like to continue
to explore how micro-phenomenology interview and analysis can further contribute to HCI research
and design of interactive systems.

Future work: In Section 7.3.5 we outline a plan and directions where we would like to focus
our efforts to advancing our understanding of micro-phenomenology. Here, I revisit this plan on
further contextualizing, refining of the interview and analysis method, and exploring the application
of micro-phenomenology in an educational and industry context.

Regarding further contextualizing, we aim to explore how micro-phenomenology contributes to
the methods that belong to the qualitative research paradigm shift highlighting the participation
and essential role that both the interviewer and the interviewee hold. Kaufmann (1996) argues
that interaction of the interviewer and the interviewee determines an “experimental situation”. We
are interested in understanding the nuances of the interviewer’s role in the emergence of discursive
data (Ferreira; 2014). The role of the interviewer in this context is central to the quality of the
descriptions that emerge from the interaction with the interviewee (as discussed in the context
of micro-phenomenology in Chapter 5). We set to further explore the findings in Chapter 5 to
understand the nuances of the interviewer’s role, capturing actions that can guide and advance the
interaction between the interviewee and the interviewer to improve the quality and precision of the
descriptions that emerge.

We are also interested in learning whether such interaction in the micro-phenomenology interview
can alter the interviewee’s recollection of the experience and if yes, in what ways? Does the experience
get solidified in the process of elicitation and interview? Can such interaction, in the context of VR
for eliciting breath awareness and regulation, make participants rely less on using technology by
eliciting and visualizing solidified experiences, without technology? These are some of the questions
that we are eager to start exploring.

In Section 5.6.3.4, we present the potential of micro-phenomenology application in design ped-
agogy by involving participants in co-creation. We are interested in understanding the nuances of
how co-creation can be further supported by micro-phenomenology and we are interested in defin-
ing micro-phenomenology based protocols that can be applied in design research. I would like to
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develop a pedagogy for novel UX methods, including micro-phenomenology focusing on capturing
expert knowledge and approaches to translating it to different learning modalities and knowledge-
sharing platforms.

More specifically related to UX design and research methods, I am interested in exploring how
micro-phenomenology fits within the plethora of other UX methods, and how it can be applied
in academia but also in the context of industry standards. To that goal, I would like to continue
exploring how micro-phenomenology, along with other UX methods, can contribute to a better
understanding of experiences with interactive systems, especially related to capturing embodied
and tacit aspects of experiential content. Finally, we acknowledge the advantages of quantitative
data analysis and the potential of insights that emerge from combining qualitative and quantitative
methods. One aspect particularly unexplored is finding approaches to triangulating qualitative and
quantitative data to offer a broader range of insights into a research problem. We just scratched
the surface by using quantitative data to, at times, clarify ambiguities in qualitative data in Section
7.3.5, yet there are plenty of unanswered questions worth exploring.

9.3 Conclusion
Our present technological landscape is quite complex: mediated social interactions, computer- sup-
ported collaboration, social computing, wearable and emerging technologies and many other areas
enabled by digital systems contribute to majority of aspects of our lives being governed by technol-
ogy. In this complex landscape, some technologies show promises in helping us achieve our potential
by establishing healthy routines, eliciting positive health outcomes, and promoting well being. Im-
mersive Virtual Reality has been used in mental health interventions for the past thirty years, mostly
building upon cognitive-behavioral therapies to bring about a positive change to one’s health and well
being. More recently, VR applications for health and well-being expanded from cognitive-behavioral
approaches to encompass a wide variety of theories and theoretical frameworks including first-person
reflective practices such as mindfulness. These efforts have been amplified by the change in FDA
regulations that acknowledge the potential of digital health interventions 2 and a potential impact
of software as a medical device3. These regulatory changes brought a wave of FDA approved solu-
tions, among which virtual reality applications are gaining a significant traction4. However, designing
VR applications comes with many challenges. We tackled some of them by focusing on designing
for breath awareness and unfolding the experiential accounts of interaction with our VR systems
through qualitative methods. Yet, we highlight the role of different methodologies in such complex
and interdisciplinary work positioned in the intersection of art, science, and technology. We look
forward to exploring the emerging challenges in more depth as the field continues to evolve.

2https://www.fda.gov/medical-devices/digital-health

3“software intended to be used for one or more medical purposes that perform these purposes with-
out being part of a hardware medical device.” https://www.fda.gov/medical-devices/cdrh-international-
programs/international-medical-device-regulators-forum-imdrf

4e.g., https://www.xr.health/, https://peartherapeutics.com/
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The PhD thesis may have the form of a monograph (i.e., the classic thesis format of one single document), or of a 
compilation with a number of scholarly peer-reviewed articles (“cumulative thesis”). Students should always consult 
early on with their senior supervisor and committee, who will discuss with them and decide what form of thesis is the 
most suitable for a given case.

Note that these guidelines described here are only general guidelines, and the students’ supervisory committee might 
have different requirements and will have the ultimate say in what contribution is required for a thesis. Master’s thesis 
may also be in the form of a cumulative thesis if suitable and advised and approved by the senior supervisor(s). 

1. In the case of a cumulative thesis, these scholarly articles are to be connected by an initial introduction
chapter (explaining the subject and scope of the work and how the different articles contribute) and a
summative final discussion chapter (that includes the overall contributions, main conclusions, and an outlook).
This serves to interrelate the contributions as well as discuss and draw conclusions from the entire work. The
publications need to be integrated as chapters into the theme of the thesis and must deal with the overall topic
of the thesis. The thesis should have continuous pagination and an aggregated bibliography. The individual
papers may still have their own bibliography in addition.

2. The thesis should have a content and depth corresponding to a classic (monograph-style) thesis. E.g., this
might be achieved by about 3-6 peer-reviewed conference papers, journal articles, or other scholarly
contributions of high value where the supervisory committee assesses the quality as being appropriate. The
articles  should maintain such a level that they could be accepted for publication in an international scholarly
journal  with a rigorous referee procedure. At least two of these articles should already have been accepted for
publication or be published. All may already be published. For published articles, the comprehensive biblio
graphic reference should be stated. For accepted or submitted manuscripts, the venue and date of
acceptance/submission should be included.

3. The individual articles may have been written together with the main supervisor, another supervisor or other
persons. In order to show that the candidate has attained the intended proficiency, the majority of the articles
must have been written by the candidate personally (which should normally result in first authorship) and
comprise a substantial part of the thesis as a whole. The thesis should be accompanied by a detailed descrip
tion of all the authors’ contributions to each of the articles.

4. In terms of its scholarly contribution, a cumulative thesis in its entirety shall satisfy the same academic
requirements as a thesis in the form of a monograph. Any submission of constituent parts that had been
published/submitted/written before the student started his/her doctoral/masters studies or is primarily based
on prior work may be included to contextualize the thesis if properly declared, but typically does not count
towards the scholarly contribution of the thesis.

5. Before your article is published by a publisher, you can attempt to retain specific rights to your work through
a publication agreement addendum, such as the SPARC Canadian Author Addendum. If you did not retain rights
to re-use your article, you can request permission to include your article in your thesis by emailing or writing to
the copyright holder, explaining how and why you want to use the work and requesting permission.  If granted
permission, you should keep a record of who gave the permission, what was permitted, the date, and how to
contact the person who gave the permission. A copy of each relevant copyright release must be included in your
Thesis Package. If the publisher will not grant you permission, it may still be possible to use the content of the
pre-print or post-print of your article, depending on the publisher’s copyright policies outlined in the
publisher's copyright transfer / author publication agreement, many of which can be found on the
SHERPA/RoMEO website. You can find the latest information about copyright on the Copyright at SFU website. If
you have questions about retaining or obtaining copyright permission, you can always contact your liaison
librarian.

For reference: Original regulations
 http://students.sfu.ca/calendar/interactive-arts-technology/iat-PhD.html#program

SIAT GUIDELINES 
WRITING A CUMULATIVE THESIS
Produced by the SIAT Graduate Program Committee, 6 November 2013

This document is adjunct to SIAT's calendar entry and to SFU's Graduate General Regulations. It describes SIAT's normal 
practice with respect to the topic it addresses. 
It has been approved by SIAT's Graduate Caucus.
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iSpaceLab, School of Interactive Arts and Technology, Simon Fraser University, Surrey, BC, Canada

Practices such as mindfulness, introspection, and self-reflection are known to have

positive short and long-term effects on health and well-being. However, in today’s

modern, fast-paced, technological world tempted by distractions these practices are

often hard to access and relate to a broader audience. Consequently, technologies

have emerged that mediate personal experiences, which is reflected in the high number

of available applications designed to elicit positive changes. These technologies elicit

positive changes by bringing users’ attention to the self—from technologies that show

representation of quantified personal data, to technologies that provide experiences

that guide the user closer in understanding the self. However, while many designs

available today are either built to support or are informed by these aforementioned

practices, the question remains: how can we most effectively employ different design

elements and interaction strategies to support positive change? Moreover, what types

of input and output modalities contribute to eliciting positive states? To address these

questions, we present here a state of the art scoping review of immersive interactive

technologies that serve in a role of a mediator for positive change in users. We

performed a literature search using ACMDigital Library, Web of Science, IEEE Xplore, and

Design and Applied Arts Index (beginning of literature—January 1, 2018). We retrieved

English-language articles for review, and we searched for published and unpublished

studies. Risk of bias was assessed with Downs and Black 26-item QAT scale. We

included 34 articles as relevant to the literature, and the analysis of the articles resulted

in 38 instances of 33 immersive, interactive experiences relating to positive human

functioning. Our contribution is three-fold: First we provide a scoping review of immersive

interactive technologies for positive change; Second, we propose both a framework for

future designs of positive interactive technologies and design consideration informed by

the comparative analysis of the designs; Third, we provide design considerations for

immersive, interactive technologies to elicit positive states and support positive change.

Keywords: scoping review, immersive technology, positive technology, transformative technology, design, virtual

reality, augmented reality, mixed reality
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INTRODUCTION

Technology is becoming increasingly more prevalent in our
everyday lives. Yet, for all the new hardware and gadgets
available, we have only recently seen an increased interest
in designers, developers, and researchers deliberately thinking
about how these technologies might be used to improve our
lives and increase our well-being (Bowman and McMahan, 2007;
Roo et al., 2016; Valmaggia et al., 2016; Gaggioli et al., 2017).
The Western practice and literature so far has focused primarily
on mental health problems and treatments, from a medical or
psychiatric lens (Valmaggia et al., 2016) and with a focus on
treating symptoms rather prevention. Furthermore, literature
focusing on healthy populations and using a preventative
medicine point of view is uncommon. Focusing on preventable
measures is important because non-communicable diseases
cause 70% of deaths globally and about half of all deaths in
the US were preventable (Mokdad et al., 2004; WHO, The top
10 causes of death), and the use of preventative healthcare
has shown to provide numerous health benefits and increase
quality of life dramatically (Cohen et al., 2008; Maciosek et al.,
2010). That said, there does appear to be a rise in interest
in using technology for positive human functioning and well-
being across many different domains. This diversified interest
seems to imply promise for future applications of technology
for improving positive experiences and health. Yet, a challenge
lies in trying to integrate all the existing knowledge across the
various domains because, although they are all aiming toward a
common goal, they are using different terminology, frameworks,
and theoretical lenses to approach the topic. We have created
a visualization in an attempt to better understand both the
development of these different domains over time and how they
interact with each other (see Figure 1), and will elaborate on it
below. Approaches to technology that supports positive human
functioning and well-being appear to be seeded from three
different domains: Psychology, HCI, and Computer Science. We
will briefly discuss the history of these approaches, although we
recognize that this may not be an exhaustive list because of the
highly multidisciplinary nature of this research area.

