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Abstract 
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Technology-supported movement learning has emerged as an area with ample possibilities 
within Human Computer Interaction and Interaction Design, as interactive technology can 
help people to develop and improve sensorimotor competencies. To date, design research has 
largely focused on technology development and on supporting individual learning experiences. 
However, it has engaged less with the social and situated contexts of movement learning. This 
dissertation proposes an interaction design approach that focuses on such contexts: designing 
for intercorporeality. This approach aims at enhancing how people teach and learn movement 
by designing and using biofeedback technologies. 

Designing for intercorporeality is theoretically grounded in phenomenology and situated 
perspectives on movement learning. Focused on the fitness domain, it is empirically grounded 
in analytical studies of social fitness practices and in three design projects in the contexts of 
yoga, circus training and strength training. Following a research through design methodology, 
the projects center on developing a particular form of biofeedback artefacts, the Training 
Technology Probes (TTPs), that extend people’s appreciation of their own and the others’ 
movement. The projects also center on designing the use of the TTPs as interactional resources 
that enhance the teachers’ and students’ ability to articulate, communicate, understand and act 
on movement knowledge. 

Designing for intercorporeality presents three defining characteristics. First, a set of aesthetic 
ideals on what designs should incorporate to enhance teaching and learning. These relate to 
enhancing people’s movement appreciation and supporting them in building relevant meaning 
and action to address the practice’s movements. Second, it presents design knowledge in the 
form of a strong concept: intercorporeal biofeedback. The concept captures interactive use 
patterns between people and technology, illustrating how the aesthetic ideals can be incorporated 
in the designs. The third characteristic concerns the designs’ effects on people’s experience, 
which show how the design approach enhances how people teach and learn movement. 

Through articulating designing for intercorporeality, this dissertation broadens and deepens 
design research in the area of technology-supported movement learning in Human Computer 
Interaction and Interaction Design. It contributes design knowledge on how to design interactive 
technologies that can meaningfully cater and add to the social and situated contexts of movement 
learning. 
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Chapter 1. Introduction 

1.1. Technology-Supported Movement Learning 

Over the last decades, both industry and research have tapped into the 

potentials of designing and using interactive technology to facilitate 

movement learning. That is, to support people in developing and improving 

their sensorimotor competencies and their ability to move in specific ways 

(Besnier & Brownell, 2012, Haibach-Beach et al., 2011). Advances in sensing, 

actuating, and wireless technology have brought forward new ways to support 

movement learning (Bevilacqua et al., 2016; Caramiaux et al., 2020). 

Technology-supported movement learning has emerged within Human 

Computer Interaction (HCI) and Interaction Design (IxD) as an area with 

ample possibilities in a variety of contexts. These include innovative ways to 

support learning in existing domains, such as sports (e.g., Ludvigsen et al., 

2010), fitness (e.g., Khurana, 2019), rehabilitation (e.g., Singh et al., 2017), 

martial arts (e.g., Lin et al., 2018), and dance (e.g., Rivière et al., 2019). They 

also include domains that feature novel experiences that are enabled by the 

technology, such as in-home training (e.g., Zaczynski & Whitehead, 2014), 

exergames (e.g., Martin-Niedecken et al., 2019), and movement-centric 

interactive arts (e.g., Wilde et al., 2011). 

To date, design research in the area has largely been driven by technology 

development, with the aim of creating new or better ways to sense, model, 

predict and evaluate movement (e.g. Aljaaf et al., 2016; Velloso, Bulling, 

Gellersen, et al., 2013) and testing it in quasi-experimental settings. Design 

research has also largely focused on solutions that foster and cater to 

individual experiences, so as to make learning more engaging (e.g. Martin-

Niedecken et al., 2019), autonomous (e.g. Umek et al., 2014), accessible (e.g. 

Aggravi et al., 2016), or affordable (e.g. Ding et al., 2015). 

However, design research has engaged less with the social and situated 

contexts of movement learning. The body sociality in teaching and learning – 

how different bodies interact with, relate to, and affect each other – is often 

disregarded as the focus of the design interventions. Thus, as designers we 

lack guidance on how we can design for and support people teaching and 

learning movement. In this dissertation, I explore how turning the design focus 

to the body sociality can uncover novel ways to approach technology design 

in the area and can expand the roles of our designed technologies - towards 

creating rich and meaningful technology-supported learning experiences. 
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There is value in doing so as movement learning is often a social affair. 

Social interaction within a community of movement practice serves to 

promote particular ways of moving and thinking, and to share and 

communicate its specific attitudes, values and aesthetics (Tinning, 2011). 

Further, the role of the body sociality is crucial to the development and 

improvement of sensorimotor capabilities and competencies (Armour, 2011; 

Crossley, 2004; Jakubowska, 2017). Often, the ability to perform a practice’s 

movements (e.g. its exercises, its motor skills) is developed under the 

guidance of experienced people who engage students in processes of  

instruction, assessment, and feedback (Armour, 2011; Goodwin, 2017; 

Jakubowska, 2017).  

Engaging in movement learning in social contexts is part of the life 

experience of many, and it is still arguably the best way to help people become 

a competent member of a practice (Jakubowska, 2017; Meyer & Wedelstaedt, 

2017). Yet, there exist interactional challenges in how people teach and learn 

movement in social contexts. These challenges stem from inherent 

asymmetries in knowledge, competences, and perceptual capabilities between 

teachers and students (Evans, 2013; Goodwin, 2017; Jakubowska, 2017). 

These asymmetries often relate to articulating, communicating, 

understanding, and acting upon movement knowledge (Jakubowska, 2017), 

which can ultimately hinder people’s capacity to teach and learn a practice’s 

movements. These challenges open up for the potential of technology to help 

address them. 

With this dissertation, I aim at contributing to technology-supported 

movement learning in HCI and IxD by focusing on the body sociality, and 

exploring how interactive technology can contribute to it. It is my aim to show 

that, if interactive technologies are well designed and used, they can enhance 

how people teach and learn movement, yielding interactive experiences that 

meaningfully address and add to their social and situated contexts. 

1.2. Aims, Scope, and Research Question  

My overarching aim has been to explore how we, as interaction designers, can 

enhance how people teach and learn movement, and articulate design 

knowledge contributions that can be generative of future design work in the 

area.  

My scope is delimited by two important overarching considerations. First, 

my work has addressed movement learning in practical terms. Although the 

body sociality underpins many values and goals in movement learning (e.g., 

identity building, motivation, and community belonging, cf. Tinning, 2011), I 

have addressed it in terms of teaching and learning specific movements. 

Second, to frame my design research inquiry, I have taken a practice-based 

approach (Kuutti & Bannon, 2014) and focused on established social practices 
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in the fitness domain. These practices foster and reflect important dimensions 

of human cultures, such as identity, ethics, and politics (Tinning, 2011). 

Through them, we can learn about our bodies, our health, and ourselves (ibid.). 

By engaging in their communities of practice, we can extend our movement 

repertoire, sensorimotor capabilities and competencies, our ways of being in 

the world - and ultimately our ability to lead better lives (Shusterman, 2008). 

Fitness practices foster specific forms of bodily enculturation, which 

manifest in specific movements and exercises (Crossley, 2007; Jakubowska, 

2017) that encompass specific movement patterns, movement qualities (e.g. 

posture, balance, and pace), and sought sensorimotor appreciations.  

Movement learning in these practices is often normative: there are right 

and wrong ways to move. Hence, fitness practices allow for an investigation 

of movement learning in terms of practical accomplishments (Evans, 2013; 

Jakubowska, 2017; Meyer & Wedelstaedt, 2017). Furthermore, movement 

learning in these practices is predominantly social and features rich and 

complex forms of body communication and interaction (ibid.). Therefore, they 

offer a prime and fruitful ground to explore issues of how interactive 

technology can be designed to enhance how people teach and learn movement.  

Such aims and scope underlie the open and exploratory research question 

of this dissertation:  

 

How can interaction design enhance how people teach and learn 

movement in social and situated movement practices? 

This research question foregrounds important considerations. First, it brings 

the design focus to the body sociality in movement teaching and learning, 

framing it as a desirable, useful, and relevant phenomenon. Second, it posits 

that through design we can enhance how people teach and learn movement. 

Both considerations are aligned with the core theoretical premises of my work, 

which I unpack and elaborate upon in Chapter 2. Finally, the research question 

grounds my work in the scope of movement practices in social and situated 

contexts of movement teaching and learning.  

1.2.1. Formulating and Addressing the Research Question 

The research question above drove the work in this dissertation. It emerged 

early in my work during analytical studies of social movement learning 

practices in the fitness domain (Paper I). These studies brought me to an 

understanding that the body sociality is key in movement learning, yet it is not 

without challenges. In this early work, I began to identify design opportunities 

for interactive technology design, which became further articulated and 

explored throughout my practical design work. 

I further engaged with the research question through practical design work 

in three design projects. Each project featured a different fitness practice and 
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target group: Enlightened Yoga (Paper II) focused on yoga and beginner and 

intermediate students; Super Trouper (Paper III) focused on circus training for 

children with mild sensorimotor challenges; and BL Strength (Paper IV) 

focused on strength training for people at different skill levels.  

In these projects, I, together with different collaborators, developed a 

collection of design research artefacts (Pierce, 2014), discussed in the 

dissertation as Training Technology Probes (TTPs). The TTPs are 

biofeedback artefacts. Biofeedback technologies refer to technologies whose 

actuation augments body and movement qualities (such as posture and 

alignment, movement trajectory, pace, pressure, and force) as well as 

physiological processes (such as breathing and heartrate). The TTPs are also 

wearables. Their design, based on small sensing and actuating components 

and adjustable attachments, allows them to be worn and augment movement 

qualities in different body areas. In the three projects, I, and other co-

designers, explored how to design and use the TTPs so as to enhance how 

people teach and learn movement. We also evaluated the designs in user 

studies with teachers and students of each practice.  

Finally, I have addressed the research question by articulating design 

knowledge forms that can have broader applicability than the design 

particulars of the projects (Paper V and this dissertation itself). 

1.3. Design Research Approach 

I situate my work at the intersection between HCI and IxD. HCI, in its broadest 

scope, focuses on the design and study of how people use, interact with, and 

experience computational technology across a variety of situations. As 

multidisciplinary research field, it has drawn from a myriad of perspectives 

and disciplines throughout its history (e.g., psychology, social sciences, and 

engineering) with different foci of interest and inquiry (Bødker, 2006). IxD is 

concerned with design practice (Rogers et al., 2011), shaping and studying 

interactive systems with a focus on their use qualities (Löwgren, 2002).  

The fields often intersect in strands of research belonging to the third-wave 

HCI (Bødker, 2006), where design holds a focal position in the inquiry of 

cultural, experiential, and bodily aspects of our interaction with technologies 

(Fallman, 2003). This dissertation falls within the scope of constructive design 

research (Koskinen et al., 2011), which involves constructing things and 

putting them to use to develop knowledge and explore possible futures (ibid.). 

Within that scope, my methodological approach is best characterized as 

Research through Design (Gaver, 2012), an inquiry method that employs 

methods and processes from design practice (Zimmerman et al., 2010).  

My work has been influenced by methodological considerations from two 

design programs: practice-based design approaches in HCI (Kuutti & Bannon, 

2014) and soma design (Höök, 2018). Influenced by practice-based design, I 
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have considered during design not only the form of the interactive artefacts, 

but also their use in each practice and the potential acts of appropriation made 

by participants. Influenced by both, I have approached designing as the 

crafting of an experience with a variety of social, technological, bodily, and 

spatial materials. Finally, influenced by soma design, I have foregrounded 

bodily engagement during design. I have also foregrounded designing with an 

in-depth understanding of the bodies in motion, norms, values, and goals of 

each movement learning practice. To attain so, I have involved movement 

teachers of the selected practice as co-designers, and drawn from my own 

personal experience in learning different movement practices. In Chapter 4, I 

elaborate on these methodological considerations. 