Psychology
In the late 1990s, Psychology was dominated by psycho-analysis
and behaviorism that focused on a “mental illness” model of
human functioning. Positive Psychology was then introduced as a
counter to this way of thinking; instead it emphasized happiness,
well-being, and positivity. Positive Psychology originated with
Seligman’s PERMA theory and Csikszentmihalyi’s Flow theory.
PERMA consists of five elements that can help people reach a
life of fulfillment, happiness, and meaning: Positive emotions,
Engagement, Relationships, Meaning, and Achievement. Flow
is an activity with goals/progress, feedback, and balancing
perceived challenge and skill. Together, these two theories then
formed the basis of several positive technology approaches
including Persuasive Technology, Positive Computing, and
Positive Technology. Fogg (1999) was one of the first researchers
to put forth the idea that computers are able to persuade
or change the behavior of people. Later, Knowles (2013)

expanded upon this idea by placing importance on implicit
values of both the user and designer to motivate behavior
change. Positive Computing and Positive Technology both
arose as ideas around the same time and are highly related
(Gaggioli et al., 2017). Both consider ways for bringing well-
being considerations into interaction design through positive
technology theories. One difference is that Positive Computing
(Sander, 2011; Calvo and Peters, 2014) uses an engineering
lens for considering well-being in any technology either as
preventative or active integration, whereas Positive Technology
(Riva et al., 2012) uses a psychological lens for considering
technology as a platform for supporting and sustaining well-
being and the process of change. TechnoWellness (Kennedy,
2014) emerged in response to Positive Technology, arguing
that Positive Technology was missing key factors for holistic
wellness based on a counseling perspective that uses the IS-
Wel model (Myers and Sweeney, 2005). The IS-Wel model, or
Indivisible Self Model of Wellness, integrates both the model
of the Indivisible-Self and the five factor Wellness Wheel.
Emotional Design emerged with this effort to promote positive
emotions or pleasure in users (Norman, 2004), and has since been
expanded upon to the design of interactive technologies (Triberti
et al., 2017). Directly stemming from Positive Technology came
Computer-Mediated Self-Transcendence (Gaggioli et al., 2016),
which is a more specific pathway of Positive Technology that
focuses on interactive technologies to support self-transcendent
emotional experiences. Similar to Computer-Mediated Self-
Transcendence, Transcendence Technology (Mossbridge, 2016)
seeks to use technology to move beyond the self and connect
with others, but was developed more through a noetic sciences,
i.e., parapsychological, lens. A specific example of Transcendence
Technology is the study of lucid dreaming to inform the design
of virtual reality introspective experience (Kitson et al., 2018).
Desmet and Pohlmeyer (2013) took cognitive emotion theory
and combined it with user experience (UX) design to form
the framework of Positive Design, design that promotes human
flourishing. A few years later, Buie (2016) formed Techno-
Spiritual Design. Seemingly not wanting to use any of the
existing theories on designing technology for well-being, Buie
used a research through design approach to actively engage the
user throughout the design process of creating technological
experiences that support going beyond the self.

Human-Computer Interaction (HCI) and
Computer Science
The idea of understanding human nature in relation to work
has been around for a long time. In 1857, Jastrzebowski
(1857) first coined the term ergonomics, referring to worker
productivity in labor, entertainment, reasoning, and dedication.
More contemporarily, ergonomics was reintroduced in the 1970s
by Murrell (Edholm and Murrell, 1973) to mean understanding
human-system interactions to optimize human well-being and
system performance. Ergonomics then took on many different
forms and specialties including cognitive ergonomics that
encompasses usability, human-computer interaction (HCI),
and user experience (UX) design. Some researchers viewed
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FIGURE 1 | Existing domains of technology for positive functioning and well-being: moving along the y-axis is the passage of time on a non-linear scale that depicts

the growth of different fields that stem from the foundational three domains of Computer-Science, HCI, and Psychology. Each color represents a different domain; the

stems show the progression of the domain, feeding into the next; and the leaves are colored by the influences from those domains. Leaves represent the first

conceptualization of an approach, and do not imply the cessation of progress, e.g., Affective Computing was first introduced in the 1990s and is still relevant today.
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Ergonomics as focusing on negatively framed constructs such
as pain prevention, particularly in the workplace. In order to
look at the same human-technology interaction problem from a
different perspective, a group of researchers created Hedonomics,
the science and design devoted to the promotion of pleasurable
human-technology interaction (Helander, 2002; Hancock et al.,
2005). In the mid 1980s, the term User-Centered Design was
first coined by Donald A. Norman’s work in their lab (Norman
and Draper, 1986). This concept focused on putting the user’s
needs and wants at the forefront of the product rather than
trying to force the user to adapt their existing behaviors. User-
Centered Design was soon adopted into many fields as a way
to incorporate user feedback throughout the design process and
not only at the evaluation phase as was originally used. Friedman
andKahn (1992) introducedValue-Sensitive Design—developing
technology by making decisions based on implicit and explicit
values, and that values of both designers and users should be
accounted for. Value-Sensitive Design guidelines were eventually
developed with an ethical values framework in mind (Friedman
et al., 2006). Meanwhile, in the domain of computer science,
Weiser and Brown (1996) were developing a framework for
designing the interaction between technology and user that had
the technology seamlessly integrated without constantly being at
the center of attention—Calm Technology. At the same time,
Affective Computing used both physiological and psychological
theories and both computer science and HCI lenses to support
the design of technology that recognizes, interprets, processes,
and simulate human affect (Picard, 2010). The seeds of both
Computer Science and HCI contributed to fields of Positive
Computing and Persuasive Technology as well (discussed above).
Two other fields that emerged from the domain of HCI
are Somaesthetics (Schiphorst, 2009; Shusterman, 2012) and
Anthropology-Based Computing (Brown, 2013). Somaesthetics
grounds itself in human bodily experience and movement to
inform design, particularly the aesthetics of interaction. This
approach has been adopted by many designers of technologies
that support positive human functioning (for example: Lee et al.,
2014; Höök et al., 2015). Anthropology-Based Computing uses
basic human behavior in our natural habitat as a basis of
designing technological systems.

Motivation
Overall, following the emergence and the advances in the
field of human-computer interaction, many different research
domains have been focusing on designing for human-technology
interactions that support positive human functioning and well-
being, as discussed above. The foci of HCI research have been
greatly concerned with the question: How to aid and mediate
the interaction between a user and a system in such a way to
allow for more efficient accomplishment of a task, that being
retrieving the information, or alleviating states (e.g., stress) that
can prevent them from accomplishing a task. Furthermore,
early technological developments were focused on performance
and production from an Engineering and Computer Science
standpoint of usability and information retrieval.With the advent
of the informational age, HCI and Psychological theories came
together to ground human-technology interactions in genuine

human experience, emphasizing the stance of the user over the
system. We can see these ideas and framework permeate into
the UX and design space, leading to current trends of using
immersive, interactive technologies for providing experiential
accounts mediated through technologies that support positive
human functioning and well-being. However, there is not a
clear understanding of what this design space looks like and
how we might move forward with all these approaches in
mind. In continuing the trajectory laid out in Figure 1, we
seek to understand how immersive, interactive technologies
might elicit positive states and support positive change. We
found that there exist a few review articles on interactive
technologies for supporting mindfulness (Sliwinski et al., 2017),
transcendence (Mossbridge, 2016), and health (Botella et al.,
2017). However, there does not seem to be comprehensive
reviews looking at immersive, interactive technologies in eliciting
positive states and supporting positive change. This motivated us
to perform a scoping review in order to explore the extent of
the literature in this domain, and potentially inform the scope
of a future systematic review. While mindfulness may fit into
the idea of positive states and positive change, we differentiate
ourselves by expanding and including immersive, interactive
experiences that support people on hedonic, eudaimonic, and
social/interpersonal levels, which are the three positive technology
domains as put forth by Riva et al. (2012). Hedonic relates
to pleasant sensations, eudaimonic focuses on meaning and
self-realization, and social/interpersonal involves relations or
communications between people. We emphasize the focus on
immersive technologies because they have a high potential
of influencing and transforming the user through increased
presence, the physical feeling of being in the simulated
environment, which then enhances the experience’s effectiveness
(Riva et al., 2007; Diemer et al., 2015; Cummings and Bailenson,
2016).

Defining Immersive, Interactive, and
Well-Being
The term “immersion” has been discussed and used by
researchers in the technology field for decades, yet there seems
to still be some confusion because the term is so widely used
to describe experiences in games (Brown and Cairn’s, 2004;
Ermi and Mäyrä, 2005), paintings (Grau, 2003), literature (Nell,
1988), and cinema (Bazin, 1967). Defining immersion is critical
to our understanding of the relationship between the user and
the virtual environment because it addresses the very notion of
being in the context of such simulated environments (Grimshaw,
2013). Moreover, without a clear definition of the concept,
results can be uninterpretable. Some researchers, particularly in
the gaming field, view immersion as different facets: sensory-
motoric immersion, cognitive immersion, emotional immersion,
and spatial immersion (Bjork and Holopainen, 2005). Ermi
and Mäyrä’s (2005) SCI model of immersion consists of three
components: sensory, challenge-based, and imaginative. These
models of immersion seem to suggest that immersion is a
psychological process. However, contemporary researchers of
immersion (IJsselsteijn and Riva, 2003; Rettie, 2004; van den
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Hoogen et al., 2009) roughly follow Slater andWilbur’s definition
of system immersion as

a description of a technology. . . that describes the extent to which

the computer displays are capable of delivering an inclusive,

extensive, surrounding and vivid illusion of reality to the sense

of a human participant (Slater and Wilbur, 1997, p. 606).

Here, immersion appears to be less of a psychological process
and more of a physical process where our bodies and senses are
tricked into behaving and reacting like the virtual environment
is real. A similar construct, presence, is then the psychological
process of believing the virtual environment is real or the feeling
of “being there” (IJsselsteijn and Riva, 2003). Following these
definitions of immersion and presence, virtual lucidity, a term
defined by Quaglia and Holecek (2018) is when a person is
immersed (the virtual environment feels real) yet not present
(knows the virtual environment is not real). This review is
focused on the psychological factors determining presence; we
note, however, that there are different theoretical accounts on
the definition of presence and which factors influence it (Coelho
et al., 2006; Triberti and Riva, 2016). Aligning ourselves with
contemporary definitions, we also chose to follow Slater and
Wilbur’s definition of immersive as an objective property of the
technology for the purposes of this review.

Steuer (1992) defines interactivity as “the extent to which users
can participate in modifying the form and content of a mediated
environment in real time” (p. 14). Rubio-Tamayo, Barrio, and
García have defined interactivity as

the potential to receive information from the ensemble of our

senses and to construct and configure an alternate reality or

to simulate reality. Additionally, it is the potential to influence

(in real time) in the digital environments, the objects and the

narrative framed in it (Rubio-Tamayo et al., 2017, p. 11).

Non-interactive technological experiences such as web-pages,
video instructions, guided mobile apps, 360 videos, and movies
were excluded from this review. These applications can provide,
from a certain point of view, a two-way flow of information
between computer and user. However, they do not meet the
definition proposed by Rubio-Tamayo et al. (2017) as having
the potential to influence digital environments. Related to
interactivity is the construct of embodiment, where cognition is
shaped by the body (Varela et al., 1992; Markman and Brendl,
2005). Technologies can be embodied for their abilities to modify
the cognitive factors regulating the experience of body and space
(Riva et al., 2016).

Well-being refers generally to the interconnected dimensions
of physical, mental, and social health of an individual.
A few models in psychology attempt to understand and
define well-being. First, is the broaden-and-build hypothesis
that states positive emotions broaden people’s momentary
thought-action repertoires, and positive emotions build over
time enduring psychological, intellectual, physical, and social
resources (Fredrickson, 2001). Second, is the self-determination
theory where autonomy, competence, and relatedness needs
must be satisfied in order to foster well-being and health; and

self-determined behavior is intrinsically motivated (Ryan and
Deci, 2000). Third, authentic happiness theory postulates that
pleasant life, engaged life, and meaningful life are the three
concepts needed for well-being (Seligman, 2002). However,
several limitations were found with this theory, and so
he developed PERMA-theory (Seligman and Csikszentmihalyi,
2014):Positive emotions (happiness, joy, excitement, satisfaction,
pride, awe); Engagement (flow); Relationships (work, familial,
romantic, platonic); Meaning (purpose); Accomplishments
(success and mastery). In this review, we consider all of these
conceptualizations of well-being in an attempt to discover as
many immersive, interactive experiences that support well-being
as possible.

Objectives and Research Questions
We Make Four Contributions in This Paper
First, we identify the design elements and interaction strategies
that contribute to well-being and positive affective states. And,
in this process, we unveil design nuances and note the obstacles
users encounter in interacting with the particular XR technology,
a term which includes virtual, augmented, and mixed realities.
Second, we identify the input-output modalities of the system
and the psychological outcomes of each study. Third, we present
a framework for designing transformative experiences with
immersive, interactive technologies whose goal is to elicit positive
states and support positive human change. Fourth, we provide
design considerations informed by the comparative analysis of
the designs and a framework for future designs of positive
interactive technologies with the goal of eliciting positive states
and supporting positive change in users.

To assess the current state of the research in positive,
immersive, interactive technologies, this scoping literature review
will address two research questions:

RQ1: How can we most effectively employ different design
elements and interaction strategies to support positive change
in immersive, interactive technologies?
RQ2: What are the input and output modalities of immersive,
interactive technologies that contribute to eliciting positive
states?

METHODS

Scoping Review Protocol
We undertook this study as a scoping literature review based
on guidelines proposed by Arksey and O’Malley (2005) and
Levac et al. (2010). Scoping reviews are a process of mapping
the existing literature or evidence base in order to identify
research gaps and summarize research findings. Scoping reviews
differ from systematic reviews in that they use broader research
questions, inclusion/exclusion criteria can be developed post hoc,
quality is not an initial priority, it may or may not involve data
extraction, and synthesis is more qualitative and not typically
quantitative (Armstrong et al., 2011). Still, both scoping and
systematic reviews require rigor and time to complete. We
decided on a scoping review over a systematic review because
our research questions are explorative and our objective is
to map the literature with a broad viewpoint, rather than to
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respond to narrow research questions. We registered our review
on PROSPERO—registration # CRD42018082752. The following
steps were taken in accordance to the scoping guidelines:

1. Identify the research questions,
2. Identify relevant studies,
3. Study selection,
4. Charting the data,
5. Collating, summarizing, and reporting results.

Identifying Relevant Studies
A systematic search of the literature was performed in four
academic databases that were considered themost relevant due to
their focus on HCI: ACMDigital Library, Web of Science, Design
and Applied Arts Index (DAAI), and IEEE Xplore (IEEE/IET
Electronic Library). Google Scholar was used as an additional
academic search engine to ensure all relevant articles were found.

The search was focused on immersive and interactive
technologies and experiences, which included virtual,
augmented, and mixed realities, otherwise known as “XR.”
The XR experiences were related to positive well-being and not
on clinical interventions relating to treating disease. We sought
articles from any time until January 2018, the end of this search.
We utilized the retrieval of relevant articles with the following
search terms based on the definitions of immersive, interactive,
and well-being for technologies:

(“immersive” OR “interactive” OR “virtual realit∗” OR

“augmented realit∗” OR “mixed realit∗” OR “extended realit∗”)

AND (“well-being” OR “wellbeing” OR “well-being” OR

“wellness” OR “positive” OR “emotion∗” OR “social” OR

“autonomy” OR “competence” OR “relatedness” OR “pleasant”

OR “engag∗” OR “meaning∗” OR “happiness” OR “joy” OR

“excitement” OR “satisfaction” OR “pride” OR “awe” OR “flow”

OR “relationship∗” OR “purpose” OR “success” OR “mastery”).

The first part of the search index includes technologies that are
immersive and interactive. The second part includes terms taken
directly from well-being theories: broaden-and-build model
(Fredrickson, 2001), self-determination theory (Ryan and Deci,
2000), authentic happiness theory (Seligman, 2002), and PERMA
theory (Seligman, 2012).We also decided to include the following
search terms, which were part of a sub-search, based on the
theoretical approaches we described in the introduction and
list in Figure 1 because they are directly related to supporting
positive human functioning and well-being with technology:

(“tech∗” OR “computing”)AND (“change” OR “support tool” OR

“connection” OR “calm∗” OR “essential self ” OR “transcenden∗”

OR “transformative” OR “self-transcend∗” OR “consciousness

hacking” OR “UX for good” OR “spiritual” OR “persuasive” OR

“lovingkindness” OR “metta” OR “mindful∗” OR “meditat∗”).

We applied this search string to the title, abstract, full-text, and
author keywords. Applicable articles were also identified through
backward reference searching, i.e., by screening the reference lists
of retrieved publications. Google Scholar was utilized for the
backward reference searching to run general searches of specific
references and to identify relevant articles.

Study Selection
Peer-reviewed articles as well as scholarly work such as
dissertations, theses, and conference proceedings with the
following characteristics, published from the beginning of the
literature until January 2018, were included:

• written in English,
• having at least one immersive and interactive technology,
• having a goal to improve well-being.

We included other scholarly work, i.e., dissertations, theses,
and conference proceedings, because these works were also
relevant to the field, they often report studies that can be
important for our research questions, and we wanted to be
comprehensive in our study selection. Blog entries and websites,
although can be insightful and managed by scholarly affiliations,
were excluded because they often do not report studies and
are difficult to compare to other literature types. Immersive,
interactive technologies were chosen as the appropriate setups
in order to keep the review the most up to date, and
because they are relevant for transformative experience design.
The immersive, interactive experiences themselves needed to
include a well-being component or focus on positive human
functioning in order to relate to the core elements of transcendent
experiences.

Consequently, articles with the following characteristics were
excluded:

• using exclusively desktop-based, tablet-based, or mobile
virtual environments,

• non-interactive experiences,
• addressing solely conceptual matters, such as theoretical

models, frameworks, reviews, etc.,
• using immersive, interactive technology as a tool for studying

a different, unrelated topic.

The screening process and its results are visualized in Figure 2.
The first and second author screened the results independently
and then compared agreement. If there was a discrepancy, then
the third author was consulted. The initial search elicited 984
articles from the four databases and four from the reference
review, which were retrieved with Google Scholar. One hundred
and three duplicates were identified and removed, leaving 885
articles to be screened. The initial screening of studies was
based on their abstracts and titles, excluding noticeably irrelevant
studies based on the inclusion/exclusion criteria listed prior. In
total, 209 articles were identified as appropriate for inclusion,
and they were moved to the second screening round. The
second round of screening was based on the full text of the
articles and the first and second authors independently reviewed
each using the inclusion/exclusion criteria set before the search,
as suggested by Levac et al. (2010). In total, 29 articles were
identified as appropriate for inclusion and relevant to the current
review. The authors reviewed all 29 articles independently.
All reviewers together conjointly shaped the categories and
themes of the review, based on the data extraction process.
The authors discussed and settled any disagreements of the
qualitative synthesis of the review before writing the final
narrative.
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FIGURE 2 | Flowchart of the included and excluded articles from the assessment of screening and eligibility process.

Charting the Data
The screening process resulted in 29 articles that satisfied the
inclusion criteria. The data extracted from each article were the
following:

1. source and full reference
2. description and name of the immersive interactive system
3. relevance to well-being and positive functioning
4. type of XR
5. technology used
6. platform
7. target user
8. number of users in study
9. input/output modalities
10. design elements and interaction strategies used

11. outcome
12. how design elements and interaction strategies contributed

to support positive change and/or elicit positive states

See Supplementary Material for a detailed table of the data
extracted. If data were missing, the study authors were contacted.
The first author performed the data extraction process.

Collating, Summarizing, and Reporting the
Results
The collected data were synthesized by identifying themes
emanating from information reported in each accepted paper
and related to the research questions. Themes were classified
into a concept matrix to facilitate comparisons. A concept
matrix provides the transition from an author-to-concept-centric
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literature review, provides structure and helps in clarifying the
concepts of the review for the reader.

The main themes identified were as follows:

• The design elements and interaction strategies used
(addressing RQ1)

◦ the article’s relevance to positive functioning
◦ how these elements and strategies support positive change

• Input/output modalities (addressing RQ2)

◦ the type of XR
◦ the technology used
◦ the platform
◦ the outcome

These themes were based on the description provided in the
articles, as crosschecked with other related and/or peer reviewed
publication in the field to establish their scientific soundness,
mainly toward nomenclature and interaction features. Next, the
identified themes were normalized and classified so they would be
easily comparable and fit into the concept spreadsheet in a valid
and lossless way. Comparative studies that included two or more
immersive, interactive experiences were tabulated in a respective
number of rows.

In order to assess risk of bias (quality), we used the Downs
and Black 26-item QAT scale (Downs and Black, 1998). A review
article looked at 60 research evaluation systems and identified the
Downs and Black checklist as one of the best evaluation systems
available (Deeks et al., 2003). The Downs and Black checklist
provides an overall quality index and four sub-scales of quality
assessment: reporting, external quality, internal validity bias, and
internal validity confounding. Answers are scored 0 or 1, except
for one item that scored 0–2making the maximum score possible
27. Generally speaking, scores are considered “excellent” (24–28
points), “good” (19–23 points), “fair” (14–18 points) or “poor”
(<14 points).

RESULTS

Of the 29 articles found in the scoping review process, some
articles contained multiple systems and studies. Thus, we
documented 33 immersive, interactive experiences relating to
positive human functioning. However, we excluded 13 of those
33 XR experiences in the Downs and Black analysis because they
were only proof of concept and did not have any participants,
thus rendering the scale irrelevant. Therefore, we examined the
remaining 20 experiences using the Downs and Black QAT
scale. For the overall quality index, i.e., all 26 items comprising
all sub-scales, a maximum score of 27 was possible. For the
20 experiences examined, the average overall quality index was
17.4 (SD = 2.96) with scores ranging from 12 to 23. Based on
interpretations of this scale, these studies are considered fair
to good with only one study performing poorly in terms of
validity and reliability. One possible reason for the wide spread
of scores is because the studies were for different audiences. For
example, a psychology study might use similar metrics to the
Downs and Black scale to assess quality and thus have a higher

score compared to a user study or art installation that uses a
different set of metrics to assess quality.Moreover, thismetric was
designed for medical intervention studies, which require a high
degree of methodological quality; this is not necessarily the aim
many of these articles we found here. Nonetheless, these results
do show the range in methodological quality in the field and
perhaps in the future researchers might consider using a similar
metric to provide more rigor in their user study analyses.

Design Elements and Interaction
Strategies
The 12 main themes that inform the design elements and
interaction paradigms of the 33 documented immersive,
interactive experiences are presented as follows.

• Breath awareness: Users’ respiration data (inhale/exhale cycle)
were recorded through either a respiration belt ormicrophone.
These data were then employed in interaction design for users
to become more mindful of their bodily processes (Davies
and Harrison, 1996; Shaw et al., 2007; Hinterberger, 2011;
Vidyarthi, 2012; Bal, 2013; Kitson et al., 2014; Prpa et al.,
2015, 2016, 2017; Muñoz et al., 2016; Roo et al., 2016; Du
Plessis, 2017) or achieve a relaxing state (van Rooij et al., 2016;
Patibanda et al., 2017).

• Concentration or focused attention: Users’ awareness of the
present moment was supported through design that helps
users bring their attention back when they have distracting
thoughts. This was achieved explicitly through biofeedback
(Shaw et al., 2007; Prpa et al., 2015, 2016; Amores et al., 2016;
Kosunen et al., 2016; Muñoz et al., 2016) or implicitly by visual
or auditory cues (Gu and Frasson, 2017; Navarro-Haro et al.,
2017).

• Connection: Users can feel a sense of belonging and
relatedness through telepresence and communication (Garau
et al., 2003; Angelini et al., 2015; Sakamoto et al., 2015;
Seaborn, 2016; Bernal and Maes, 2017; Quesnel and Riecke,
2017).

• Emotional expression: Emotions of the users can be expressed
through audio and visual mappings, mainly through capturing
physiological markers such as arousal (Bernal andMaes, 2017)
and joy (Hinterberger, 2011).

• Feedback of performance: Users received some form of
information about their performance. Feedback was given as
virtual movement (Davies and Harrison, 1996; Amores et al.,
2016; Kosunen et al., 2016; Du Plessis, 2017), change in visuals
(Shaw et al., 2007; Hinterberger, 2011; Bal, 2013; Choo and
May, 2014; Gromala et al., 2015; Prpa et al., 2015, 2017;
Kosunen et al., 2016; Roo et al., 2016; van Rooij et al., 2016;
Patibanda et al., 2017), or change in audio (Shaw et al., 2007;
Hinterberger, 2011; Vidyarthi, 2012; Kitson et al., 2014; Prpa
et al., 2015, 2016, 2017; Muñoz et al., 2016; Gu and Frasson,
2017).

• Mind-body dialogues: Users were able to explore the
connection between their physical and mental states, the idea
being that one similarly affects the other. A calm body breeds a
calm mind: (Shaw et al., 2007; Bal, 2013; Gromala et al., 2015;
Prpa et al., 2015; Kosunen et al., 2016; Muñoz et al., 2016;
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Roo et al., 2016; van Rooij et al., 2016; Du Plessis, 2017). To
change ourselves, we need to change our perspectives: (Davies
and Harrison, 1996). Color transmits and translates emotion
(Wiethoff and Butz, 2010; Hinterberger, 2011). Music is the
mediator between the spiritual and the sensual life: (Vidyarthi,
2012; Kitson et al., 2014; Prpa et al., 2016, 2017).

• Mindfulness meditation: These experiences involved
paying attention on purpose, in the present moment, and
nonjudgmentally. Users were guided through a narration
(Shaw et al., 2007; Choo and May, 2014; Prpa et al., 2015;
Gu and Frasson, 2017; Navarro-Haro et al., 2017) or had the
chance to playfully discover meditation practice unguided
(Davies and Harrison, 1996; Vidyarthi, 2012; Bal, 2013; Kitson
et al., 2014; Gromala et al., 2015; Amores et al., 2016; Kosunen
et al., 2016; Prpa et al., 2016; Roo et al., 2016; Du Plessis, 2017),
while another experience incorporated but was not explicitly
about mindfulness meditation (Chittaro et al., 2017).