1.4. Designing for Intercorporeality: Summary of 
Contributions 

The overarching contribution of my work is an interaction design approach to 

technology-supported movement learning, which I call designing for 

intercorporeality. This approach aims to enhance how people teach and learn 

movement. It suggests to do so by focusing on the intercorporeal engagements 

between teachers and students - and designing and using biofeedback 

technologies to enhance them.  

This focus is grounded in the theoretical perspectives underpinning this 

work. The approach draws from the notion of intercorporeality as constitutive 

of the body sociality in movement teaching and learning. I ground my 

conceptualization of intercorporeality in phenomenological accounts of social 

cognition (Meyer et al., 2017). Intercorporeality addresses how people attune 

to and incorporate perceptions on, and actions of, other people into their own 

experience, and together build relevant meaning and action. Through the 

intercorporeal engagements between teachers and students, a particular 

practice’s movements are taught and learned. In Chapter 2, I elaborate on this 

theoretical notion and its importance for movement teaching and learning. 

The interactive biofeedback artefacts of my work bring a distinct addition 

to the intercorporeal engagements between teachers and students: they extend 

people’s perception and appreciation of particular movement qualities and 

physiological processes, both of their own body and other bodies. This in turn 

extends their ability to act upon such movement qualities and physiological 

processes, as well as to jointly build meaning and action with others.  

The biofeedback technologies I have designed and used provide actuation 

forms that are perceptually available to both teachers and students. Further, 

they are open-ended: they do not prescribe normative meanings nor specify 

courses of action. Teachers and students can simultaneously orient to the 

actuation and refer to it, endow it with relevant meaning and ascribe particular 
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courses of action to it. These enable the biofeedback technologies to be used 

as an interactional resource alongside other existing interactional resources 

such as speech, gestures, and bodily demonstrations. Through all these, 

teachers and students can jointly build relevant meaning and action that 

addresses and develops a practice’s desired forms of bodily enculturation.  

The design approach designing for intercorporeality is the overarching 

contribution of this dissertation. I have explored it through the three design 

projects of my work (Papers II–IV), which serve as design examples of how 

the approach enhances how people teach and learn movement. The design 

approach also encompasses other knowledge forms that serve to characterize 

it. These can be understood as intermediate-level knowledge contributions 

(Höök & Löwgren, 2012) that sit at more general levels than the particular 

design examples and aim at informing future design research work (ibid.).  

The intermediate level contributions in this dissertation include a set of 

aesthetic ideals that the design approach seeks and incorporates so as to 

enhance how people teach and learn movement. These ideals relate to 

enhancing people’s awareness of themselves and the others, and supporting 

them in building relevant meaning and action to address the practice’s 

movements. The contributions also include the strong concept (ibid.) 

intercorporeal biofeedback (Paper V), a design conceptualization that 

describes interactive use patterns shared among the design examples, and that 

foregrounds a particular way to design and use biofeedback technologies to 

cater for social and situated movement learning contexts. This strong concept 

grounds the proposal to use biofeedback technology as interactional resource, 

and it constitutes my response of how I, as a designer, have fostered and 

incorporated the sought aesthetic ideals in my designs. Finally, the 

contributions also include a series of recurring effects that the designs brought 

to the teaching and learning experience of the participants in the three design 

projects. These serve to illustrate the impact of the design approach. 

The design approach provides direction and guidance on how interaction 

design can enhance how people teach and learn movement. This dissertation 

broadens and deepens design research in the area of technology-supported 

movement learning in HCI and IxD. It contributes design knowledge on how 

to craft interactive experiences that can meaningfully cater and add to the 

social and situated contexts of movement learning. 

1.5. Limitations 

The work I present in this dissertation is exploratory and presents a number of 

limitations. First, to frame my design research inquiry, I focused on three 

particular fitness practices. While these share many similarities to other 

movement learning practices in other domains, their choice delimits the 

current relevance and applicability of my results and contributions. Second, I 
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focused on teachers and students. However, this is not the only form of body 

sociality that is relevant, or present, in social and situated movement learning 

contexts: students also relate to, interact with and learn from each other in such 

contexts. My design research approach has not foregrounded these other 

relationships, favouring the teacher - student interaction instead. Third, the 

particular view on movement learning I adopted, grounded in situated 

perspectives (Evans, 2013; Meyer & Wedelstaedt, 2017), has implied a focus 

on collocated, in-the-moment social contexts. Questions about long-term use 

of the designed artefacts and their impact on movement learning in the long 

run fall outside of my work’s scope and remain unaddressed.  

Relatedly, I worked with existing and established practices in situated 

contexts and with real teachers and students. Insights from the studies showed 

the potency of the design approach to enhance how they taught and learned 

movement within the context of the user studies of the research. Yet, the user 

studies with participants also surfaced challenges with respect to making the 

designs available for use in their everyday teaching and learning practices. 

These challenges related to moving from research prototypes to fully-fledged 

research products, something that I have not been able to meaningfully address 

within the scope of this dissertation’s work. 

Finally, I made valuations on how my work enhanced movement teaching 

and learning based on qualitative insights. These were grounded in the 

participants’ own experiences from the user studies. I have not attempted to 

compare if my designs improved the participants’ teaching and learning using 

more objective metrics such as time invested or number of performance errors 

committed. 

I further elaborate on the limitations of my work in Chapter 7, and trace 

how future work could address them. 

1.6. Structure of the Dissertation 

This is a compilation dissertation, based on five included papers (Papers I–V) 

and supported by other publications that I refer at different points of the text 

(Papers VI–XII). Through this dissertation, I bring together its included 

papers, articulating and reflecting on their joint contribution to technology-

supported movement learning. The dissertation is structured as follows: 

In Chapter 2, Theoretical Underpinnings, I elaborate on the theoretical 

premises that structure and frame my work, grounded in phenomenology, 

pragmatism, and situated perspectives on movement learning. I present the 

perspective that I adopt on the moving body and movement learning, elaborate 

on intercorporeality and its relevance to social movement practices, and 

present common interactional challenges in movement teaching and learning. 

I also present how I approach the concept of aesthetics in my work.  
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In Chapter 3, Related Work, I provide an overview of the area of 

technology-supported movement learning in HCI and IxD. I develop its 

predominant design goals and approaches as well as their main limitations. I 

review strands of work that relate to and have inspired my work. These include 

alternative design approaches within the area, and other movement-centric 

design research works that have dealt with biofeedback and intercorporeality. 

In Chapter 4, Methodological Approach, I elaborate on the methodological 

groundings of my work. I provide the context for my methodological approach  

and an overview of my design research process. I present the methodological 

influences that have shaped my design research process, and reflect on how I 

have articulated the knowledge contributions of this dissertation. 

In Chapter 5, Empirical Studies, I briefly present the empirical work 

underpinning the dissertation, which is described in greater detail in the 

accompanying Papers I–IV.  

In Chapter 6, Designing for Intercorporeality, I present the contributions 

of my work. Specifically, I present the design approach, characterizing it in 

light of its sought aesthetic ideals, the strong concept intercorporeal 

biofeedback (Paper V), and its effects in regard to how it enhances the ways 

people teach and learn movement. 

In Chapter 7, Discussion, I discuss designing for intercorporeality as an 

interaction design approach for technology-supported movement learning. I 

reflect on its consistency, generativity, and scope. I situate my contributions 

among other HCI and IxD works, both within and outside the area of 

technology-supported movement learning. I also discuss the knowledge 

contributions of this dissertation in relation to established evaluative criteria 

for Research through Design contributions (Höök & Löwgren, 2012).  

In Chapter 8, Conclusion, I summarize the dissertation’s work and revisit 

the research question in light of my contributions. I also trace how others can 

methodologically advance the design approach in future work. 
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Chapter 2. Theoretical Underpinnings 

This dissertation concerns the body sociality in movement teaching and 

learning, and how interactive technology can be designed to enhance how 

people teach and learn. In this chapter, I unpack the theoretical underpinnings 

of my work that have grounded, framed, delimited, and directed my design 

research. Redström (2017) describes this approach to theory – i.e., connecting 

theory to design practice – as sequencing, in which theoretical notions, often 

from fields other than design, have influenced design in fundamental ways.  

Engaging in interaction design work that focuses on the body calls for 

addressing important considerations regarding body awareness and 

perception, as well as perspectives on it (Höök et al., 2021). My design focus 

on situated, interacting bodies in movement learning has called for a 

theoretical backdrop that offers a fruitful perspective, inspiration, and 

guidance for working in such social and situated contexts. I draw from two 

strands: one grounded in phenomenological and pragmatist views of the body 

and body sociality, and one grounded in situated perspectives of movement 

learning. Both these theoretical strands reject intellectualism and mind-body 

dualism, by foregrounding our situated, corporeal, and social presence in the 

world as the source of knowledge, perception, understanding, and action. Both 

strands enable me to articulate the social and situated perspective on 

movement teaching and learning that this dissertation addresses.  

Further, I draw from a pragmatic perspectives on HCI and IxD (Dixon, 

2020; Höök, 2018) to provide a foundation to how I approach the concept of 

aesthetics in this dissertation. 

2.1. Interacting Bodies in Movement Learning 

2.1.1. Perspectives on the Body 

In philosophy of perception, body and movement have increasingly been 

viewed as the basis of our being in the world (Sheets-Johnstone, 2011) and as 

possessing a primary role for human experience and communication (Kolter 

et al., 2012). This tradition bases consciousness on animacy and motility 

(Meyer & Wedelstaedt, 2017). As Sheet-Johnstone (2011) argues: 

‘[M]ovement is indeed the mother of all cognition. It forms the I that moves 
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before the I that moves forms movement’. That is, our lived corporeal 

experience is determined by the inseparability of perception, action, and 

cognition (ibid.).  

When designing with and for the body, it is relevant to consider how we 

experience our own body and our world. Sheets-Johnstone (2011) describes 

two kinds of body movement awareness, which occur simultaneously. One is 

an innate, lived feeling of our self-movement by virtue of our condition as 

animated beings. The other type of awareness is a perceptual experience of 

our body movement as it unfolds in a four-dimensional spatial and temporal 

context. With such, we become aware of the literal or figurative impact of our 

movement on others and our surrounding world. Both types of body awareness 

are object of our attention and constitutive of our first-person perspective of 

ourselves, which is a felt, subjective stance. 

We perceive ourselves, our body and movement, through the so-called 

‘position and movement’ senses (Miller, 2014a). Several terms have been 

proposed for these senses (e.g., proprioception, kinaesthesia, and vestibular 

senses), but confusion and a lack of consensus prevail regarding their meaning 

and nuanced differences (Sheets-Johnstone, 2011; Stillman, 2002). Here, I 

draw from Sheets-Johnstone (2011) and use ‘proprioception’ as broad term 

that encompasses kinaesthesia, which is the experiential awareness and felt 

sense of movement and position of our own body, as it is generated within our 

neuro-muscular systems. Proprioception also encompasses the gravitational 

orientation sensations acquired through our vestibular sensory organs. 

(Sheets-Johnstone, 2011). Hence, proprioception relates to bodily sensations 

and processes concerning our own body shape and size, the spatial position of 

different areas of our body in relation to each other and gravity, movement 

and its qualities (e.g., speed, direction, amplitude, force, and weight), muscle 

engagement, and body balance (Sheets-Johnstone, 2011; Stillman, 2002). Yet, 

other senses also aid in our perception of our body, in particular, vision, 

hearing, and touch. These, together with smell and taste, are sometimes 

referred to as exteroceptive senses (Stillman, 2002), which also enable us to 

process sensory stimuli located in the world (Stillman, 2002), drawing our 

attention to specific events in the world. 