• Movement: Users physically moved their bodies in order
to interact with the system. Movement was used as a way
to promote health (Eubanks, 2011; Seaborn, 2016) and
also further immerse the user in the virtual space through
embodiment (Davies and Harrison, 1996; Bal, 2013; Sakamoto
et al., 2015; Quesnel and Riecke, 2017).

• Nature elements: These experiences involved some aspects of
nature. Some experiences used water as a visualization (Bal,
2013; Sakamoto et al., 2015; van Rooij et al., 2016; Gu and
Frasson, 2017; Prpa et al., 2017), while others used animals
(Shaw et al., 2007; Eubanks, 2011; Sakamoto et al., 2015). A
common theme was using park or garden elements (Choo and
May, 2014; Angelini et al., 2015; Roo et al., 2016; Chittaro et al.,
2017), while other experiences focused more specifically on
trees and the forest (Davies and Harrison, 1996; Gromala et al.,
2015; Patibanda et al., 2017). One experience used a sunset
scenery (Shaw et al., 2007), and another used the entire Earth
(Quesnel and Riecke, 2017).

• Physiological measures: Use of instruments that provide
information on physiological functions in order to gain
greater awareness of internal states of a user. The processes
can include brainwaves (Hinterberger, 2011; Choo and May,
2014; Prpa et al., 2015, 2016; Amores et al., 2016; Kosunen
et al., 2016; Du Plessis, 2017; Gu and Frasson, 2017), skin
temperature and conductance (Shaw et al., 2007; Hinterberger,
2011; Gromala et al., 2015; Bernal and Maes, 2017; Du Plessis,
2017), respiration (Davies and Harrison, 1996; Shaw et al.,
2007; Hinterberger, 2011; Vidyarthi, 2012; Bal, 2013; Kitson
et al., 2014; Prpa et al., 2015, 2016, 2017; Roo et al., 2016; van
Rooij et al., 2016; Du Plessis, 2017; Patibanda et al., 2017),
and heart rate and heart rate variability (Shaw et al., 2007;
Hinterberger, 2011; Muñoz et al., 2016; Roo et al., 2016; Bernal
and Maes, 2017; Chittaro et al., 2017).

• Playfulness: Users were invited to interact with the system
that supports curiosity and creativity in order to make the
experience as inviting and non-invasive as possible. This
was achieved through exploring a narrative (Eubanks, 2011;
Amores et al., 2016; Muñoz et al., 2016), employing gaming
mechanics (Choo and May, 2014; Sakamoto et al., 2015;
Muñoz et al., 2016; Seaborn, 2016; van Rooij et al., 2016;

Patibanda et al., 2017), and using active and imaginative
elements (Wiethoff and Butz, 2010; Hinterberger, 2011;
Vidyarthi, 2012; Kitson et al., 2014; Prpa et al., 2015, 2016,
2017; Roo et al., 2016).

• Social presence: Users interacted with other users at the same
time (Angelini et al., 2015; Sakamoto et al., 2015; Seaborn,
2016; Bernal andMaes, 2017) or avatars that felt as if they were
real people (Garau et al., 2003).

Physiological measures (N = 21), feedback loop (N = 19), and
mind-body dialogues/mindfulness-meditation/play (all N = 16)
were the design elements or interaction strategies most utilized.
These results can inform the answer to RQ1.

Input/Output Modalities
To address RQ2, we extracted the input-output modalities of
the experiences, the type of XR, the technology employed, and
the platform used. The type of XR and technology employed
can be seen in Figure 3. For a more detailed description of
these data, we also created a table (see Supplementary Material)
that shows both the technology and the platform used by
each system individually, grouped by XR type. In terms of
the input-output modalities, we grouped all the immersive,
interactive positive experiences and categorized them into
three high level themes: biofeedback, physical movement, and
controller. Within each of these three high level themes were
different input modalities. For biofeedback, this contained four
types of inputs: blood flow changes, skin electrical activity,
respiration rate, and brain electrical activation (see Figure 4).
The physical movement theme contained three input types:
arm, body, and head. The controller theme had two input types:
joystick and screen. We then mapped these inputs to output
modalities. We grouped the outputs into six different themes:
change in music/audio, change in light/color, change in object
appearance/animation, object movement, levitation/floating,
and user movement. Finally, we mapped the six different types of
outputs to 16 types of outcomes: relaxed, content/happy, reflected
affect, increased mindfulness, harmony/balance, appreciation,
calm, decreased stress/anxiety, connection/empathy, clarity,
focus, increased well-being, emptiness/disembodied/self-
transcendence, engaged, presence/social presence/embodied,
and increased risk perception. A depiction of the input-output-
outcome modalities can be found in Figure 5 and also accessed
online here: https://akitson.github.io/.

DISCUSSION

Immersive interactive technologies have, so far, mainly been
developed for applications such as entertainment and training.
However, the potential for these technologies is vast and we
are beginning to see the direction of the field shift toward
more experiences of supporting positive human functioning and
change (Fogg, 1999; Schiphorst, 2009; Sander, 2011; Riva et al.,
2012; Brown, 2013; Desmet and Pohlmeyer, 2013; Kennedy, 2014;
Buie, 2016; Gaggioli, 2016; Mossbridge, 2016). There are similar,
yet separate, movements from different domains such as HCI,
Psychology, and Computer Science all going toward this same
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FIGURE 3 | The type and number of immersive, interactive experiences for positive functioning (x-axis). Types of immersive, interactive experiences are categorized

on a virtuality continuum (y-axis) that increases in immersive properties from soundscape (least immersed) to virtual reality (fully immersed). Each type is broken down

into the kind and number of technology used, and this is represented as the dotted bars within the larger bars representing the total number of experiences.

goal of designing and creating technologies that support positive
human functioning (Norman and Draper, 1986; Weiser and
Brown, 1996; Seligman and Csikszentmihalyi, 2014). Yet, there
is not a clear overview of all of these domains and what they have
contributed so far. The diversity of the domains could be one
reason there has not been a general XR for positive change review.
In general, the current scoping review showed that the recent
resurgence of XR technologies that are low-cost and accessible
offered an opportunity to explore the medium further. Moreover,
it enabled designers and technologists that ability to create
more experiences, thus providing grounds for a comparison and
analysis of the design elements and interaction strategies used, as
well as the input-output-outcomemodalities. Overall, the authors
find this review shows promise for a new era of XR for positive
change and that there exist enough experiences for researchers to
map it and further develop significant conceptual knowledge for
the research community and the public.

Design Elements and Interaction
Strategies for Supporting Positive Change
in Immersive, Interactive Technologies
We canmake several observations from the reviewed and studied
XR design elements and interaction strategies in section Design
Elements and Interaction Strategies.We have organized the above
12 themes into four higher-level themes: instruments of analysis,
phenomena and theoretical constructs, content features, and
physical activity.

Instruments for Analysis
First, physiological measures and feedback of performance

are the most prevalent elements. There is considerable overlap
between these two elements with all but one experience making
use of physiological measures as a means to provide feedback
on performance. Since its inception in the 1970s, biofeedback
has been gaining popularity due to its use as a supporting
mechanism that can offer explicit insights about the user’s state
and can guide a user to change their thoughts, emotions and
behavior (Schwartz and Andrasik, 2017). However, biofeedback
has been mainly used as a form of treatment in medicine and
psychology and we have only recently seen more applications
to immersive, interactive experiences; and this may be in
part due to the dispersion of increasingly affordable and
consumer-friendly physiological devices. The literature review
also showed a preference for experiences using mind-body
dialogues and mindfulness meditation interaction strategies.
Both of these elements emphasize focusing on the body and
noticing any sensations, thoughts or feelings that happen in
the present moment (Kabat-Zinn, 2003). Studies have shown
numerous benefits for mindfulness meditation such as reducing
depression symptoms, stress, and anxiety (Chiesa and Serretti,
2010). Moreover, the same mindfulness processes understood
by Buddhist traditions for many years have been brought to
psychology and now to human-computer interaction design.
Thus, it is perhaps not surprising that immersive, interactive
technologies make use of these concepts to support positive
change because they can provide a space one might not otherwise
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FIGURE 4 | Biofeedback types and their corresponding immersive, interactive experiences. There are four types of biofeedback represented: electrodermograph

(EDG), pneumograph (respiration rate), electroencephalograph (EEG), and photoplethysmograph (PPG). The names of the experience along with the author’s name is

listed. Some experiences are listed multiple times, indicating they used multiple types of biofeedback in their system.

have access to explore their own internal bodily states. In fact,
many experiences from the review also made use of two elements
very closely related to mindfulness and mind-body dialogues:
breath awareness and concentration or focused attention. Breath
is often seen as an integral part of mindfulness meditation
because it provides a focus point to bring one’s attention back
to the present moment when the mind wanders. Thus, bringing
one’s attention back to the breath, or some other focus of
attention, works the mind and we gain more control over our
internal states with each practice.

Phenomena and Theoretical Constructs
Another observation is that emotional expression, connection,
and social presence are not studied or utilized as much as
mindfulness meditation. One might expect more experiences
with these elements given both that social integration and
connectedness are important components in many psychological
frameworks of well-being and positive human functioning
(Ryff, 1989; Seligman, 2012; Venter, 2017), and that there is a
movement in several domains to use technology as more than a
distraction or consumption device and instead use it to connect
with others as a part of health behavior change (Riva et al.,
2012; Brown, 2013; Calvo and Peters, 2014; Kennedy, 2014;
Mossbridge, 2016). Moreover, Höök has proposed the affective

loop, where the system affects the user and the user affects the
system (Höök, 2008). This represents a gap that can be addressed
by future developments of immersive, interactive technologies
for positive change.

Content Features
Nature was another common design element in the immersive,
interactive experiences we reviewed. Research evidence suggests
that connecting with nature is one path to flourishing in life and
positive mental health (for a review see Capaldi et al., 2015).
We found similar benefits of enhanced mood, reduced stress,
and increased well-being across the XR experiences that involved
nature. Thus, it appears that the benefits of being in contact with
nature can be replicated in a virtual or augmented environment.
This is promising for using XR experiences to help support
positive change for those who cannot have much access to nature
or the outdoors, such as those in urban areas or in medical
facilities.

Physical Activity
Finally, about half of the experiences included in this review used
the interaction strategies of play and movement. We can draw
similarities between these elements and several existing theories:
somaesthetics, the importance of the role of bodily experience
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FIGURE 5 | Sankey diagram showing the input-output modalities and their corresponding outcomes for all experiences. Please note that some experiences use

multiple types of input-output modalities, and some inputs correspond to multiple outputs and outcomes. Color intensity and stroke breadth indicate number of

experiences for that category going left to right. This figure represents a static image of the data. For an interactive diagram that shows the number of experiences for

each category, please see https://akitson.github.io/.

in aesthetic appreciation (Schiphorst, 2009; Shusterman, 2012);
embodied cognition, our mental constructs are shaped by aspects
of the body (Varela et al., 1992; Markman and Brendl, 2005);
play, in being creative we can reach across domains of meaning
and forge new conceptual connections leaning to insight or
cathartic release (Clark, 2013); and game play, gaming activities
embody immense concentration, enjoyment, relationships, and
accomplishment that can lead to improved mood, reduced
emotional disturbance, improved emotion regulation, relaxation,
and reduced stress (Jones et al., 2014). Future XR experiences
aimed at supporting positive change would be strengthened by
incorporating these theories from other disciplines because they
have already demonstrated their effectiveness for supporting
flourishing and positive mental health.

Input-Output Mappings of Immersive,
Interactive Technologies for Eliciting
Positive Change
Immersive, Interactive Technologies
The review of technologies and platforms focused strongly
on virtual reality (VR) technology. Therefore, it is perhaps
unsurprising that VR, particularly the use of head-mounted
displays (HMDs), is the most prevalent type of technology that
we find compared to other mixed reality experiences. Immersive

soundscapes are the second most common type of technology
used for eliciting positive states. The use of other XR technologies
along the mixed reality continuum of immersion seem to have
been overlooked. One possible explanation could be that HMDs
are being made increasingly more affordable and accessible,
while also improving in overall quality; other mixed reality
technologies are still in their infancy and lack the development
support for designers to more easily create experiences. The
authors would like to emphasize that simply because VR is
currently the most prevalent technology used in eliciting positive
states does not necessarily mean it is the best platform. Each
design requires careful consideration of the intended experience
and specific outcomes when selecting a platform, taking into
account the context and its users, and more research is needed
for determining the “best” platform for eliciting positive change.

Input
The review of input-output modalities showed that physiological
data was the most predominant type of input, followed by
physical movement and then controller (see Figure 5). When
breaking down the type of biofeedback used, we found that
respiration rate was overwhelmingly the most utilized type
(N = 16). Measuring respiration rate is relatively non-invasive
and the data is reliable compared to the other types of
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biofeedback such as EEG; this may partially account for its
high use. As was discussed previously, breath is an important
component in mindfulness meditation and a reliable way to
decrease stress. Therefore, using respiration rate as an input
is congruent with the mindfulness and mind-body dialogue
interaction strategies used in these experiences for positive
change.

One observation we made about the type of input is that
there was a low number of experiences using controllers, such as
joysticks or touch screens. This might be surprising considering
that much of the XR industry is being fueled by entertainment
and gaming applications that make use of traditional controller-
based inputs. This review perhaps demonstrates that traditional
controllers do not map well to eliciting positive states. We
hypothesize this is due to controllers’ arduous nature that
might lead to a break in presence, immersion and flow, and
subsequently distracting from the goal of eliciting positive states.
However, further research is needed.

Physiological input was very prevalent in the studies and
experiences we reviewed, with 34 instances of mappings
involving physiological input. And, although there are many
benefits to using physiological measures such as getting a
more empirical measures of users’ inner states, there are also
several shortcomings that we would like to highlight in this
review for designers and research hoping to use physiological
measures in their XR experiences. First, there can be considerable
noise in the data, especially EEG measures of brain electrical
activation (Ramirez and Vamvakousis, 2012). Moreover, wearing
physiological sensors might feel cumbersome to the user, which
may distract from the desired user experience.

Output
Change in object appearance/animation was by far the most
common type of output (N = 18), compared to change
in music/audio (N = 14), change in light/color (N = 11),
object movement (N = 10), user movement (N = 10), and
levitation/floating (N = 4). Changes in music/audio and changes
in object appearance/animation were more likely to be matched
with respiration and relaxation or calm, whereas object and user
movement were more likely to be matched with engagement and
clarity. These outputs are in keeping with the literature: breath
meditation can lead to relaxation and calmness (Carter and
Carter, 2016), and physical activities can bring about engagement
and positive health outcomes (Gao et al., 2015). The current
state of the XR technology is primarily focused on visuals, so
it is not surprising to find most experiences using this in their
interactivity. Audio and music are also easily modified through
speakers and headphones. One observation is that some of the
other human senses are underutilized, such as smell, touch, and
temperature. Some experiences make use of tangibles (Angelini
et al., 2015; Sakamoto et al., 2015; Roo et al., 2016), but there is
still a lot of work to be done in going outside visuals and audio for
XR interactivity. In terms of well-being, emotion and memory
are closely linked with the olfaction; odors that evoke positive
autobiographical memories have the potential to increase positive
emotions, decrease negative mood states, disrupt cravings, and

reduce physiological indices of stress, including systemic markers
of inflammation (Herz, 2016).

Outcome
Finally, the outcomes of using respiration rate as an input
were relaxation, calmness, increased well-being, and decreased
stress/anxiety. From these results, it appears that the main
mechanism for eliciting positive states is through using
biofeedback that is mapped to some kind of change in
sensation in the XR environment, whether that be a change
in music/audio, light/color, or object appearance/animation;
this feedback of physiological performance then allows users
to experience an internal state from a different perspective and
thus start to form the ability to change that state. It appears
that practicing an awareness and control of one’s internal
physiological states can lead to positive states such as relaxation,
calmness, harmony/balance, clarity, focus, and increased
well-being. From this mapping we saw that the outcomes
were calmness, contentment/happiness, presence/embodiment,
and engagement. Thus, the physical and virtual movement
connection seems to have contributed to eliciting positive states.
And, when we look at the interaction strategies employed for
these systems, we see play and movement are important. This
is, the sense of curiosity, imagination, and embodiment in these
experiences are all common themes and elements that allow the
user to explore a system in a more natural and familiar way than
a more abstract way of interacting like the traditional joystick.
This idea of natural interaction supporting the desired user
experience of curiosity, imagination, and embodiment in XR is
maintained by several studies (Beckhaus et al., 2005; Macaranas
et al., 2015; Desai et al., 2016; Quesnel and Riecke, 2017).

A Framework for Immersive Interactive
Technologies for Positive Change
Several frameworks have already been proposed for designing
technologies for eliciting positive human functioning and
well-being: Anthropology-Based Computing (Brown, 2013);
Techno-spiritual Design (Buie, 2016); Positive Computing
(Sander, 2011; Calvo and Peters, 2014); Positive Design
(Desmet and Pohlmeyer, 2013); Persuasive Technology (Fogg,
1999); Computer-mediated Self-transcendence (Gaggioli, 2016);
Technowellness (Kennedy, 2014); Transcendence Technology
(Mossbridge, 2016); User-centered Design (Norman and Draper,
1986); Positive Technology (Riva et al., 2012); Calm Technology
(Weiser and Brown, 1996); Affective Computing (Picard,
1995); Ergonomics (Jastrzebowski, 1857; Edholm and Murrell,
1973); Hedonomics (Helander, 2002); Value-Sensitive Design
(Friedman and Kahn, 1992); Emotional Design (Norman,
2004)—see also Figure 1. However, these frameworks do not
focus on immersive, interactive technologies (XR) in particular.
Therefore, we offer a more focused and concrete framework
for designing immersive, interactive technologies for eliciting
positive states and supporting positive change (see Figure 6).
This framework is constructed from the results of this scoping
review: the interaction strategies and design elements, the input-
output modalities that incorporate the use of XR technology, and
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FIGURE 6 | A schematic of the framework for designing immersive, interactive experiences for eliciting positive states and supporting positive change.

the outcomes that resulted from the user’s interaction with the
system.

The designer or researcher has positive state(s) or positive
change in mind as the outcome (orange). These outcomes will
influence the theories and models considered when designing the
experience (purple). Those theories in turn will help to inform
the interaction strategies and design elements used (green). And,
the interaction and design elements will then inform the feedback
loop of input (blue) and output (red) modalities. Therefore, when
the user is put into the system, their inner state is measured
and collected via physiological measures and movement data.
These data of the user’s inner states are then fed into the
system and represented/externalized in an abstracted way as the
output modality. The user then experiences their own inner
state that can change their initial state is then fed back into the
system. Thus, the system and the user influence one another.
This feedback loop over time can build positive experiences
and contribute to a positive state. Eventually, this feedback loop
shapes positive states, which then might lead to positive change
in the user.

Design Considerations for Future
Immersive Interactive Technologies for
Positive Change
In addition to the themes listed and discussed above, which
might be useful as descriptive tools for researchers, we now
present a set of prescriptive design considerations to serve as tools
for designers and developers interested in creating immersive,
interactive systems, and experiences with the goal of eliciting
positive states and supporting positive change. We want to note,

however, that no formula exists to make someone have a given
experience. We can only submit our best practices for giving the
user suitable conditions and opportunities for them to engage if
they wish.

Consider the Outcome and Human Experience First,

Then Work Backwards
The intention or goal behind your work will shape every
design decision, so it is important to have a clear sense of
what specific positive state or positive change you wish to
support with the XR technology. Trying to force the user to
accommodate a technology that is not in keeping with their
natural way of interacting and experiencing the world, even if it
is a virtual one, can lead to frustration, negative emotions, and
disconnect; this is in keeping with user-centered design and the
existing frameworks for supporting positive functioning through
technology (Norman and Draper, 1986; Fogg, 1999; Riva et al.,
2012; Calvo and Peters, 2014).

Consider Using Sensory Changes to Support

Relaxation, Contentment, and Harmony/Balance
Our results of the scoping review for the input-output modalities
(RQ2) suggest that specific changes in either music/audio,
object appearance/animation, or light/color can be associated
with outcomes of relaxation, contentment, and harmony. These
positive states are more subdued in feeling; therefore, the changes
in the virtual environment too are subtle yet obvious enough to
the user that there is in fact a change occurring. Hinterberger
(2011) uses changes in light and sound to achieve all three of these
positive states, while both Shaw et al. (2007) and Gromala et al.
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(2015) use changing imagery of jellyfish and fog, respectfully, to
support relaxation. These sounds, animations, and colors used in
the XR experiences all seem to support their desired outcome in
some way, whether that be red colors for engagement, soft music
with a low tempo or a setting sun for relaxation.

Consider Using Movement to Support Calmness,

Clarity, and Focus
Results showed that movement of any kind, i.e., user movement
and object movement, was linked to positive states of calmness,
clarity, and focus. More specifically, big sweeping physical
movements of the user, and expanding/contracting of virtual
objects in rhythm with the user’s input helped to support positive
states of calmness, clarity, and focus. This result is perhaps due
to a release of bodily tension and stress, though more research
is needed. These positive states are more active than the ones
mentioned above because the user is physically engaged in the
experience. Bal’s (2013) ORGONA project serves as a good
example of using physical movement to support these three
positive states because the user engages their body and focuses on
their breathing to move virtual objects. Another good example is
Muñoz et al. (2016) EmoCat Rescue game where users must focus
on controlling their breathing and heart rate in order to progress
in the game.

Consider Using Biofeedback for Mediating Changes

to the Virtual Environment
From the review, we found that physiological data was
most commonly mapped directly to changes in the system,
whether that be changes in music/audio, light/color, or object
appearance/animation. Users reported feedback that allows
them to externalize and notice their internal states in the
virtual environment helped them to better understand their
own internal states, and maybe even gain more control of
them (Vidyarthi, 2012; Patibanda et al., 2017). Our finding is
supported by other research that shows biofeedback is effective
in interactive technologies aimed at improving mindfulness
(for a review see Sliwinski et al., 2017). Moreover, the design
considerations from Patibanda et al. (2017) provide positive
evidence for using respiration rate as a form of biofeedback in
games: use subtle onboarding, use non-interruptive breathing
feedback, provide imitative breathing feedback, use a minimalist
approach to designing naturalistic visuals, and use hardware that
considers breathing performance and increases self-awareness
of breathing. Other forms of biofeedback we found in the
review include blood flow changes, skin electrical activity, and
brain electrical activation. While there are less examples of
concrete experiences for these biofeedback elements, we can
still observe that the majority of mappings for both blood
flow changes and skin electrical activity are to more subtle
changes in music/audio and light/color, whereas brain electrical
activation is primarily mapped to more obvious changes in object
appearance/animation and levitation/floating. One reason for
this might be that it is less obvious to the user when their brain
state is changing rather than a change in heart rate or sweating,
which we can physically feel or see more directly. Therefore, we
suggest using a reverse proportional mapping—the harder it is

to notice a physiological change, the more obvious the feedback
should be in the virtual environment, and vice versa.

Consider Mapping Physical and Virtual Movement

Together
We observed that the use of physical movement and controller
interaction strategies were most often mapped to corresponding
virtual object or user movement. The use of physical movement
in a virtual environment is important because it allows the user
to feel more immersed in the experience. One study examined
how users experience movements in their interaction with
interactive systems and identified four features of movement-
based interaction that potentially influence immersion: natural
control, mimicry of movements, proprioceptive feedback, and
physical challenge (Pasch et al., 2009). The models of immersion
in this study were based off of two theories: Csikszentmihalyi’s
(1990) Flow theory, a state of optimal experience where people
typically have deep enjoyment, creativity, and total involvement
in life; and Brown and Cairn’s (2004) immersion framework of
engagement, engrossment, and total immersion. Thus, physical
movement and locomotion in immersive interactive experiences
might help support positive states and change, especially if we are
to follow the guidelines mentioned above put forth by Pasch et al.
(2009), as well as maintain immersion and user experience.

Consider Natural Elements, Minimalist Design, and

Child-Like Play for Design Elements and Interaction

Strategies
Many theoretical papers have already proposed using natural
elements, minimalist design, and child-like play in interaction
design (Schultz and Tabanico, 2007; Vidyarthi and Riecke, 2014;
Capaldi et al., 2015; Ahn et al., 2016; Gaggioli, 2016). And, indeed,
we found this to be true in the experiences we reviewed. Several
studies we reviewed also found that using nature elements in
the virtual environment (N = 15), taking minimalist approach
(N = 7), and adopting a child-like play concept for interaction
design (N = 16) all contributed to positive states or positive
change in users—see results section for details on the specific
studies. The use of abstract imagery in particular for taking a
minimalist approach seemed to help users focus their attention
and block out any external distractions; this abstract imagery
also helps users to focus on something that does not come with
preconceived ideas or feelings that may trigger an unwanted
emotional response.