Through this first-person, felt, and subjective perspective of ourselves, we 

can also simultaneously access other perspectives of our own body as well as 

other bodies (Höök et al., 2021). The second-person perspective speaks of a 

deep and felt awareness and empathy of other people’s bodily experiences 

(ibid.). A second-person perspective allows us to relate our own experience to 

that of others (Fdili Alaoui et al., 2015, Sheets-Johnstone, 2011), which speaks 

of intercorporeal modes of being (Meyer & Wedelstaedt, 2017) and empathy 

(Loke & Schiphorst, 2018). This perspective underpins people’s capacity to 

understand each other (Svanæs & Barkhuus, 2020) and to jointly build 

meaning and action (Goodwin, 2017). A third-person perspective is 
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observational, and it speaks of perceiving the body from the “outside”, as an 

object in the world (Svanæs & Barkhuus, 2020). 

These perspectives are lenses through which we can look into the nature of 

our awareness of ourselves and others (Höök et al., 2021). They are often held 

and negotiated simultaneously (ibid.) and shaped by our own lived experience. 

As Höök et al. argue (2021), even when adopting a third-person perspective 

on our own body, we still experience it simultaneously from within. Yet, 

thinking in terms of these perspectives offers a useful vocabulary when 

designing with and through the body (ibid.). In this dissertation, all three 

perspectives are useful when discussing aspects of the body sociality in 

movement teaching and learning.  

2.1.2. Movement Learning 

Movement learning is a complex phenomenon that features in many facets and 

activities in human life. From infancy, we must all learn to move our bodies 

(Sheets-Johnstone, 2011), developing a basic repertoire of movements to 

engage with the world and others, e.g., turning, crawling, grabbing (Haibach-

Beach et al., 2011). Yet, a person’s movement abilities, their repertoire of “I-

cans” (ibid.), change throughout life, and often feature voluntary movement 

learning endeavours, such as engaging in particular movement practices and 

their culture. This dissertation concerns some of such practices, in particular 

in the domain of fitness. 

Movement learning involves a wide array of considerations, that range 

from practical bodily abilities to values, identity, society, ethics, and politics 

(Tinning, 2011). This dissertation addresses movement learning in its practical 

terms: as the development of the performative ability to move in specific 

ways. In this dissertation, such ‘specific ways’ are determined by a movement 

practice’s culture, and are found in its exercises (e.g. yoga poses, squats) and 

sought motor skills (e.g., swimming, riding a bike, or throwing a ball).  

These exercises and skills are the recognizable traits of a particular 

movement practice (Crossley, 2004). They involve complex movement 

patterns (e.g. a series of body orientations, positions and movements 

orchestrated in particular ways, c.f. Crossley, 2007; Jakubowska, 2017); 

movement qualities (e.g. posture, balance, and pace), and sought sensorimotor 

appreciations regarding the body and its relationship with its socio-physical 

and cultural surroundings (Meyer & Wedelstaedt, 2017; Shusterman, 2008). 

It is broadly agreed that people develop the performative ability to move in 

specific ways through practice and repetition (Ericsson et al., 1993; Rivière et 

al., 2019). However, theorizing how movement learning occurs is difficult and 

theories are still in flux. There exists an eclectic array of learning theories – 

e.g., behaviourism, cognitivism, constructivism, and sociocultural theories 

(for a detailed overview see Armour, 2011 and Kirk et al., 2006). The 

differences in these theories are due to differences in the learning metaphors 
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they employ, the assumptions about movement knowledge and learning they 

rely on, and the roles of the teacher, the student, and the environment (Armour, 

2011; Kirk et al., 2006). Historically, dominant theoretical perspectives have 

shifted from foregrounding external factors (i.e., positive reinforcement in 

behaviourism; information processing in traditional cognitivist perspectives,  

Kirk et al., 2006) to a more socio-culturally informed situated perspective that 

considers the student as an embodied subject in particular socio-cultural 

practices and contexts (e.g. Armour, 2011; Goodwin, 2017; Kirk et al., 2006). 

This dissertation is grounded in this socio-culturally situated perspective, 

which in turn draws on phenomenology, anthropology, and embodied 

cognition. This perspective focuses on people participating in culturally-

situated movement practices, and views movement knowledge as intrinsically 

related to such particular contexts (Armour, 2011; Rovegno, 2006).  

In this perspective, people develop performative abilities through their 

participation and engagement in established communities of practice 

(Rovegno, 2006). The pedagogical endeavours are geared towards ‘the task of 

building competent members with the skills and knowledge required to see 

and act in the world, in just the ways that make possible the ongoing 

accomplishment of the activities of that specific community’ (Goodwin, 2017, 

p.12). Therefore, this perspective understands learning as part of a body 

enculturation process that aims at producing competent practitioners of the 

movement practice (Quennerstedt et al., 2014; Rovegno, 2006).  

In this perspective, learning is assumed to occur through visible changes in 

performative abilities, changes prompted by the relations between individuals 

and their physical, material, and social environment (Rovegno, 2006). Hence, 

learning is considered an interactional process that modifies and extends one’s 

sensorimotor competencies (our repertoire of “I-cans”) based on the 

movement practice’s culture (Jakubowska, 2017). 

2.1.3. Intercorporeality: the Body Sociality in Movement 

Teaching and Learning 

The situated perspective on movement learning foregrounds the social and 

cultural environment in which an individual learns (Rovegno, 2006). In 

communities of practice, the body sociality (how different bodies interact 

with, relate to, and affect each other) is instrumental for developing the desired 

performative abilities (Meyer & Wedelstaedt, 2017). 

In such communities of practice, people learn from and with other people. 

In particular, learning can be viewed as a form of apprenticeship (Rovegno, 

2006), where both students and their social context contribute to the learning 

efforts (ibid.). Newcomers to the community of practice are guided and 

mentored by more experienced members to become competent practitioners 

(Goodwin, 2017; Rovegno, 2006). These more experienced members often 
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undergo pedagogical training to become facilitators of others’ movement 

learning. Fitness instructors, sport coaches, physical educators, personal 

trainers and arguably physiotherapists can all be considered movement 

teachers (Tinning, 2011) in social and situated contexts, and are referred to as 

such in this dissertation. 

A phenomenon central for learning movement from others is that of 

intercorporeality, the central concept driving my design and analytical work. 

Grounded in phenomenological accounts of social cognition, intercorporeality 

conceives the body in terms of its interaction with other bodies and its 

continuous engagement with its cultural and material surroundings (Meyer et 

al., 2017). Intercorporeality speaks to how people incorporate perceptions and 

actions from other bodies into their experience to form a perceptual whole 

(Meyer & Wedelstaedt, 2017). In addition, intercorporeality encompasses our 

innate sensitivity to the movements of other bodies (Meyer & Wedelstaedt, 

2017), our capacity to understand and empathize with others (Svanæs & 

Barkhuus, 2020), and our capacity to imitate how other people perform 

movements (Sheets-Johnstone in Jakubowska, 2017). Intercorporeality also 

addresses how people jointly generate and share meanings (Meyer et al., 

2017), as the actions of others influence and prompt possibilities of action in 

ourselves (Tanaka, 2015).  

To further characterize intercorporeality as I approach it in this dissertation, 

below I summarize some of its relevant characteristics for movement teaching 

and learning, which also underpin the articulation of the aesthetic ideals of my 

work in Chapter 6. 

Social Sensemaking 

The concept of intercorporeality builds on phenomenological understandings 

of sensemaking. According to these understandings, perception and action are 

not distinct phenomena. Rather, both underpin our meaning-generation 

capacity as perception requires action (Svanæs, 2013).  

People are constantly engaged in meaning and action building through the 

‘prosody of our living-streaming’, which is grounded in animacy and motility 

(Sheets-Johnstone, 2011). Our perception of the world relates to our 

possibilities for action in it (Hummels & van Dijk, 2015), and individuals, 

depending on their body, experiences, habits, and training, will engage with 

(and therefore make sense of) the world in specific ways (Svanæs, 2013). 

Sensemaking emerges and is sustained through our interactions with the world 

(Hummels & van Dijk, 2015): people do not receive information passively 

and then process it through internal representations and valuations (Jaegher & 

Paolo, 2007); rather, people make sense of the world through an active, 

ongoing, interactional and corporeal engagement with it and the artefacts, 

environments, materials, and people who populate it (Jaegher & Paolo, 2007; 

Meyer & Wedelstaedt, 2017). 
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In social settings, sensemaking is often a social and participatory endeavour 

(Hummels & van Dijk, 2015; Jaegher & Paolo, 2007). It is grounded in the 

situated and social interactions of people in a shared space of action (Hummels 

& van Dijk, 2015). Jaegher and Paolo describe this shared sensemaking as ‘the 

coordination of intentional activity in interaction, whereby individual sense-

making processes are affected, and new domains of social sensemaking can 

be generated that were not available to each individual on her own’ (Jaegher 

and Paolo, 2007; pg.13). They also propose that people build meaning in 

social interactions, characterized by patterns of coordination that influence its 

generation, sustainment, and modification (Jaegher & Paolo, 2007).  

This understanding is relevant for intercorporeal engagements in 

movement teaching and learning, as they constitute the ways people achieve 

intersubjective meanings and mutual understandings of the self, the other and 

the movement practice’s culture.  

Fundamental Conditions 

Some fundamental conditions need to exist for intercorporeality to be 

constituted. Meyer et al. (2017)’s work on intercorporeality brings attention 

to some of these conditions, which affect movement teaching and learning. 

First, intercorporeality is based on a reciprocal perceptibility between the 

self and the other. To make sense of the self and the other, and jointly build 

action and meaning, a person must have the conditions to appreciate their own 

perceptions and actions and those of the other. Both first-person (i.e., felt 

experiences) and second-person perspectives (i.e., empathic relationships) 

(Meyer & Wedelstaedt, 2017) are required to attune to another person’s 

movements. They are also required to relate one’s own movement experience 

to that of another (Sheets-Johnstone, 2011). In face-to-face interactive 

settings, reciprocal and reflexive attention and orientation are required for 

intercorporeal engagements to be constituted.  

Second, intercorporeality requires a form of bodily co-presence between 

the self and the others, which is created and sustained through interwoven and 

related sensorimotor appreciations and actions. This bodily co-presence can 

have different forms in movement practices. Some intercorporeal forms are 

agonistic (e.g., martial arts), others are symmetrical (e.g., synchronized 

swimming or group running), and others are co-operative (e.g., group sports). 

In these forms of bodily co-presence, varied intensities of intercorporeality 

can exist. In strong forms of intercorporeality, the self and the other act as a 

unit, making it difficult (if not impossible) to attribute movement 

contributions to any individual (e.g., partners in partner dancing; a horse and 

its rider). In weak forms of intercorporeality, individual movements and 

contributions can be isolated and clearly attributed to an interactive partner. 

The work in this dissertation mostly focus on these latter: on co-operative 

forms of bodily co-presence (Goodwin, 2017) where the teacher and student 

engage in turn-taking interactive patterns geared towards building meaning 
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and action, and in which specific sensorimotor actions have specific 

consequences.  

This leads to a third condition: the intertwined nature of sensorimotor 

processes and feedback loops of perception and action. Past interactions 

affect and are inscribed in ongoing engagements, which in turn affect future 

engagements. Intercorporeality is generated and maintained through 

interaction; and people’s sensorimotor processes, actions, and perceptions 

mutually affect one another. These feedback loops often intertwine first-, 

second-, and third-person acts of perception – i.e., people attune to their felt 

experience, to the movements of others, and to the objective position of bodies 

in space and in relation to each other. For example, a yoga teacher may instruct 

a particular sequence of movements to a student. She is attending to her own 

experience when she articulates and communicates the instructions, but is also 

empathetic to the student’s movement literacy and instructional needs, which 

shape her instructional work. The student, who attends to the instruction, 

attempts to follow it, trying to incorporate in her experience what the teacher 

has instructed. During practice, student and teacher engage in self- and mutual 

reflection during assessment and feedback, honing their perception and 

adjusting their actions to best suit the responses of each other. Hence, first-

person felt sensations, empathy, and “objective” third-person appraisals all 

serve to instruct, act, assess, and correct performance. This coordinated and 

cumulative mesh of interactions are what enable people to jointly build 

meaning and action relevant to a movement practice’s culture. 