Consider the Type of Technology Last Based on Your

Desired Goals and User Experience
Finally, the type of technology used should be the last thing a
designer should consider for their XR experience if they are to
be in keeping with the principles of user-centered design. More
explicitly, the technology or platform selected should support
and enhance the desired user experience and outcomes. The goal
should not be to use a certain technology simply because it is
“cutting edge.” We are seeing more and more XR technologies
emerging, and that is promising for the field. However, the
authors caution XR designers to think throughwhy they are using
a certain technology, and might another technology be a better
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fit? It should be clear how the XR technology elicits positive states
and supports positive change, as well as how the extra effort of
using XR technology is justified. The experiences we have seen so
far, from this review, show that many are using virtual reality and
in particular head-mounted displays. While this platform is great
for total immersion, there still exist other forms of XR that might
be equally or more beneficial; more research and development of
experiences for other XR types is needed.

Limitations
The diverse nature of the various XR experiences and their
accompanying studies presented challenges, leading to a series
of compromises and assumptions that could be perceived as
limitations in the literature review.

First, an XR experience can integrate two or more interaction
strategies and input-output modalities to support positive
change. For example, pulse, brain potential shifts, and skin
conductance can all influence the virtual environment’s visuals
and audio in different ways (Hinterberger, 2011). These kinds
of integrations include a dominant outcome. In this review,
the XR components were analyzed based on their dominant
outcomes. For example, in the example above the outcomes were
contentment, relaxation, happiness, and harmony. However,
the distinction of what elements contributed to which specific
outcome could not be determined from this review and so were
considered together.

A second limitation is the vast differences in using empirical
methods in all the studies identified for this review. Several of
the studies included were only proof of concept (Choo and May,
2014; Sakamoto et al., 2015; Muñoz et al., 2016; Bernal and
Maes, 2017; Du Plessis, 2017); Thus we cannot determine for sure
that these interaction techniques will reliably elicit those same
outcomes.

Another limitation is in the generalizability of the reported
outcomes because many studies used university students as
participants. It is unclear whether the same outcomes will hold
for the general population or more vulnerable populations.

Finally, the database query of the review is based on a
predefined set of search terms. The defined search strategy
conforms to the established procedures for scoping literature
reviews, breaking down and addressing the research questions
while ensuring reproducibility of the search. Yet, XR is a
dynamic and vast field covering many different research fields;
all of these fields have different terminologies and search terms
that make it challenging to uncover every XR work that relates
to positive states and change. For related reviews on neighboring
topics see these works: Plaza et al. (2013), Capaldi et al. (2015),
Mossbridge (2016), Spanakis et al. (2016), Valmaggia et al.
(2016), and Sliwinski et al. (2017). Future scoping or systematic
reviews on the topic might include the following terms, which
are based on the key terms from the included literature in
this review: virtuality, cinematic reality, computer-mediated
reality, alternate reality, wearable computing, visuo-haptic
mixed reality, games for health, HCI for peace, value-sensitive
design, biofeedback, emotional design, holistic health, mediated
communication, physiological computing, interactive art,

multisensory experience, self-expression, prosocial behavior,
cultural worldview, narrative exercises, mood-induction
procedures, and self-regulation.

CONCLUSIONS

We presented a scoping literature review of existing immersive,
interactive technologies whose primary aim is to elicit positive
states or support positive functioning. We discovered several
ways to most effectively employ different design elements and
interaction strategies to support positive change in users, as
well as how to use input-output modalities to contribute to
eliciting positive states. From this review, we formed a conceptual
framework that may help researchers and designers think about
immersive, interactive experiences in the context of positive
states and positive change. In order to put forth a more concrete
strategy for designers and creators to use this knowledge, we also
provided a set of design considerations that also build on existing
literature. The work presented here provides both researches
and designers with a more organized and coherent sense of the
existing literature on the subject across multiple fields.

Future work might address empirical evidence of how
immersive, interactive experiences can elicit positive states
or support positive change as this was something we found
lacking in the literature. Another potential gap for designers
to address is the creation of immersive, interactive experiences
for social/inter personal outcomes, opposed to hedonic and
eudaimonic outcomes that we found to be a lot more prevalent.
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Abstract. In this paper we present the initial exploratory design of SOLAR, an
immersive virtual environment (VE) that assists novice users to learn the stress
reducing practice of mindfulness meditation. The VE is generated by the user’s
brain activity and respiratory rate. In addition, we provide an overview of previous
work, outlining the elements we find effective and the gaps for each presented
design. This is followed by a description of the design principles. Finally, we
present the participatory design, design evaluation and iteration, followed by
possible applications for the final design and future steps.
Keywords: Mindfulness practice · Virtual reality · Brain-computer interface (BCI) ·
Computer-supported mindfulness · Thought distancing

1 Introduction

It can be difficult to avoid the stresses of daily life. Meditation practice is known to 
reduce stress. Desbordes’ research showed that practicing meditation can change the 
mental function even in non-meditative states [1]. Other studies have shown that medi‐
tation reduces stress levels and has a positive effect on stress-related disorders [2] such 
as anxiety and depression [3].

Mindfulness is a practice of meditation that is “a non-judgmental, non-conceptual, and 
accepting form of awareness of one’s mental, emotional, and bodily sensory 
experience” [4]. The core practice focuses on breathing and letting go of strong 
thoughts of the past and future, especially those that trigger stress. The practice is about 
living in the present moment [4]. Recently, there is a trend in the mobile application 
market that offers a number of computer-supported mindfulness (CSM) [5] applications 
and devices that help support meditators in their practice. CSM is widely accepted in the 
research community and includes a range of different approaches to create mindfulness 
experiences. Exam‐ples include guided meditation videos posted on YouTube and 
Mindfulness-Based Stress Reduction (MBSR) therapy for war veterans implemented in 
Second Life [6]. However, it may be difficult to learn how to meditate independently 
without the guidance of a highly trained expert.
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In this paper, we present SOLAR, an immersive computer-supported virtual system
for learning mindfulness meditation. We focus on investigating how we can design a
support tool that will teach novice participants how to meditate. Presented virtual envi‐
ronment allows users to “stop, observe the thought, let the thought go and return to the
practice” (SOLAR) [7]. The main part of the system is an audio-visual VE that reacts
to the mediator’s breathing and EEG data in real-time. SOLAR is an expansion of the
Sonic Cradle [8] immersive audio environment, and as such it was built in Unity3D and
Max6 while adding Emotiv EEG sensors to Thought Technology’s ProComp2 and
Respiratory Sensors. In SOLAR, the data is mapped to visual elements in VE and audio
in Max6 in order to provide feedback to the user in real time. Though difficult, meditating
with one’s eyes open is the preferred practice. Therefore, our tool will assist novice
mediators with keeping their eyes open while practicing meditation.

2 Design Principles

Our design objective for SOLAR was to accommodate the different needs of users, by
following the design principles:
Thought Distancing. Thought distancing is one of the techniques widely used in mind‐
fulness meditation to help practitioners experience negative thoughts as mental events
rather than a self-critique or reflection of truth [9]. The goal is to reach a state of aware‐
ness in which internal mental events are not judged, analyzed or responded to [10]. When
practitioners have a thought that is not related to the present moment, they are instructed
to accept the thought and then let the thought go. However, many authors noted that for
novice meditators thought distancing can be extremely difficult to achieve [11, 12] and
may discourage further practice. As suggested by Chittaro and Vianello [5], a visual
representation of thoughts incorporated into the system makes the thought distancing
practice easier for novice practitioners. We believe that building a meditative environ‐
ment with both visual and auditory feedback will support the practice of meditation for
users with a range of needs.
Abstract Visual Elements. Chittaro and Vianello state that visual representations are
recommended in meditation practice [5], however, definitive images may be distracting
in certain situations. Abstract images and shapes are less distracting than concrete
images (flowers, for instance) and will help participants relax [13]. The use of subtle
visual elements as a reminder to focus on “positive coping strategies” is the preferred
form of visible feedback [14]. In SOLAR we included a visual representation of one’s
breathing in the form of abstract elements such as particles, fog, and various lighting.
The purpose was to create a pleasant visual feedback experience and to introduce an
ambient quality to our computer-supported mindfulness system.
Rewarding System. Rewarding practice, we believe, can motivate users to meditate
more often and for longer periods of time because of the enjoyment they feel. Some
applications balance “reward” and “punishment” feedback by providing pleasant feed‐
back when the meditation score is high, and unpleasant feedback when thoughts start
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wandering. Our design relies on pleasant sound and visuals only. We predict that the
user’s anticipation of an enjoyable soundscape that accompanies a proper meditation
session will provide motivational feedback, signaling to the user that they are meditating
properly, and will reinforce thought distancing techniques for longer periods of time.
Immersive and Attention Restorative Environments (ARE). Immersive environ‐
ments can positively affect user’s attention, which was explained by Kaplan [15] in his
Attention Restoration Theory (ART) that focuses on the correlation between the type of
stimuli and the restorative potential of different environments. The environments with
stimuli that modestly capture attention are preferred (subtle nature sounds are preferred
over traffic noise, for instance), and the design of our system relies on this principle.

3 Design Evolution

Designing a virtual environment for meditation came with many challenges. Our aim
was to design an environment that will enhance the mediation experience. Following
that rationale, we decided to keep a simple design and include elements that will directly
provide feedback to its users. SOLAR was developed in phases. Following completion
of the first prototype, we conducted a design activity to get feedback on the working
elements. The feedback helped us reconsider some of the design decisions and redesign
the model. In the following section, we explain the design decisions in more detail.

3.1 Exploratory Design of the Prototypes and Design Activity
Prototype One. For the first prototype, we did not use the EEG, respiration sensors, or
the sounds from Sonic Cradle. We used the design activity to explore the idea of thought
distancing. To implement thought distancing, we executed a simple visual element: a
circle. We asked the user to push the “q” key when they were exhaling and press the “p”
key when they were inhaling. When the user interacted with the keyboard, the circle
expanded when the user inhaled and contracted when the user exhaled. SOLAR asked
the user to focus their attention on the circle, and if any wandering thoughts occurred,
we asked our participants to accept their thoughts then push their thoughts through the
circle. For the audio we used Jon Kabat-Zinn’s beginner meditation track.
Design Activity. We conducted the design activity with thirteen participants at Simon
Fraser University’s Surrey Campus open house. The participatory design activity was
not an experiment and therefore did not include a control group. Instead, we used the
activity to make changes to our prototype SOLAR. In the future, we plan to run a full
experiment. Regardless, we did ask the participants to rate their calmness before and
after the experience and to write down any comments they might have. The participants’
answers were converted to a 0–100 score using linear transformation. The results showed
that overall participants felt more relaxed after the session compared to before the
session. We used a dependent t-test to analyze the relaxation means. The results showed
that SOLAR had a statistically significant impact on the participants’ reported relaxation
levels. Relaxation before exposure to the meditation session (M = 53.23, SE = 7.105)
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improved substantially after experiencing the meditation session (M = 82.62,
SE = 3.670), t(12) = 3.956, p = 0.002, r = 0.752). We felt that the thought distancing
helped the participants feel more relaxed and we decided to keep the thought distancing
design principle for the second prototype.

Comments from the participants were critical in the design of the second prototype.
We will discuss these as we implement the design changes in the second version of
SOLAR.
Prototype Two. The participants felt the instructional audio track through the whole
meditative experience was distracting, therefore, we changed SOLAR to consist of two
scenes. First, an introduction scene that included audio instructions on how the user’s
breathing and meditation score interacted with the visuals. In the second and main scene,
the audio consisted of the Sonic Cradle soundscape and the visuals were mapped to
breathing and EEG sensors. In addition, we added a burst of particles on the user’s
exhale.

Internal processes relevant to mindfulness meditation include a still posture, a focus
on breathing and thought distancing. We aimed to create an embodied connectedness
between the user and the user’s virtual representation by positioning the user’s silhouette
in the center of the scene.

The participants in the activity felt it difficult to control their breathing with the
keyboard. Therefore, the audio and visual elements of SOLAR were manipulated using
two biofeedback input devices (Emotiv Epoc and Thought Technology’s respiration
sensors).

The participants felt that the animation of the circle was too simple and wanted more
complex visuals. Therefore, we used the user’s meditation scores during the session to
provide a gentle feedback to the user when their mind started to wander. This meditation
score was mapped to additional elements in our virtual environment: the “meditation”
circle (positioned behind the silhouette) and the silhouette’s opacity. If the user is
focused and the meditation score is increasing, then the “meditation circle” appears blue
and the silhouette becomes more transparent (Fig. 1 on the left). However, if the user
loses focus and the meditation score decreases, then the colour of the circle will change
to purple and the silhouette will become less transparent.

Fig. 1. Figure left: Silhouette’s opacity decreased due to high meditation score. Figure right: The
participant is meditating while using SOLAR.
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The respiration sensors were placed on the user’s thorax and diaphragm. The data
received from the sensors was used for generating both audio and visual elements of
SOLAR. In mindfulness meditation, it is suggested by the experts to practice deep
diaphragm breathing [11]. In SOLAR, the user is rewarded with a complex soundscape
when they are taking deep breaths from their diaphragm. If the user begins to breath
from their chest (above their thorax) or starts taking shallow breaths, the soundscape
becomes simplified. In the visuals, the respiration sensors are mapped to the “breathing
circle” (in front of the silhouette). The breath circle becomes larger and smaller as the
user inhales and exhales.

The participants commented that there should be soft lighting in the physical space
and a comfortable chair. The room should be as dark as possible with no auditory or
visual distractions so the user can fully focus on the screen (Fig. 1 on the right). Some
of the participants did not feel comfortable with their eyes open. It was suggested that
novice meditators meditate with their eyes open [11]. We realize that this aspect of
SOLAR might not be appropriate for all participants.

4 Discussion and Conclusion

In this paper, we present the prototype SOLAR, an immersive virtual system created to
serve as a training tool to teach mindfulness meditation. Our goal was to create a system
with a unique design that will support novice meditators. The design of this system is
grounded on four design principles (Thought Distancing, Abstract Visual Elements,
Rewarding System, and Immersion and ARE) that emerged from current practices and
experts’ perspectives. The presented design is the result of a participatory design activity
that we conducted with 13 participants.

Based on the feedback received from the participants, we iterated the prototype to
address participant needs. In our iterations, we faced new challenges in the final design.
We added an introduction scene that included audio instructions on how to use SOLAR,
and in the main meditation scene we replaced the mindfulness meditation track with the
Sonic Cradle soundscape. We focused on abstract visual elements, aiming to create a
visually pleasing environment, and added complexity to user interactions. To address
the issue of personal preference, we would like to add customizable visual and auditory
elements in the next prototype.

In the future, we would like to consult with expert meditators and medical profes‐
sionals working within the mental health and neurodevelopmental fields, and conduct
user-centered design studies to create an effective system that would benefit their clients.
After incorporating feedback from iterative user testing and refinement, we would like
to conduct a more extensive usability study. More rigorous testing of the system’s
effectiveness is needed, specifically in supporting novices to learn mindfulness practice,
testing for mental disorders (especially anxiety and depression), neurodevelopmental
diseases (autism), and a comparison study between novices and experts. Concurrently
with future studies, we will be working on system improvements to address recommen‐
dations and evaluate the effectiveness of visual elements. The design guidelines will
continue to evolve.
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the iMMerSiVe enVironMent of RESPIRE

Respire (2018) is built on our previous work Pulse.Breath.Wa-
ter (2016), which immerses the user in a virtual environment 
depicting an ocean, and the user traverses the environment 
using their breathing (Fig. 1). Th e environment, made with 
Unity and presented using the HTC Vive headset, evokes a 
dark, gloomy atmosphere with elements like fog and waves 
that wrap around the user [1]. Ambiguous visuals and a lack 
of focal objects stimulate the user to engage in the process 
of making sense of the scene. Ambiguity in the design of 
the interactive artifacts engages users to project their own 
values and experiences in the process of making meaning 
of the visual stimulus [2]. Respire also exercises a minimalist 
color scheme to elicit the beholder’s share eff ect. Kandel [3] 
proposes beholder’s share as a process of the user’s projection 
of previous experiences in sense-making of an ambiguous 
scene. By immersing the user in an ambiguous environment, 
Respire aims to give the user a canvas to “paint” their own 

experiences. Th e immersion avoids imposing an explicit nar-
rative and the constraints of a story. Hence the environment 
empowers the user to curate their experiences.

body And breAth in 
iMMerSiVe VirtuAl enVironMentS 

Cartesian dualism approaches a human being as a “thinking 
thing” that is divorced from bodily experience. Questioning 
Cartesian dualism sparks new discourses on what it means 
“to be” in the environment. Th e examples of embodied in-
teraction challenge the Cartesian separation between subject 
and object, and this separation translates into artistic prac-
tices as a separation between the artwork and the audience. 
Embodied interaction [4] emphasizes the value of engaging 
our bodies in interaction and transcends Cartesian dualism 
by focusing on the body along with the mind as a united 
medium for experience of the environment. 

What could that link between this united medium and the 
environment be? Artists explored breathing as a connector 
between the body and virtual environments generated using 
computational means. By positioning the body in the center 
of the artwork, and employing breath in an embodied inter-
action paradigm, artists succeeded in creating that tangible 
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Respire is an immersive art piece that brings together three components: 
an immersive virtual reality (VR) environment, embodied interaction (via 
a breathing sensor) and a musical agent system to generate unique 
experiences of augmented breathing. The breathing sensor controls 
the user’s vertical elevation of the point of view under and over the 
virtual ocean. The frequency and patterns of breathing data guide the 
arousal of the musical agent, and the waviness of a virtual ocean in 
the environment. Respire proposes an intimate exploration of breathing 
through an intelligent mapping of breathing data to the parameters of 
visual and sonic environments.

Respire
Virtual Reality Art with Musical Agent 
Guided by Respiratory Interaction
K i VA n Ç  tAtA r ,  M i r J A n A  p r pA  A N D  p h i l i p p e  pA S Q u i e r

fig. 1.	 The	virtual	environment	visuals	in	Respire.	(©	Mirjana	Prpa)
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yet invisible link. For instance, Sonia Cillari’s As an artist, I 
need to rest (2009) explores how a body can be a source of 
artificial life through breathing [5]. Cillari employs breathing 
data to generate a virtual environment of feathers and maps 
the breathing patterns to the movement of the feathers in the 
virtual environment.

Likewise, Char Davies’s pioneering piece Osmose (1995) 
is an immersive virtual environment presented on a head-
mounted display [6]. The user navigates movement in the 
virtual environment with breathing and body balance. The 
breathing controls the elevation whereas the body balance 
changes the horizontal 2D direction. This mapping resembles 
the experience of diving, and, likewise, we are inspired by 
diving phenomena in the breathing interaction of Respire. 
Davies juxtaposes two ideas: the immateriality of computer-
generated worlds and the body-felt phenomena elicited by 
those environments. The sense of virtual presence afforded 
by VR opened a dynamic space for artistic explorations, as 
demonstrated in Davies’s piece [7]. Respire maintains that 
space for artistic exploration by introducing agent architec-
ture that reacts to breathing. 

ArtificiAl intelligence,  
Multi-Agent SySteMS And MuSicAl AgentS

All humans breathe, consciously or unconsciously. A critical 
element of being alive, breathing continues even when we do 
not attend to the act of breathing. Our control of breathing 
shifts depending on our attention. Inspired by this mecha-
nism, Respire is intended to use advanced computational 
tools for an intelligent mapping from breathing to move-
ment, sound and visuals so as to elicit attention and mindful-
ness. AI and Multi-Agent Systems (MAS) provide such tools 
for computational creative applications [8]. 

The agent paradigm appears in many disciplines, including 
social sciences, philosophy, cognitive science and computer 
sciences. In computer science, an agent is an autonomous 
system that initiates actions to respond to its environment 
in timely fashion [9]. MAS studies the agent architectures 
for computational applications. Musical agents are artificial 
agents that automatize musical creative tasks [10]. Respire’s 
architecture implements this intelligent mapping using a mu-
sical agent system.

Affect recognition

Affect recognition focuses on designing computational mod-
els that can estimate the affective state of a piece of content; 
the content can be, for example, an image, a video, a human 
body posture, a sound or a music piece. Two main types 
of affective models appear in affective computing: discrete 
and continuous [11]. Respire implements a two-dimensional 
continuous affect model previously presented by Tatar and 
Pasquier [12]. Dimensional affect estimation models gener-
ate a bounded, continuous output to which we apply signal 
processing, mapping and generative algorithms. 

Respire computationally generates the visual and sonic 
environments using two separate frameworks: a VR system 
and a musical agent generating the sonic environment. These 
frameworks utilize affective dimensions in the system archi-
tectures. The generative content and reactive behaviors of 
these systems use affective dimensions as a high-level cross-
medium paradigm for intelligent mapping. This enables a 
human-readable parametrization of two systems generating 
visuals and audio separately. 

SySteM detAilS

Respire aims to bridge the virtual presence and innate experi-
ences of the user. The artwork builds upon breath-based em-
bodied interaction and utilizes a breath controller (Thought 
Technology ProComp2 with respiration harness) for the 
user’s vertical position in the scene, simultaneously allow-
ing for exploration of the virtual environment and breath-
ing patterns (Fig. 2). This mapping of breathing to vertical 
elevation in a resemblance to diving guides the interaction 
such that the audience does not need to learn anything new 
to participate in the artwork. We have compared this map-
ping with other options and found the current mapping 
to be intuitive from the user’s perspective [13]. Also, rapid 
breathing creates a more eventful sonic environment and is 
reflected in and ocean surface filled with waves. Less eventful 
breathing (slow-paced breathing) calms the ocean surface 
and generates a calmer sonic environment. The pleasantness 
dimension calculated by the musical agent controls the color 
of the sky in the environment (see Fig. 2), changing the sky 
in a range between black (low pleasantness values) to white 
(high pleasantness values). 

fig. 2.	 The	system	architecture	of	Respire.	(©	Mirjana	Prpa)
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Th e musical agent is developed in Cycling74’s Max, and the 
communication between Max and Unity utilizes UDP-based 
OSC. Th e breathing sensor data is passed to Max using M+M 
middleware [14]. Below, we delve into the agent architecture, 
which consists of fi ve main modules: memory, perception, 
goal, action and postprocessing. 

Sound Memory

Th e agent’s memory consists of audio samples and symbolic 
data on pleasantness and eventfulness of the samples (Fig. 3). 
Th is type of corpus in a musical agent is known as a hybrid 
corpus [15]. In line with Respire’s aesthetic choice of ambigu-
ity, we aimed for a curation of abstract and ambient sounds 

for the musical agent’s memory. We focused on quartal and 
quintal harmonies in piano recordings. Th e quartal and quin-
tal harmony theory uses the musical interval of fourths and 
fi ft hs, thus generating ambient sounds that avoid tensions and 
resolutions of the tonal harmony. In line with the visual aes-
thetics, this harmonic choice avoids imposing an explicit nar-
rative on the user. To obscure the recordings’ source material, 
we suppressed the initial attacks of sounds using long fade-in 
durations. Th en we applied time stretch and pitch shift ing to 
increase the number of samples in the sound memory. For 
the pitch-shift ing, we applied intervals of fourths and fi ft hs 
to stay within the quartal harmony. Th en we automatically 
labeled each sound using an aff ect estimation algorithm for 
sound. Th e labels are vectors with two dimensions: average 
pleasantness and average eventfulness of an audio sample. 
Th e details of this aff ect estimation algorithm are previously 
published, where the multivariate linear regression model is 
trained on ground-truth data [16]. Th e negative correlation 
between the eventfulness and pleasantness in Fig. 3 has been 
observed in our previous studies. In sound studies, the af-
fective dimensions valence and arousal are exchanged with 
eventfulness and pleasantness, because a sound doesn’t feel 
an emotion; it stimulates one. For example, there is no con-
cept of a happy sound (excluding anthropomorphism), but 
some sounds trigger positive emotions in humans. 

Signal Processing of Breathing Data

Th e perception module recognizes the frequency of user 
breathing by the wavelet transform of the breathing am-
plitude stream (Fig. 4a). Th e wavelet transform outputs the 
spectrum of a signal. Th e breathing frequencies can go as low 

fig. 3.	 The	affective	labels	of	audio	samples	in	the	musical	agent’s	
memory.	Each	dot	represents	one	audio	sample.	(©	Kıvanç	Tatar)

fig. 4.	 The	musical	agent	in	Respire.	(©	Kıvanç	Tatar)
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as 0.03 Hz. As the window size increases, we introduce longer 
delays to the system. The wavelet transform addresses this by 
using different window sizes to calculate each band, which 
provides for the detection of sudden changes in the signal 
while calculating low frequencies. In our implementation, 
the wavelet minimum frequency is 0.03 Hz, the maximum 
frequency is 2 Hz, the carrier frequency is 0.06 Hz and there 
are 4 bands per octave. Hence, the output of the wavelet 
transform is the power of 24 bands. Lastly, the perception 
module outputs the band with the highest power. 

Generative Algorithm of Musical Agent

The goal module (Fig. 4b) generates a vector with two di-
mensions, eventfulness and pleasantness, to select a sound 
from the memory (Fig. 4c) to be played by the action module 
(Fig. 4d). The memory module chooses the audio sample with 
the closest Euclidean distance to the 2D vector (pleasantness 
and eventfulness) generated by the goal module. The goal 
module generates the eventfulness values by using a map-
ping between the wavelet frequency with the highest power  
and the eventfulness of audio samples. The lowest and high-
est wavelet frequency bands are mapped to the lowest and 
highest eventfulness values of the agent’s memory, respec-
tively. Using these maximum values (Fig. 3), the frequency 
bands of breathing are mapped to 24 eventfulness values with 
equal distance. The agent applies a 2D random walk around 
one of these 24 eventfulness values so that the 24 wavelet 
bands correspond to 24 different areas in 2D affective space in  
Fig. 3.