Based on these three conditions, intercorporeality can be understood as a 

mode of bodily co-presence that requires reciprocal perceptibility between 

people, and that is created and sustained through intertwined acts of perception 

and action (Meyer et al., 2017). 

Multimodal Interaction 

Intercorporeal engagements between teachers and students – the ways through 

which they teach and learn movement – are characterized by their 

multisensory nature. Different senses (e.g., vision, hearing, touch, and 

proprioception) are important for people to make sense of themselves and the 

others. People coordinate their efforts to achieve a practical understanding of 

a practice or situation through a range of multimodal resources available to 

them in interaction (Meyer & Wedelstaedt, 2017). These include language, 

bodies, materials, tools, and spatial elements. Through these, people interact 

with each other, and shape their own and the others’ actions and perceptions 

(Meyer et al., 2017).  

In the course of interaction, people may use and attend to a set of 

multimodal resources, which are often juxtaposed and elaborate on one 

another. For example, a yoga teacher might provide an instruction of a 

particular pose by bodily demonstrating it. At the same time, she might 

verbally refer to the different steps of the movements, or the desired placement 
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of the limbs. She might use gestures to identify particular muscles that the 

student needs to focus on during the pose. She might also draw attention to 

the mat, and how the student’s body should be positioned in it. That is, the 

teacher might use many verbal, bodily, material and spatial resources to 

instruct a pose. During the student’s performance, the student may attend to 

her own proprioceptive sensations and perceptions to assess and adapt her 

performance. But she may also attend to the teacher’s feedback, which can 

consist of verbal, tactile or gestural cues. The participants’ intercorporeal 

engagements are constituted in basis to an interwoven mesh of different 

multimodal resources: it is not possible to decompose the teacher and student 

multisensory and multimodal engagements into singular sensory perceptions 

(Loenhoff, 2017). 

The intercorporeal engagements between teachers and students are 

rendered visible (and therefore observable and researchable) through the 

ongoing production of social action (Evans, 2013; Goodwin, 2017). As new 

action and meaning unfolds, interactional resources are added, changed, or 

dropped if no longer relevant. Hence, these co-operative, intercorporeal 

engagements are in a continuous process of change, always with the 

orientation of building relevant meaning and action.  

2.1.4. Common Challenges for Intercorporeality in Movement 

Teaching and Learning 

The central role of intercorporeality for movement teaching and learning is 

not without challenges. Communities of practice face a series of challenges 

that can motivate the exploration of interactive technology to address them. 

People learning movements, especially novices, must develop movement 

literacy. However, obtaining a practical understanding of the own movement, 

as well as the desired motor skills, movement patterns, and sensorimotor 

appreciations of the movement practice is difficult (Jakubowska, 2017; 

Shusterman, 2008). Learning to control movement and hone sensorimotor 

capabilities and competencies requires attentive practice (Ericsson et al., 

1993; Rivière et al., 2019) and reflection (Shusterman, 2008). Our biology 

constrains our ability to acquire a third-person perspective of our body and 

movement, rendering it difficult to look at without the aid of technology (e.g., 

mirrors and cameras) (Núñez-Pacheco & Loke, 2014). An even larger issue is 

the elusive nature of felt sensations, which makes it difficult for people to 

access them and become aware of them (Candau et al., 2017), as well as act 

on them (Jakubowska, 2017). These sensations can often be obfuscated, so it 

is difficult to ‘lift [them] into consciousness’ (Candau et al., 2017). All these 

pose challenges in developing body awareness and movement literacy. 

In the process of developing such, teachers can guide students by directing 

their efforts, focus, and performance (Jakubowska, 2017; Schiphorst, 2011). 
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However, the movement knowledge required to do so is often difficult to 

verbalize (Gillies, 2019; Jakubowska, 2017), and is better communicated and 

understood through a multimodal array of resources, especially those that are 

non-verbal. Hence, to understand and act on movement, people need to hone 

their sensory appreciation, their communicative skills and their mutual 

empathy. People also need to learn how to cope with errors and 

misunderstandings (Gillies, 2019), and they need to develop the abilities to 

access and reflect not only on their own actions and perceptions, but also on 

those of others (Gillies, 2019; Shusterman, 2008). All these create challenges 

for people to jointly build relevant meanings and actions, as asymmetries in 

knowledge, competence, and perceptual capabilities between teachers and 

students can hinder their mutual understanding, making their intercorporeal 

engagements challenging.  

Interactive technologies can help people address these intercorporeality 

challenges. Technology can be designed to heighten movement appreciation 

abilities (Höök, 2018) regarding our own body and the bodies of others. It can 

complement other sources of bodily information (e.g., proprioceptive 

information), and can enhance our movement articulation, communication, 

control, and performance (ibid.). That is, technology can help develop 

particular aesthetic movement experiences that address these challenges for 

movement teaching and learning, enhancing the intercorporeal engagements 

that take place.  

In the next section, I reflect on the concept of aesthetics in interaction 

design as I adopt it, and the role of technologies to foster particular aesthetics 

experiences. 

2.2. Aesthetics 

Aesthetics is a complex concept that has been conceptualized in different 

ways. Here I take inspiration from pragmatic design research works in HCI 

and IxD (Dixon, 2020; Höök, 2018), which have turned to Dewey’s 

articulation of aesthetic experience. An aesthetic experience, unlike the stream 

of experiences in our life (Höök, 2018), has a clearly defined beginning and 

end that one can recall (Dixon, 2020). Dewey’s pragmatic aesthetics connects 

such experiences to human needs, hopes, desires, or fears (Petersen et al., 

2004). These aesthetic experiences bring people to new insights about the 

world, others, or themselves. 

In interaction design, aesthetics is connected to use and context (ibid.). 

Rather than being something that exists a priori in the world and that we 

encounter, an aesthetic experience stems from our active engagement with it 

(ibid.). In terms of design, aesthetics indicates a particular ‘coming together 

of the material interactions that define a particular event or activity; that we 

perceive it in holistic, contained terms’ (Dixon, 2020, p.39). That is, aesthetics 
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does not add value to an interactive system; rather, it emerges from our 

interaction with it and it is a central part of how we understand, experience, 

and use it (Petersen et al., 2004). Aesthetics emerges from an orchestration of 

diverse design materials, rather than from a system’s individual parts (Höök, 

2018). The aesthetics of the interaction design are discernible in interaction. 

As designers, we assign value to different design choices (Höök, 2018) to craft 

particular aesthetic experiences. 

2.2.1. Aesthetics in Movement Learning Practices 

My work is primarily concerned with aesthetic movement experiences: 

experiences where the appreciation and cultivation of movement is 

foregrounded (Höök, 2018). Here, the concept of somaesthetics (Shusterman, 

2008) and its adoption within interaction design communities are useful. 

Building on pragmatic aesthetics, somaesthetics emphasizes aesthetics as an 

active skill, the sensory appreciation of our body, our world, or an experience 

grounded in our body realities (Höök, 2008). It centres on body perception 

and action as a path to improve not only our sensorimotor capabilities - but to 

create richer and better ways of being in the world (Shusterman, 2008). 

Movement practices as the ones featuring in this dissertation can be viewed 

as fostering somaesthetic experiences, in which the locus of attention is on 

enculturating the body in particular ways, according to the particular 

practice’s culture. Most movement practices pursue similar aesthetic values: 

a heightened awareness and understanding of the movements desired in the 

practice, a heightened appreciation of nuanced and rich aspects of our body 

and performance, and ultimately the development of better ways of moving, 

according to the movement practice’s culture.  

Movement practices often incorporate normative movement aesthetics 

(Tinning, 2011). A practice’s movements and exercises emphasize desired 

ways of moving, featuring particular movement qualities, movement patterns 

and sensorimotor appreciations (Shusterman, 2008). They also emphasize 

what are undesired, or less adequate, ways of moving. Movement practices 

express normative forms of body enculturation, i.e. they present norms on 

their movements, specified by the movement culture. 

Most movement practices share aesthetic goals and a normative orientation 

towards the practice’s norms. Yet, specific practices also feature other 

aesthetics. For example, in mindful body practices, like some forms of Yoga 

and Feldenkrais, a slow engagement and inward attention might be desired. In 

practices such as dancing or horse riding, rhythm and synchronicity between 

different bodies is at the core of the aesthetic experience. In other practices 

aimed at developing particular fitness components, such as strength in 

weightlifting, repetition and pace of movements might be part of the desired 

aesthetic experience. Hence, when designing for specific practices, as 

designers we need to be aware of the aesthetic values that underpin them. 
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2.2.2. Role of Technology 

As an interaction designer, my work has centred on crafting movement 

experiences with a technological component. It is thus important to reflect on 

the role of technology in giving rise to particular aesthetic experiences, as 

‘technologies help shape perceptions and actions, experiences, and practices. 

In doing so, they help shape how human beings can be present in the world 

and how the world can be present for human beings’ (Verbeek, 2015; pg.4). 

Technologies affect how we engage with the world, ourselves, and each 

other, and give rise to different aesthetic experiences. Body-centric 

technologies can encourage particular interactions that shape our body, our 

attention, and our perception (Höök, 2018). They can extend our perception 

and action (Verbeek, 2005), mediating how we experience ourselves and 

others. Therefore, interactive technologies hold the promise of helping 

cultivate and develop particular sensorimotor capabilities and competencies, 

improving our movement abilities and literacy, and ultimately impacting the 

ways we move (Höök, 2018). 

Technologies can help us experience and act in the world, e.g., glasses, 

which help us perceive our world. Technologies can be designed to guide our 

attention to our inner, felt sensations, helping us hone our first-person 

perspective. They can also help us make sense of our body in motion 

(Bevilacqua et al., 2016), amplifying bodily sensations and performance 

parameters, and giving us information about elusive movement aspects in a 

way that goes ‘above and beyond the information that is naturally available’ 

to us (Giggins et al., 2013). They can focus our attention on certain movement 

qualities and physiological processes, so that we can influence and control 

them (Höök, 2018). They can guide and focus our attention in dynamic ways: 

on our body, other bodies, and the technology itself (Nunez-Pacheco & Loke, 

2014). 

Technology can also augment and disrupt our bodily perspectives. It can 

be employed to decouple first- and third-person perspectives (Höök et al., 

2021) through acts of defamiliarization, making the usual strange. Finally, as 

I show throughout this dissertation, technology can be designed to support 

intercorporeal modes of being, enhancing second-person perspectives, 

empathy, communication, and joint acts of perception and action. 

It is important to consider that the aesthetic experiences fostered by 

technology are not neutral, as technology is not neutral: it may amplify or 

enable certain aspects of our experience, while reducing or limiting the 

potential for other experiences (Fallman, 2011). Similarly, our designed 

technologies will encourage and foster certain movements and discourage 

others (Eriksson et al., 2020).  

This is of importance in movement teaching and learning. Technologies  

for movement learning can be viewed pedagogical devices that shape not only 

bodies and movements, but also entire practices and even identities (Lindqvist, 
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2003). Technologies enculture the body in particular and systematic ways, and 

enable specific sensorimotor developments (Tinning, 2011). For example, the 

barre in ballet, the bench press station in weightlifting, or heart-rate wearable 

monitors in running: all these foster particular movements and enable 

particular learnings about the practice and about our bodies (Tinning, 2011). 

Hence, it is important to design our technologies for movement learning 

carefully: while their use may risk underspecifying the richness of the learning 

experience (Fallman, 2011), they can also support and enrich it if well 

designed (Höök, 2018). 

2.3. Concluding Remarks 

In this chapter, I have presented the theoretical underpinnings of my work, 

which have shaped how I have approached and viewed movement learning 

and the body sociality in design. I have also reflected on the concept of 

aesthetics in interaction design and for movement learning practices.  

In Chapter 6, I employ the theoretical underpinnings of this chapter to 

develop and articulate the aesthetics of my work; in particular, the aesthetic 

ideals – or values – that the design approach I contribute, designing for 

intercorporeality, seeks and incorporates. 
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Chapter 3. Related Work 

In this chapter, I provide an overview of the area of technology-supported 

movement learning in HCI and IxD. I present different domains and design 

goals, as well as predominant design approaches and their main limitations. I 

also review alternative design approaches and design work from outside the 

movement learning area that have been relevant and inspired my work.  

3.1. Movement Learning in HCI and IxD 

With the appearance and development of bodily and movement sensing 

technologies, HCI and IxD have experienced a ‘somatic turn’ (Höök et al., 

2018; Sheets-Johnstone, 2011), characterized by a heightened focus on the 

bodily experience of users and a rise in body-based designs (Höök et al., 

2018). This turn has brought a movement-centric focus to HCI and IxD 

(Fogtmann et al., 2008; Hummels et al., 2007; Moen, 2005) in a variety of 

areas, including the development of design methods (e.g., Höök et al., 2018; 

Loke & Robertson, 2013; Márquez Segura et al. 2016a; Wilde et al., 2017), 

body games and play (Back et al., 2018; Márquez Segura et al., 2013; Mueller 

et al., 2017), or interactive arts (Candau et al., 2017; Fdili Alaoui, 2019; Wilde 

et al., 2011).  

In the last couple of decades, technology-supported movement learning has 

received widespread attention in both industry and research. This broad area 

encompasses design and research work that involves the use of interactive 

technologies to support people in developing, improving, and perfecting their 

sensorimotor competencies and their ability to move in specific ways. In this 

area, HCI and IxD works build on knowledge from other fields that theorize 

how learning occurs, such as neuroscience (Bevilacqua et al., 2016), 

phenomenology (Fogtmann, 2012), or cognitive psychology (Aladwan et al., 

2019), which provide a frame for design and research work.  

Technology-supported movement learning encompasses a variety of 

contexts and application domains. An ample body of work has focused on 

developing technology to support movement learning in existing practices, for 

instance sports: competitive physical practices that require physical exertion 

and skills under a set of rules, such as basketball (e.g., Page & Vande Moere, 

2007) and golf (e.g., Nylander et al., 2014). Related domains have been site 

of technological interventions, for instance fitness practices and exercise: 
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physical activities geared towards developing or honing particular 

sensorimotor capabilities, such as yoga (e.g., Moran et al., 2016), and 

weightlifting (e.g., Elvitigala et al., 2019). Also martial arts such as Tai Chi 

(e.g., Lin et al., 2018) and Tae Kwon Do (e.g., Chi et al., 2004). In these 

domains, design examples are manifold (see supporting Paper VI and 

Mencarini et al., 2019b, for an overview centred on wearable technology). 

The HCI and IxD focus on movement learning is also present in established 

practices in other domains. For instance, in physiotherapy (Singh et al., 2016), 

traditional dance (e.g., Trajkova et al., 2019), contemporary dance (e.g., 

Rivière et al., 2019), and physical education for children and youth (e.g. Mast 

et al., 2015).  

Technology development has also given rise to novel domains that often 

feature movement learning, such as exergaming (interactive video games that 

require exertive physical movements and offer a form of exercise, e.g., 

Martin-Niedecken et al., 2019), and home exercising solutions, often powered 

by computer vision and popularized by commercial products such as Wii Fit 

(Official Site – Wii Fit Plus, n.d.). 

3.1.1. Predominant Design Goals and Approaches 

Across these varied application domains, it is possible to discern the main 

design goals and design approaches in technology-supported movement 

learning. Technological advances in sensing and actuating capacity, and the 

appearance of ubiquitous computational systems (such as wearables, 

computer vision systems, and tangible artefacts) have opened up for 

unprecedented and innovative ways to support people in their movement 

learning endeavours.  

In the vast majority of works, the central goal for technology inclusion in 

the practice is to support individuals in developing and improving their 

sensorimotor capabilities and competences. To achieve such a goal, 

technology has often been designed to provide augmented feedback. Unlike 

intrinsic feedback, which often refers to the sensations and information that 

people can acquire through their proprioceptive senses, augmented feedback 

provides information from external sources (Kritopoulou et al., 2016). 

Feedback1 provides information about a person’s body and movement 

qualities, physiological processes, and performance (Sigrist et al., 2013). It 

serves to relate a student’s performance to the desired one, or to a particular 

instruction (Sigrist et al., 2013).  

Technology has been designed to provide feedback on the quality of the 

performance (e.g., sonifying changes in balance when skiing, Hasegawa et al., 

 
1 In this dissertation, I use the term feedback to refer to augmented feedback, and specify if it is 
intrinsic feedback otherwise. 
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2012), but also on the accomplishment of tasks and goals (e.g., achieving a set 

number of repetitions of an exercise, in some home-training applications).  

Some technologies have been designed to offer feedback during 

performance (as the examples above) or after performance, to allow ad-hoc 

reflection (e.g., YouMove’s augmented mirrors for ballet, which highlight 

errors of performance in relation to an ideal recorded performance; Anderson 

et al., 2013). 

Technology has been designed to provide feedback through different 

actuation modalities (e.g., haptic, visual, and aural) (Sigrist et al., 2013). 

Previous research has investigated the benefits of different modalities to 

movement learning (Bevilacqua et al., 2016; Sigrist et al., 2013), and most 

work has centred either on visual, haptic, or auditory modalities (Park & Lee, 

2016; Sigrist et al., 2013; supporting Papers VI and VII).  

Visual feedback is often appreciated for its capacity to convey rich and 

large amounts of information quickly and successfully (Park & Lee, 2016; 

Sigrist et al., 2013). However, visual feedback risks drawing too much 

attention as vision is our dominant sense; and an over emphasis on visual cues 

can lead to detrimental body postures (Park & Lee, 2016). Ultimately, visual 

feedback’s benefits for movement learning depend largely on the complexity 

of its actuation, and the complexity of the situations in which it is used (Sigrist 

et al., 2013). 

Although potentially less actionable than visual feedback, auditory 

feedback can convey intricate information through intensity, pitch, timbre, and 

directionality (Bevilacqua et al., 2016; Varni et al., 2013; Wyburn et al., 

1964). At the same time, it has the capacity to remaining unobtrusive and 

peripheral to our attention (Bevilacqua et al., 2016), lessening the risk of 

distracting people. Experimental studies have investigated auditory feedback 

as way to support sensorimotor learning (Bevilacqua et al., 2016), but its use 

in real application domains and practices remains narrower than that of visual 

feedback. 

Finally, haptic feedback leverages the tactile sense, which can discern 

nuanced aspects of temperature, texture, and weight (Hayes & Rajko, 2017). 

However, in movement learning domains, its design and use has been mostly 

limited to simple, buzz-like vibration patterns as a way to indicate 

performance errors or to issue reminders. Haptic feedback is the least 

investigated of the three feedback modalities and its full potential remains 

untapped. 

Closely related to providing feedback, several technologies have been 

designed to assess performance and identify errors. Such technologies often 

include a baseline of what constitutes a desired performance. They are 

designed to benchmark the student’s performance to that of their internal 

models. For example, Daiber et al. (2017)’s technology that automatically 

recognizes and indicates wrong foot strike patterns when running. 
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Another important approach to technology design to support movement 

learning has concerned instruction. Instruction encompasses a set of 

feedforward cues: actionable cues, and commands that emphasise certain 

movement aspects; and other explanations and bodily demonstrations that 

offer a guide on how to perform a movement and remind people of previously 

explained principles (Kritopoulou et al., 2016; Sigrist et al., 2013). 

Technology has often been designed to provide instructions in an automatized 

manner, such as video-based visual cues for upper-body rehabilitative 

exercises (Tang et al., 2015). 

Some technologies have also been designed with a more holistic approach, 

aiming to provide assessment, feedback, and feedforward cues. For example, 

a wearable device for swimmers has been developed that detects deviation 

from a straight swimming line, and using colour-coded visualizations provides 

cues that indicate how to correct the heading (Kiss et al., 2019). 

The overarching design goal of supporting or improving the development 

of particular sensorimotor capabilities is often found alongside other design 

goals that further motivate the particular designs, such as making the 

individual learning more engaging (e.g., Martin-Niedecken et al., 2019), 

autonomous (e.g., Umek et al., 2014), accessible (e.g., Aggravi et al., 2016), 

or affordable (e.g., Ding et al., 2015). 

Limitations of Predominant Approaches 

The conceptualization of technology as the facilitator of the learning 

experience underlies the above design approaches.  

The idea that this role is suitable for technology is based on conceptualizing 

movement in a positivistic way, as something specifiable, categorizable, and 

modellable under specified benchmarks (Márquez Segura et al. 2016b; 

Zaczynski & Whitehead, 2014). The dominating design approaches for 

technology in movement learning have favoured identifying, quantifying, 

describing, and formalizing movement in computational models, as it is also 

the case in other, related movement-centric areas within HCI (Höök, 2018; 

Márquez Segura et al., 2016b; O’hara et al., 2013). 

Ultimately, these predominant design approaches conceptualize 

technology as a replacement of human expertise. Technologies are often 

endowed with sensemaking and action building tasks that traditionally belong 

to people in movement teaching and learning, i.e.: articulating and 

communicating feedforward and feedback cues and explanations; guiding 

people through performance, and assessing performance. 

Although designing technology as replacement of human expertise allows 

designers to achieve other goals (such as autonomy, accessibility, and 

affordability), it is not always benign. Measuring and classifying brings 

assumptions about what it means to learn, what constitutes a correct 

performance (Tinning, 2011), and what type of body is optimal in our designs. 

These assumptions often get normalized in narrow technology models, 
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ignoring the plurality of norms of the movement learning practice, and the 

plurality of bodies and their different capabilities and needs (Spiel, 2021b; 

Zaczynski & Whitehead, 2014). Moreover, these assumptions ignore the 

fluctuating and situated learning goals, which are often negotiated on spot 

during the practice.  

Hence, designs under these approaches often fail to provide meaningful 

feedforward and feedback (Zaczynski & Whitehead, 2014) and to account for 

the ways humans adjust their movements to fit different contexts and practices 

(Höök, 2018). Thus, it is not surprising that even some HCI work that relies 

on such positivistic understandings acknowledges that learning under the 

guidance of the teacher is still the most effective way to learn particular forms 

of body enculturation (e.g., Ding et al., 2015; Velloso, Bulling, & Gellersen, 

2013). This aligns with the theoretical underpinnings of my work (Chapter 2). 

My work serves to explore an alternative conceptualization of the role of 

technology to support movement learning. I have designed technologies not 

as replacements of the body sociality, but as tools that leverage it and that are 

designed and used to enhance how people build teach and learn movement.  

This conceptualization not only brings particular effects to the learning 

experience, but also circumvents some of the common pitfalls of traditional 

technology design approaches above described – as I elaborate further in 

Chapter 6 and 7. 

3.1.2. Inspiring Alternative Strands of Work 

Within technology-supported movement learning, two alternative ways of 

designing technology have inspired my work: those focusing on the social 

dimension of movement learning, and those focusing on open-ended feedback 

augmentations. 

From those focusing on social movement learning contexts, I have found 

inspiring works that used technology to support teachers in their pedagogical 

endeavours. For example, in distributed settings, Aggarwal et al. (2016) 

investigated the use of video technologies as a mediator of the communication 

between a physiotherapist and patient. Also in distributed setting, Zatoń and 

Szczepan (2014) designed a wearable headset to enable a swimming coach to 

deliver verbal feedforward and feedback cues to swimmers while they are 

swimming; and Spelmezan (2012) did the same for skiing using tactile 

instructions. 

In collocated settings, Márquez Segura et al. (2016c) explored the use of a 

robotic agent as an engaging and playful way to help a physiotherapist interact 

with geriatric patients.  