The action module incorporates two playback engines 
(Fig. 4d). The first engine applies wavetable synthesis to 
generate a heartbeat-like sound. The prominent frequency 
of breathing data is mapped to the looping frequency of the 
wavetable synthesis. Hence, the pulsation sound in the sonic 
environment slows down as the user breathes more slowly. 
Similarly, the pulsation speeds up following acceleration in 
breathing. The lower-frequency bands slow down the pul-
sation sound to a point that the pulsation 
morphs into an ambient, pad-like sound. 
The second playback engine in the action 
module includes four voices. Each voice is 
active at all times. When the goal module 
chooses an audio sample, this playback en-
gine plays the given sample. When a sample 
finishes, the action module requests a new 
sample from the goal and memory module. 

We developed the postprocessing mod-
ule to further enhance the interaction be-
tween the user and the audio environment 
by introducing a low-pass filter (Fig. 4e). 
The amplitude of breathing controls the 
cutoff frequency of this filter. The cutoff  
frequency increases as the user breathes in 
and vice versa. This mapping resembles the 
relation between musical pitch and move-
ment [17]. Hence, as the user breathes in 
and out, the timbre of the sonic environ-

ment oscillates between a muddy, low-frequency-prominent 
audio environment and a full-spectrum audio environment. 
This mapping is meant to enhance the user’s feeling of sub-
mersion. 

Lastly, the agent applies an affect estimation algorithm to 
estimate the eventfulness and pleasantness of the generated 
audio environment (Fig. 4e). The estimation algorithm is 
the online version of the estimation algorithm that is used 
to label the audio in the agent’s memory. The output of the 
online affect estimation is a vector with two dimensions: 
eventfulness and pleasantness. These values are further used 
to control the parameters of the virtual reality environment 
(see the System Details section and Fig. 2).

exhibitionS

Respire is the continuation of our previous artwork Pulse.
Breath.Water. Both artworks share the same system design, 
and we improved the visual environment in Respire by ex-
ploring different color schemes and virtual lights and adding 
fog to improve the ambiguous aesthetics. We presented Pulse.
Breath.Water in three collective exhibitions. The first exhibi-
tion, Scores + Traces: exposing the body through computation, 
took place at the One Art Space gallery in Manhattan, NY 
[18], in March 2016. The theme of the exhibition was move-
ment and computation, and the exhibition brought a new 
perspective on how to incorporate movement theories in 
computational arts. 

After the Scores + Traces exhibition, we were invited by 
the Regina Miranda & Actors/Dancers Company for a col-
laboration to create and produce a piece titled P.O.E.M.A 
(Percursos Organizados Entre Movimentos Aleatórios; in 
English: Organized Paths among Aleatory Movements) for 
the cultural program at the 2016 Rio Olympics, which was 
shown for five weeks in summer 2016. 

P.O.E.M.A is a choreographic installation that incorpo-
rates contemporary dance to Pulse.Breath.Water (see Figs 
5–7). The piece was exhibited in a 10-×-10m room, and the 

fig. 5.	 A	dancer	in	still	position	in	P.O.E.M.A,	2016.	(©	Kıvanç	Tatar.	Photo	©	Adriano	Fagundes.)
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main challenge was creating a space that would bring the 
virtual environment of Pulse.Breath.Water and the dancers 
together. There would be several spectators in the space while 
one audience member was in the virtual environment (Fig. 
6). The view of the user in the virtual environment was pro-
jected on one wall. To expand the 2D projection of the virtual 
environment to the 3D space of the dancers, we utilized a 
white colored space with a light design inspired by the work 
of James Turrell (Fig. 7). This light design blended the 2D 
projection of the virtual environment with the 3D space of 
dancers. The audio followed this approach of blending, and 
we expanded the stereo output of the sonic environment to 
quadrophonics by using spectral spatialization.

Three dancers joined the project and began perform-
ing one at a time. The dancers were changed daily to allow 
them rest after several hours of performance. The dancers 
interacted with the virtual environ- 
ment using a set of 200 choreo-
graphic cells, snippets of move-
ments. These choreographic cells 
were the dancers’ vocabulary for 
reaction to the emerging behaviors 
initiated by the interaction between 
the user and the virtual environ-
ment. During changes of the user 
of the virtual environment, the vi-
suals went to black, the lights were 
dimmed, the dancers remained in 
a static posture and there were two 
video loops of three dancers on the 
side walls. 

The third exhibition of Pulse.
Breath.Water, at the MUTEK Mixed 
Realities VR Exhibition (November 
2016), included 40 virtual reality 
artworks covering interactive im-
mersive environments, narrations 
within immersive environments 

and 360 videos [19]. We heard that 
Pulse.Breath.Water brought a new 
perspective to the exhibition by pro-
voking the idea of exploring a virtual 
presence using breathing as a way of 
interacting with the immersive en-
vironment. Later, we revisited the 
visuals and created Respire. We ex-
hibited this new version at the CHI 
2018 VR exhibition in Montreal in 
April 2018 [20] and Digital Carnival 
2018 in Vancouver in August 2018 
[21].

future StepS

The overall interaction design and 
the system architecture of Respire 
stand closer to reactivity in com-
parison to interactivity. Tatar and 

Pasquier [22] clarify that interactivity of agents involves 
proactivity, that is, planning future actions and interacting 
with other human, biological or artificial agents. A further 
step could be to research how the introduction of proactive 
behaviors would affect the ambiguity and meaning-making 
of Respire’s user experience. For example, in an interactive 
scenario, periods of prolonged rapid breathing could lead to 
a calming of the water surface and less musical agent activity, 
which in turn could lead to a change in the user’s breathing. 
However, our previous exhibition experiences showed that 
the audience interacted with Respire in two main phases: a 
playful phase where the effect of the breathing and the sen-
sor was explored, followed by a calmer phase where the user 
started moving less than in the initial phase. Although these 
findings are speculative, they initiate a direction for further 
research on reactive and interactive scenarios. 

fig. 6.	 A	user	with	VR	headset,	a	dancer	and	spectators	in	the	exhibition	space	of	P.O.E.M.A,	2016.	
(©	Kıvanç	Tatar.	Photo	©	Adriano	Fagundes.)

fig. 7.	 A	dancer	in	movement	in	P.O.E.M.A,	2016.	(©	Kıvanç	Tatar.	Photo	©	Adriano	Fagundes.)

210



	 Tatar,	Prpa	and	Pasquier,	Respire

Acknowledgments

This research was funded by the Natural Sciences and Engineering Re-
search Council of Canada (NSERC) and the Social Sciences and Hu-
manities Research Council of Canada (SSHRC).

References and Notes 

1 K. Tatar, M. Prpa and P. Pasquier, Respire: www.kivanctatar.com
/respire (accessed 26 September 2018).

2 W.W. Gaver, J. Beaver and S. Benford, “Ambiguity as a Resource for 
Design,” in Proceedings of the SIGCHI Conference on Human Fac-
tors in Computing Systems (CHI ’03) (New York: ACM, 2003) pp. 
233–240.

3 E. Kandel, Reductionism in Art and Brain Science: Bridging the Two 
Cultures (New York: Columbia Univ. Press, 2016).

4 P. Dourish, Where the Action Is (MIT Press, 2004).

5 NIMkartchannel, Sonia Cillari: As an Artist, I Need to Rest (2009): 
www.youtube.com/watch?v=GcA6Yw2QERo.

6 C. Davies, “OSMOSE: Notes on Being in Immersive Virtual Space,” 
Digital Creativity 9, No. 2, 65–74 (January 1998).

7 M. Slater, “Place Illusion and Plausibility Can Lead to Realistic Be-
haviour in Immersive Virtual Environments,” Philosophical Transac-
tions of the Royal Society of London B: Biological Sciences 364, 1535, 
3549–3557 (December 2009).

8 P. Pasquier et al., “An Introduction to Musical Metacreation,” Comput-
ers in Entertainment 14 (2017) pp. 1–14: www.doi.org/10.1145/2930672.

9 M. Wooldridge, An Introduction to MultiAgent Systems (Chichester, 
U.K.: Wiley, 2009).

10 K. Tatar and P. Pasquier, “Musical Agents: A Typology and State of 
the Art towards Musical Metacreation,” Journal of New Music Re-
search 48, No. 1, 1–50 (2018).

11 J. Panksepp, Affective Neuroscience: The Foundations of Human and 
Animal Emotions (Oxford: Oxford Univ. Press, 1998).

12 K. Tatar and P. Pasquier, “MASOM: A Musical Agent Architecture 
Based on Self Organizing Maps, Affective Computing, and Variable 
Markov Models,” in Proceedings of the 5th International Workshop on 
Musical Metacreation (MUME 2017) (Atlanta, GA, U.S.A.: MUME, 
2017).

13 M. Prpa et al., “The Pulse Breath Water System: Exploring Breathing 
as an Embodied Interaction for Enhancing the Affective Potential of 
Virtual Reality,” in HCI International 2017, Proceedings (Vancouver: 
Springer, 2017).

14 “M+M Architecture”: H+ Technology www.hplustech.com/blogs
/news/m-m-middleware (accessed 31 December 2018).

15 Tatar and Pasquier [10].

16 J. Fan, M. Thorogood and P. Pasquier, “Automatic Soundscape Affect 
Recognition Using A Dimensional Approach,” Journal of the Audio 
Engineering Society 64, No. 9, 646–653 (2016): www.doi.org/10.17743
/jaes.2016.0044.

17 B. Sievers et al., “Music and Movement Share a Dynamic Structure 
That Supports Universal Expressions of Emotion,” Proceedings of the 
National Academy of Sciences 110, No. 1, 70–75 (2013).

18 “Scores+Traces: Exposing the body through computation,” One 
Art Space (2016, March 10): www.oneartspace.com/2016/03/10
/scorestraces-exposing-the-body-through-computation (accessed 
16 July 2019).

19 “MUTEK_IMG Mixed Realities,” MUTEK: www.mutek.org 
/img/2016/artworks (accessed 4 January 2018).

20 M. Prpa et al., “Respire: A Breath Away from the Experience in 
Virtual Environment,” CHI EA ’18 Extended Abstracts of the 2018 
CHI Conference on Human Factors in Computing Systems (Montreal: 
ACM, 2018) pp. 1–6.

21 “Digital Carnival 2018,” Cinevolution Media: www.cinevolution
media.com/digital-carnival-twines-ancestral-wisdom-and-digital 
-innovation-aug-31-sep-1-2018 (accessed 26 September 2018).

22 Tatar and Pasquier [10] p. 42.

Manuscript received 18 July 2018.

Kıvanç  TaTar is “a worker in rhythms, frequencies and 
intensities,” playing trumpet and electronics, composing ex-
perimental music, performing audiovisuals and researching 
creative artificial intelligence for music and interactive media. 
His career aims to integrate science, technology, engineering, 
interactive arts, contemporary arts and design to research in-
terdisciplinary topics to create transdisciplinary knowledge.

Mırjana PrPa researches immersive virtual environments 
that support mindfulness, embodied interaction and regulation 
of breathing and affective states.

PhılıPPe Pasquıer works on creative AI and generative 
systems. He is a scientist specialized in artificial intelligence, a 
multidisciplinary artist, an educator and a community leader.

211



Appendix E

Respire: Screenshots from the
video describing Respire
https://vimeo.com/368110108
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Appendix F

Chapter 7 Supplemental material:
2 Specific Diachronic Structures
Aligned

Description:
This file presents 2 Specific Diachronic Structures Aligned in its original format size that was also
included in Figure 7.9 in a smaller format.

File name:
TSM_2_Specific_Diachronic_Structures_Aligned.xlsx
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Appendix G

Chapter 7 Supplemental material:
Specific Diachronic Structure
(ID13)

Description:
This file presents Specific Diachronic Structure based on ID13 transcript.

File name:
TSM_Specific_Diachronic_Analyisis_ID13.xlsx
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Appendix H

Chapter 7 Supplemental material:
Specific Diachronic Structure
(ID17)

Description:
This file presents Specific Diachronic Structure based on ID17 transcript. The excerpts from this
table is shown in Figures: 7.3, 7.5, 7.6 and 7.4.

File name:
TSM_Specific_Diachronic_Analyisis_ID17.xlsx
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Appendix I

Chapter 7 Supplemental material:
Generic Diachronic Structure with
Phases and Sub-phases

Description:
This file presents Generic Diachronic Structures that was also included in Figure 7.11 in a smaller
format.

File name:
TSM_Generic_Diachronic_Structure.xlsx
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