All these works above foreground the use of technology in a mediator role 

– i.e., as an aid to support the body sociality in the practice. These approaches 

have inspired the conceptualization of the technology’s role in my own work, 
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as the technology they design supports people in their communication and 

interaction - rather than replacing the teacher with the technology.  

Another strand of work inspiring for my own design work has focused on 

designing and exploring open-ended feedback technologies. Open-ended 

technologies provide actuation forms without a fixed and rigid meaning 

(Boon, M.J.B. et al., 2018; Höök, 2006). They are open to diverse 

interpretations and courses of action, which can be appropriated and changed 

over time (ibid.). 

In movement learning domains, open-ended technologies primarily have 

been employed as a way to enhance people’s appreciation of their own body 

and movement. These technologies often focus on augmenting one or several 

movement qualities or physiological processes that are relevant for the 

particular practice - as a way to hone the person’s attention and appreciation 

of them. This is often done with the aim of enhancing people’s understanding 

of their own performance and to enable them to reflexively impact it. 

Examples in this strand of works include open-ended actuation forms with 

different feedback modalities, such as visualizations of weight distribution via 

colour-coded pressure maps for weightlifting (Elvitigala et al., 2019) and 

augmented interactive mirrors for martial arts (Hämäläinen, 2004); or open-

ended sonifications augmenting a golf club’s swing (Nylander et al., 2014), 

someone’s centre of gravity while skiing (Hasegawa et al., 2012), and 

augmenting pressure distribution while speed skating (Stienstra et al., 2011). 

In none of the above examples the technology’s actuation provides 

feedforward cues, or assessments of performance. Rather, the technology 

augments nuanced body and movement qualities so that the person can 

become more aware of them, interpret what they mean in terms of their 

performance, and act on them if they deem it relevant.  

These examples point to the potential of open-ended technologies to enable 

people to attribute their own meanings to the information they receive from 

the actuation. This strand of work has been inspiring for my own work: as I 

show in the next chapters, adopting an open-ended approach to the design of 

the technology’s feedback has allowed me to address, as a designer, 

fluctuating and fluid meaning and action constructions. 

Finally, a last relevant strand of work in the area merges both: they explore 

the use of open-ended technologies in social teaching and learning settings. 

One example of such work is the vibrotactile wearable for climbing by 

Mencarini et al. ( 2019a). This wearable is worn by climbers and actuated by 

a climbing instructor, who employs different vibration patterns to provide 

feedforward and feedback. Before the climb, instructors and climbers 

negotiate and jointly decide what each vibration pattern will mean in terms of 

feedforward and feedback. 

Another example is TacTowers (Ludvigsen et al., 2010), an interactive 

architecture installation for handball training. It features several poles with 

different areas that can be programmed to light up at different intervals. A 
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handball coach uses the different light patterns to come up with game-like 

challenges that make handball players work on different attack and defence 

strategies, and train very precise hand movements. 

Finally, some works have explored the use of open-ended biofeedback 

technologies to support communication between teachers and students. 

Examples include sonifications of back-bending degrees in physiotherapy 

(Singh et al., 2016), visualizations of pressure distribution on a snowboard 

(Park & Lee, 2016), and actuated architectural environments reacting to 

breathing in yoga (Moran et al., 2016). The teachers of these practices often 

use the technology to provide feedforward or feedback cues, referring to the 

actuation as a way to drive the student’s attention to particular aspects of a 

performance.  

This last strand of works is the most inspiring for my work, as they show 

the potential of bridging open-ended technologies and human expertise as a 

way to enhance the teaching and learning of movement. In Chapter 7, I further 

elaborate on the connection between this strand of works and my 

contributions. 

3.1.3. Reflections on Knowledge Contributions in the Area 

In the previous subsections, I have provided an overview of the area of 

technology-supported movement learning in HCI and IxD in terms of its 

application domains, its predominant design goals and approaches, and 

inspiring alternative strands of work.  

Despite differences among all those strands of work, the type of knowledge 

contributions that exist in the area are fairly similar. On the one hand, a large 

strand of work has been technology-driven, focused on developing and 

advancing technical capabilities. Works have centred on developing new ways 

to sense, capture, model, predict, and evaluate movement (e.g., Aljaaf et al., 

2016; Halilaj et al., 2018; Kritopoulou et al., 2016; Mattmann et al., 2007; 

Velloso, Bulling, & Gellersen, 2013; Velloso et al., 2013). To illustrate the 

technology’s capacity, these contributions are often tightly scoped to a single 

specific movement or exercise. These technologies often require of expensive 

and bulky equipment that is difficult to move to or deploy in real movement 

learning contexts (Elvitigala et al., 2019). Hence, to investigate the technology 

in use, these works often resort to controlled and quasi-experimental studies, 

geared towards substantiating the potency of their technologies (Bevilacqua 

et al., 2016).  

Although works in this strand have contributed with substantial 

technological advances, they rarely provide clear insights into how their 

technologies could be used in more complex, situated movement learning 

contexts, or what impact they could have to the learning experience of their 

users. 
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On the other hand, another large strand of works has centred on developing 

technology solutions for a particular application domain or practice. These 

works often identify a specific problem in a movement learning practice that 

can be addressed through technology. They develop a design, an ultimate 

particular (Stolterman, 2008) to solve the problem, and sometimes engage in 

user studies to evaluate their designs (e.g., Kiss et al., 2019; Ludvigsen et al., 

2010; Mast et al., 2015; Mencarini et al., 2019b; Singh et al., 2016).  

Although these works often result in interesting technologies that serve to 

address a particular problem and situation, they often lack knowledge 

conceptualizations that can be generative or evaluative of future design work 

in the area. In this strand of works, the contributions often speak of the static 

appearance of the designs (e.g., their technical characteristics), and it is often 

unclear how others can build on them or on the insights from the user studies 

- beyond the particular context for which they were designed. 

Finally, a much less substantive body of work has brought forward 

knowledge contributions to the area that go beyond particular designs. This 

last strand mostly includes literature reviews of specific technologies for 

movement learning (e.g., Bevilacqua et al., 2016; Caramiaux et al., 2020; 

Coorevits & Coenen, 2016; Mencarini et al., 2019b; Qiu et al., 2017), which 

serve to spotlight current trends and opportunities for future technology 

development. It also captures user experiences with specific technologies – 

i.e., personal informatics (Rapp & Tirabeni, 2018), instructional fitness apps 

(Aladwan et al., 2019), and fitness wearables (Canhoto & Arp, 2017), all of 

which provide insights into people’s experiences and expectations when 

engaging with their technologies and on factors supporting adoption and use. 

Some of my own work (not included in this dissertation) also belongs to 

this last strand of contributions, contributing to the area with mappings of 

design elements and considerations for wearables in the domains of sports and 

fitness practices (see supporting Paper VI). 

This charting of the type of contributions in the area serve to show that 

while technology-supported movement learning in HCI and IxD encompasses 

a variety of application domains and design examples, it is still very much 

driven by technology development and the creation of ultimate particulars. 

That is, we still lack articulations of knowledge contributions that can speak 

to other situations beyond the one from which design particulars stem, so that 

others can use them generatively or evaluatively in other contexts.  

In this dissertation, I contribute towards that end with knowledge forms that 

can generalize beyond particulars and that can inspire future design research 

work for social and situated movement learning contexts. 
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3.2. Inspiring Related Work 

In this subsection, I review HCI and IxD works outside of the area of 

technology-supported movement learning, which have been sensitizing, 

inspiring, or relevant for my own design work.  

In particular, I present relevant design knowledge from other movement-

centric domains and explain how they have influenced my own designs. 

3.2.1. Movement-Centric Interaction Design Qualities 

Within the broader movement-centric community in HCI and IxD, previous 

research has contributed design qualities that relate to my own work. These 

qualities are often articulated as sensitizing concepts and do not always 

provide clear directions on how to practically explore or implement them in 

design. However, they serve to situate some of my work’s central 

considerations. 

Tholander and Johansson (2010) have articulated a series of interactional 

qualities for the design of full body interactions. Three of these are particularly 

relevant for my own work. First, their work suggests exploring how to 

harmonize our technologies with the different perceptual modalities through 

which people construct meaning about their bodies, artefacts, and physical 

environment. This notion aligns with an important consideration that has 

emerged throughout my design work: to design technologies that could be 

used and useful in complex contexts that feature multimodal interaction forms. 

This consideration has shaped my approach to design technologies as one of 

the multimodal interactional resources through which people build meaning 

and action (see Chapter 6). 

A second relevant interactional quality is that of employing open-ended 

technology responses, upon which I have elaborated in previous sections. 

Tholander and Johansson (2010) foreground open-endedness as an invitation 

to the users to come up with their own subjective meanings, which in my work 

has been important for tailoring designs to the individual’s specific 

characteristics and to specific situations of movement learning. 

Finally, a third interactional quality refers to designing technology with 

which people with different bodily capabilities can engage. Tholander and 

Johansson (2010) illustrate this quality with the board of a skate for 

skateboarding. A skate’s material properties are fairly similar and stable 

regardless of the abilities of the person skateboarding. In fact, the same 

artefact enables people to progress and evolve their sensorimotor capabilities 

and competencies.  

This view of technology as a scaffolding tool to support skill development 

has also been present in my work. I have not sought to elucidate the effects of 

engaging with the technology over long learning timeframes. However, as I 

elaborate on Chapter 7 and the particular papers (Papers II–IV), throughout 
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my work I have shown that people with different skill levels can employ the 

same designed technological artefact to develop their sensorimotor 

competencies.  

Other design qualities that relate to my own work have been articulated by 

Fogtmann et al. (2008), who elicit a set of qualities for movement-centric 

interaction. They propose sociality: a sensitizing quality that addresses how 

movement-centric designs are often deployed in social contexts that feature 

collaboration between people. They also propose kinaesthetic empathy as a 

quality that refers to how one person’s movements affect another person’s 

movements, opening up for systems to foster an reciprocal understanding 

among people. Although the authors do not explicitly link these to 

intercorporeality, sociality and kinaesthetic empathy spotlight the centrality of 

collaborating and moving bodies in interaction as something worthy of 

attention in design, something that I also foreground in the work of this 

dissertation.  

Finally, the authors also discuss movability as a concept that captures the 

constraints that a system puts on the moving body, resulting in, for example, 

a person’s incapacity to move freely. This quality serves to capture a central 

concern throughout my design work: to avoid adding constraints to the 

moving body while using technologies in movement learning practices (see 

Papers II-IV).  

In Chapter 7, I elaborate further on how my contributions build and extend 

these prior works. 

3.2.2. Biofeedback as Design Material 

My work has centred on biofeedback as design material. Biofeedback 

technologies open up for the possibility to represent the ‘inner space’ within 

ourselves (Moran et al., 2016), amplifying the senses to rediscover concealed 

aspects of our body (Núñez-Pacheco & Loke, 2014). Biofeedback 

technologies offer representations of the body so that the measured 

physiological processes and movement qualities are brought to attention and 

can be influenced (Höök, 2018).  

Several design researchers in movement-centric domains have explored 

biofeedback as design material to enhance and guide body awareness, and 

have produced design knowledge that has inspired my own work. 

In the context of interactive arts, the concept of biofeedback loops (Khut, 

2006, 2007; Khut, 2016) is relevant. Biofeedback loops concern the 

technological augmentation of movement qualities and physiological 

processes to enhance people’s awareness or them, enabling a conscious acting 

upon them in a process of learning by doing and sensing (Höök, 2018). 

Biofeedback loops foreground the importance of synchronicity and 

immediacy between the biofeedback representation and the movement quality 

or physiological process it augments. This aspect of biofeedback loops ensures 
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that the person can make sense of their qualities and processes, and affect them 

in real time through constant engagement. 

The concept of biofeedback loops has been important in my work, as the 

technology I have designed implements biofeedback loops. However, the 

concept in prior work has primarily been used as a tool for artistic expression. 

The resulting rich and complex representations, although appreciated for their 

aesthetic component, risk being too complex to be actionable or to enable self-

identification (Núñez-Pacheco & Loke, 2014), which is something that I have 

tried to avoid in my work. 

Soma design works have also articulated relevant concepts related to 

biofeedback. Anchored in somaesthetics (Shusterman, 2008), soma design 

works aim to design technologies that can deepen the appreciation of our 

sensory experiences (Höök, 2018). Based partially on biofeedback systems, 

soma designers have articulated somaesthetic appreciation design (Höök et 

al., 2016), a collection of technology use characteristics that foster particular 

somaesthetic experiences. Some of these characteristics are also important in 

my work; in particular, the design quality of intimate correspondence, which 

requires that the biofeedback mirrors felt-body experiences so closely that the 

technology’s feedback feels like an extension of the body. Also, the quality of 

articulating experience, which involves deepening and honing our capacities 

to articulate sensory experiences. 

These two qualities resonate with and have been inspiring for my own 

work. As I elaborate in the individual papers (Papers II–V) and Chapter 6, my 

designs often foster a similar experience of the technology as an extension of 

the body, which has enabled people to act through them in complex situations 

of use. My design work has also been geared towards providing people a way 

to articulate movement experiences with the technology, although not 

primarily as an ad-hoc reflective tool (as a somaesthetic appreciation designs 

often do) but more as an interactional resource between teachers and students. 

Finally, also within soma design, Núñez-Pacheco and Loke (2014) have 

suggested the concept of present-at-body as a way to describe how wearable 

technologies can guide our attention in fluctuating manners, moving between 

the body and the technology. This design concept speaks of another way in 

which technology can mediate bodily awareness. It also resonates with how 

my designs have guided the participant’s attention, as well as with how 

teachers employ the technology to guide students’ attention to particular areas 

of their body, movement qualities, or the technology feedback in a fluctuating 

manner. I elaborate upon these in Paper V and Chapter 6. 

3.2.3. Intercorporeality in Design Work 

Previous movement-centric design work in HCI and IxD has addressed a 

range of embodied, interpersonal meaning-making processes that can be 
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related to intercorporeality. Some of these works have yielded insights that 

relate to my own work. 

Several works have focused on fostering bodily empathy, which can be 

seen as an aspect of intercorporeality (Meyer et al., 2017). In the domain of 

interactive artwork, Eloquent Robes (Núñez-Pacheco & Loke, 2014) is an 

example of a biofeedback installation that strives to foster empathy in an 

embodied way. The installation consists of a garment upon which heartbeat 

data are projected in abstract, colourful representations. Although the 

installation aimed at eliciting a self-reflective engagement with personal data, 

it also showed that it fostered empathy between participants. People felt a 

mirroring of the self in the other when they saw them using the robe they had 

previously used. Through the visualizations of the other, they remembered 

their own experience and felt they could attune and compare their experience 

to that of others. 

Similarly, Cuykendall et al. (2015) explored an artistic installation that 

provides psychedelic visual representations of colour and motion, enticing and 

sensitizing participants to the movement experience of spinning continuously. 

This installation fostered what they refer to as kinaesthetic empathy, the 

phenomenon of experiencing a first-person sensation of an observed 

movement.  

Both of these works are relevant as they point to the capacity of technology 

to hone people’s empathy to the movement experiences of others. This is 

something that I also encountered and explored in my own work, in the 

particular context of movement teaching and learning. 

Empathy has also been investigated in relation to technology in interactive 

performing arts. In a human-drone interactive dance piece, dancers increased 

their awareness of the bodies of the other dancers through the drones (Eriksson 

et al., 2020). They also increased their awareness of the drones as an entity in 

themselves, spurring ‘a bodily resonance of sorts’ (Eriksson et al., 2020). 

Eriksson et al.’s work is interesting because it points to the possibility of 

experiencing intercorporeal engagements with and through technology as 

such. 

Other works in the domain of interactive performing arts have also 

explored how to support intercorporeal processes with technology. In a dance 

context, Höök et al. (2021) explored issues of intercorporeality using a 

prosthesis, showing how bodies could connect and dance jointly in strong 

forms of intercorporeality. Through the technology, the performers could 

experience intercorporeal engagements in which following and leading were 

deeply interconnected, and where the boundaries between bodies and the 

technology became blurred. The joint performance with the prosthesis also 

enabled acts of defamiliarization, bringing to the attention bodily movement 

and dance aspects previously out of focus.  

This example is relevant because it shows forms of collaboration between 

bodies through technology, and because it points to how intercorporeal 
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engagements through technology can bring to the forefront aspects of our 

performance that were previously concealed. This is something that I also 

encountered in my design work, and which I elaborate on in Chapter 6. 

Finally, in the area of social bodily play experiences, Mueller et al. (2019) 

present four strategies to hone and leverage second-person perspectives in 

design. Although the authors do not theoretically relate these strategies to the 

notion of intercorporeality per se, they are grounded in the phenomenological 

theoretical framing I use (Chapter 2), and can be seen as addressing different 

aspects of intercorporeality. 

Their first strategy points towards designing bodily experiences that 

support exploring the malleability and boundaries between bodies to 

intertwine them. This malleability as explained by the authors can be seen as 

a form of co-bodily presence, favouring strong forms of intercorporeality 

where two or more people can act jointly as a unit.  

The second strategy proposes considering the role of bodily mimicry, 

which can be traced to the fundamental intercorporeality condition of 

reciprocal perceptibility, and to design technology to enhance attentiveness to 

others’ movements and imitation.  

The third strategy proposes using technology to support empathy, helping 

people experience what others are experiencing, which can be seen as an 

aspect of intercorporeality.  

The fourth and last design strategy they propose is to design for all three 

perspectives on the body (first-, second-, and third-person) through which we 

perceive ourselves and others in social bodily settings, and how we, as 

designers, should consider them.  

Mueller et al.’s work is inspiring for my own work as it spotlights the 

importance of these intercorporeal aspects for another movement-centric and 

social area within HCI and IxD. 

3.3. Concluding Remarks 

In this chapter, I have provided an overview of the area of movement learning 

in HCI and IxD, pointing at its variety of application domains and tracing its 

predominant design goals.  

I have reflected on how predominant design approaches to technology are 

underpinned by positivistic understandings on movement and learning, 

conceptualizing technology as replacement of human expertise. I have also 

reflected on how these predominant design approaches and positivistic 

understandings  risk underspecifying the rich, fluctuating, and situated nature 

of movement learning. They risk ignoring individual situations, needs, and 

capabilities.  

As I elaborate on in Chapter 6 and 7, my work explores and provides an 

alternative conceptualization to the role that our technologies can have for 
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movement learning, designing and using them as a tool to enhance the body 

sociality in movement learning rather than replacing it. 

I have also reviewed strands of work within technology-supported 

movement learning that have inspired my own work, and I have reflected on 

the main technological contributions in the area. Despite the variety of 

application domains and technology examples that address movement 

learning, the area is driven by technology development and the creation of 

ultimate particulars. We currently lack more abstract design knowledge forms 

that can help inform future generative or evaluative design work in the area. 

As I elaborate on in Chapter 6 and 7, my contributions encompass design 

knowledge for the area that aims at speaking to other situations beyond the 

one from which design particulars stem.  

Finally, I have presented relevant design knowledge in other movement-

centric areas that relate to and have inspired my design work. In Chapter 7, I 

elaborate further on how my contributions relate to and extend these prior 

works. 

  



 56 
  



 57 
  



 58 

Chapter 4. Methodological Considerations 

In this chapter, I reflect on core methodological considerations of my work. I 

provide a methodological context for my design research approach and present 

an overview of my design research process. I also present methodological 

strands that have influenced and shaped my work. Finally, I reflect on the 

knowledge contributions of this dissertation, focusing on how I have 

articulated them methodologically. 

4.1. Design Research Context 

This dissertation belongs to a body of constructive design research in the 

intersection of HCI and IxD (Dixon, 2020; Fallman, 2003; Koskinen et al., 

2011; Löwgren et al., 2013). Constructive design research involves the 

making of things (e.g., artefacts, systems, and media) and the transformation 

of situations through these things (Dixon, 2020) to develop new knowledge. 

Constructive design research aims at producing new knowledge that expands 

our understanding of “what” can be designed and “how” is it that design can 

be done (Binder & Redström, 2006). 

As I borrow Dixon’s (2020) articulation on design research, my design 

work can be viewed as the object of research (i.e., the design of interactive 

artefacts to enhance how people teach and learn movement), its justification 

(acts of designing allow for an exploration of possibilities in that situation), 

the goal of inquiry (to explore and demonstrate the potential of interactive 

artefacts to enhance how people teach and learn movement), the mode of 

communicating preferred states or possible futures (in the form of the design 

outcomes), and the method of research itself. 

The specific approach to conducting design research that I have followed 

is Research through Design (RtD) (Gaver, 2012). RtD employs methods and 

processes from design practice as a method of inquiry (Zimmerman et al., 

2010). RtD is based on design practice, and foregrounds practical design work 

that often yields constructed artefacts as one of the design outcomes (Fallman, 

2008). These artefacts are also central for the production of knowledge, as 

they constitute a unique way of probing into situations, enabling particular 

observations and insights (Koskinen et al., 2011). 

Rather than starting with a predefined and well-identified problem that 

needs a design solution, RtD is often driven by curiosity in a design space – 
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i.e., it is an exploratory process. Problems and solutions are often identified 

and addressed jointly with the aim to produce new knowledge through the 

made artefacts. As I have followed an RtD approach, my work was not 

concerned with the discovery of general truths or objectiveness. Rather, as 

creative practice, I have focused on creatively exploring unmaterialized 

possibilities and imagining possible futures (Koskinen et al., 2011) of what 

technology-supported movement learning could be, and I have done so 

through the construction and use of interactive technologies in particular 

contexts. Rather than providing a singular answer to the research question, I 

have aimed to generate examples and knowledge that show a valid way to 

address it and that can inspire future work (Zimmerman et al., 2010). 

4.1.1. My Design Research Process 

The design research process presented in this dissertation encompasses 

multiple design inquiries and empirical explorations. It includes analytical 

studies of intercorporeality in movement learning domains (Paper I) and three 

design projects (Papers II–IV). These empirical studies are presented in 

Chapter 5. According to Binder and Redström (2006), a series of empirical 

studies belonging to the same design research efforts explore and probe the 

design space of that work. Throughout the four studies included in this 

dissertation, I have investigated and explored how to enhance the 

intercorporeal engagements in teaching and learning through interactive 

technology, focusing on the domain of fitness as a way to frame my scope. 

In the first studies of my work (Paper I), I studied the body sociality in 

movement teaching and learning. The studies elucidated and empirically 

grounded how people build meaning and action in teaching and learning- 

through intercorporeal engagements. In basis to insights from those studies, I 

identified design opportunities, which were exploited in the following design 

projects. In the three design projects (Papers II–IV), I explored the research 

question of my work in three movement learning contexts: Enlightened Yoga, 

a beginner and intermediate adult yoga class; Super Trouper, a circus training 

course for children with mild sensorimotor challenges; and BL Strength, 

strength training workouts for people of different skill levels. All three 

projects featured multiple phases roughly following the same pattern: an 

initial, technology development phase based on design ideas from ideation 

workshops (supporting Papers VII, VIII and XI); a design phase, to explore 

and orchestrate the use of the technology in the different exercises of the 

practice; and a user study phase to identify and evaluate the design’s effects 

on the participant’s experience. 

As an interaction designer, I have constructed interactive technological 

artefacts as the novel material contribution to the practices in those projects. 

The Training Technology Probes (TTPs) (see Chapter 5) constitute the design 

research artefacts of my work, artefacts that are constructed for a research 
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context rather than for commercial products (Pierce, 2014). These artefacts 

have been designed and deployed as technology probes (Boehner et al., 2007), 

as simple yet functional artefacts that have enabled me, as designer, to explore 

how people engage with and respond to the probes’ interactional qualities. 

In addition to these empirical studies, other interrelated activities have 

influenced and shaped the design research process of this dissertation. These 

include design ideation activities and workshops (supporting Papers VII and 

VIII) that served to identify design opportunities. In addition to these, other 

activities featured technology prototyping and exploration, to build, test, and 

iterate technological artefacts and probe their use in movement learning 

practices (supporting Papers IX-XI). Finally, my design research process has 

involved conceptualizations of design knowledge: Paper V, supporting Paper 

VI, and this dissertation itself. 

4.2. Methodological Influences 

My design research approach has been methodologically influenced by two 

bodies of design work that can be articulated as design research programs: 

practice-based design (Kuutti & Bannon, 2014; Wulf et al., 2011) and soma 

design (Höök, 2018). Design research programs (Koskinen et al., 2011; 

Redström, 2017) are a form of design knowledge that articulate alternative 

ways of seeing design and designing technology. They constitute bodies of 

design research work encompassing design theory, aesthetics, and particular 

design practices. They are anchored in particular worldviews that speak of 

what is being designed, how it is being designed, and for whom it is being 

designed. Design research programs address fundamental aspects of the nature 

of design itself, providing an answer to the question: ‘[If] designing could be 

this, what would be its implications?’ (Redström, 2017, p.97). 

Practice-based design builds on the turn to practice as a paradigm in HCI 

(Kuutti & Bannon, 2014; Wulf et al., 2011). It considers in design not only the 

relationship between people and the designed artefacts but also their 

relationship to practices that present a rich and complex assemblage of norms, 

materials, social roles, and contexts (Sanches et al., 2019). Here, practice 

refers less to design practice per se and more to existing human practices, 

which are the target of our designs. In my work, the practice orientation is 

evident in my focus on established practices of movement learning, in 

particular in the domain of fitness. In line with practice-based design, I have 

foregrounded important knowledge from the domain during design and 

analysis. This is reflected in the theoretical underpinnings of my work 

(Chapter 2) as well as throughout the papers (Paper I–V); and the choice of 

working with experts of the movement practice during design. 

Soma design (Höök, 2018), building on pragmatics and somaesthetics 

(Shusterman, 2008), foregrounds the centrality of our corporeal experience in 
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action, perception, and sensemaking. Soma design seeks to improve our 

sensory appreciation. It foregrounds examining and improving our connection 

between emotions, feeling, bodily sensations, felt experiences, and values so 

as to design experiences that can deepen our sensory appreciation (Höök, 

2018). In my work, soma design has sensitized me to theoretical perspectives 

on the body and aesthetics (Chapter 2). Höök (2018) identifies criteria for 

soma design, most of which can be found in other interaction design programs 

(ibid.), including practice-based design. Below, I use these criteria to reflect 

on central methodological considerations from these bodies of work, focusing 

on how they have shaped my design research process and the way that I have 

engaged as designer. 

4.2.1. Design as the Orchestration of a Variety of Materials 

The two design programs, together with prior work within our research group 

(i.e. Márquez Segura et al., 2013; Waern & Back, 2017), have brought me to 

an understanding that designing implies not only designing technological 

products but also designing human experiences with such technologies. The 

two design programs prompt a particular understanding of the dynamic gestalt 

of our designs – i.e., their interactive use behaviour rather than their static 

appearance. In such an understanding, the technology is only one of the 

aspects our design and analytical work addresses. 

Designing cannot be disentangled from other important aspects that 

constitute the experience, and any technology design should consider the 

socio-physical and cultural contexts of the people using the technology, which 

requires successfully interweaving the technology with such contexts (Kuutti 

& Bannon, 2014). Influenced by this perspective, I have approached design as 

the orchestration of a variety of design materials, as the ‘coming together of 

people with designed interactive artefacts, behaviours and the experiences 

generated’ (Höök, 2018, pg. 124) through such orchestration.  

The practice’s bodily, material, and cultural features (e.g., bodies, values, 

norms, teaching, and learning processes) have not been considered merely as 

“context” or “environment” but rather as resources in themselves that can be 

leveraged in design. These resources include bodies, movements, normative 

stances, exercises, social interactions, spatial resources and orientations, 

verbal instructions, and existing tools (e.g., training equipment). In my work, 

this could be considered as designing an activity (Márquez Segura et al., 2013; 

Waern & Back, 2017): scripting potential uses of the TTPs in a way that 

proposes particular courses of action within, for example, a training session 

encompassing a balanced sequence of exercises. 
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4.2.2. Interactivity and Continuous Design 

Throughout my design research process, I have approached designing as a 

process that does not end with the designers themselves (Höök, 2018; 

Redström, 2017). In my work, the act of designing has encompassed both 

designing something and designing its use in collaboration with users. 

Redström (2017) speaks of ‘thing-design’ and ‘use-design’. Thing-design 

concerns our technological artefacts, especially their static qualities. Use-

design concerns what we do with the artefacts we design and who gets to 

define their use. In the design projects, the orchestration of design elements 

done by me and other co-designers often changed throughout their use by the 

people who I designed for: the teachers and students of a particular movement 

practice. That is, a particular design outcome has always been in flux, being 

continuously changed through its use as users fill it with meaning and 

interactions (Höök, 2018). 

To unpack issues of designing the use of an artefact, I find useful to 

consider both what Redström (2017) defines as designing use through design 

and designing use through use. The former encapsulates the designers’ idea 

of how a particular artefact will be used – i.e., its intended or expected use. 

The latter refers to the actual use, which might align more or less with the 

intended use and features acts of appropriation and signification (ibid.). 

Redström believes these are not mutually exclusive but rather exist on a 

spectrum: one end anchored by methodologies or design projects that might 

attempt to make the intended and the actual use as similar as possible; and the 

other end anchored by methodologies or projects that might favour 

indeterminate designs, leaving ample room for interpretation and 

appropriation by the people interacting with them. As I elaborate in Chapter 

7, both forms of designing use have been present and important in my work. 

In combination, they have enabled me to address the tension between a 

practice’s norms and the situated contexts of movement teaching and learning. 

Considerations about use design relate to the fact that when we design for 

established practices (such as the movement learning practices in my work), 

our design efforts intend to transform aspects of them (Kuutti & Bannon, 

2014). The designs are deployed in existing social and cultural contexts and 

people using them will likely perform acts of appropriation, i.e. they will tailor 

the use of technology to suit their practice and purposes. Therefore, it is 

important ‘to understand the dynamics of this transformation and emergence: 

why and how it happens, and what are the ways to facilitate and support it’ 

(Kuutti & Bannon, 2014; pg.8). Elucidating these dynamics of transformation 

can serve to inform future design.  

In Chapter 6, I elaborate on the dynamics of transformation in my designs 

and the effects they bring to the teaching and learning experience of people, 

which serve to characterize the design approach. I also employ those to 

evaluate potency of the design approach to address the research question. 



 63 

4.2.3. Bodily Experiences 

One more criterion proposed by Höök (2018) concerns soma design works in 

particular. A soma design project aims to orchestrate whole aesthetic 

experiences that improve, transform, or alter our bodily experiences through 

design (ibid). In my work, I have sought to foster particular aesthetic 

experiences that enhance people’s intercorporeal engagements in teaching and 

learning. I have done so using designs that extend people’s appreciation of 

their own and the others’ movements, and that enhance their ability to 

articulate, communicate, understand and assess movement and act on 

instructions and feedback. 

Because any designed technology will encourage certain movements and 

sensorimotor appreciations and downplay others (Eriksson et al., 2020), 

bodily engagement enables us designers to explore, elucidate, and orchestrate 

our sought aesthetic experiences (Höök et al., 2018). To do so, I have 

primarily drawn from embodied design methods (Márquez Segura et al., 

2016a) and soma design techniques (Höök, 2018). These techniques include 

ways to direct the designers’ focus on specific aspects of the experience, e.g., 

on specific body areas or movement qualities. They have also included a slow 

exploration of design materials during design workshops (supporting Papers 

VII and VIII, which provided the base for many TTPs’ design concepts). 

Regarding bodily experiences, a central methodological aspect has been 

influenced by practice-based design: I have found it necessary to design with 

an in-depth understanding of the bodies in motion as well as the norms, values, 

and aesthetics of particular movement learning practices. These concerns are 

important for designing technology that is relevant to the practice and the 

people involved. Also, to interweave the designed technology into the 

practice’s established movement patterns and exercises, and to craft the sought 

aesthetic experiences. To design with this understanding, I have considered 

the bodily engagement of designers in two ways: involving movement 

teachers as co-designers and cultivating a first-person experience. 

Involving Movement Teachers as Co-Designers 

I have considered and foregrounded the perspective of movement experts 

during design and user studies. The movement experts brought to the design 

process what Schiphorst refers to as somatic connoisseurship: ‘an expertise 

that is developed, expressed, and passed on through the constantly refining 

process of practice […], that can access and train experiential acuity including 

observation, discernment, synthesis, empathy, and focus […] tested and 

validated through the efficacy of practice’ (Schiphorst, 2011; pg.2).  

As I focus on movement teaching and learning, I considered it important to 

involve people who were not only expert practitioners but who also had the 

pedagogic experience and sensibilities to facilitate movement learning 

experiences for other people. Considering these movement experts as teachers 



 64 

and co-designers was vital throughout the design projects to explore, extract, 

and incorporate particularly meaningful sensibilities and aesthetic values. 

Also, to bring to the fore during the design process particular movement 

pedagogy knowledge; and to identify and explore technological possibilities 

so as to design technology not only for individual exercises but for the whole 

experience. Finally, it was also important to facilitate the designed movement 

learning experience to students during the user studies (Papers II–IV). 

In my work, the movement teachers were also users (participants in the user 

studies) themselves. Hence, their involvement throughout design was 

instrumental to the development of the technology as this ensured the 

technology design and use were respectful and relevant to their own teaching 

practice. During design, the teachers’ capacity to empathize with the students 

and anticipate their needs helped us identify and explore the potential of the 

TTPs in different exercises of their practice, as well as to identify possible 

limitations of the designs. The teachers’ empathy and pedagogical expertise 

were important during user studies to address particular situations. In user 

studies, teachers often adjusted their teaching practice on the spot to better suit 

individual and contextual needs. The teachers’ knowledge contributions were 

in some cases so central and important to the design process and outcome that 

their involvement was credited and acknowledged through authorship in the 

resulting publications (Paper II and IV). 

The methodological focus on movement teachers may contrast with the 

more limited involvement of students during the design phases in the projects. 

Often, the interaction designers involved in design phases (including me) were 

ourselves practitioners, and we assumed the role of students in the 

intercorporeal engagements with the teachers during design explorations. It 

was during the user studies of the design projects that actual students engaged 

with the designs. This methodological decision was anchored on the 

asymmetries of movement and practice knowledge between experts and 

students (Jakubowska, 2017) and on the teachers being facilitators of the 

movement activities. I do not argue that this is the best (or only) approach to 

design; and involving students earlier might have resulted in other effects. 

However, the arguable success of the design efforts in achieving the design 

goals and yielding positive effects to the teaching and learning experience 

(Papers II–IV; and Chapter 6) offers support for this methodological choice. 

Cultivating a First-person Experience 

It has also been important for me to draw from my own personal experience 

in learning different movement practices. Soma design foregrounds the 

importance for designers to engage with and improve our bodily and sensory 

appreciation, as a way to examine and understand the design materials’ 

aesthetic potential and orchestrate whole body experiences (Höök, 2018). 

Through engaging and developing our sensorimotor appreciation and 
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capabilities, we designers hone our subjective experience, values, and 

engagement, which can result in richer designs (ibid.). 

My own experience has largely shaped my design research process. 

Throughout my life, I have engaged with and learned from a variety of sports 

and fitness movement practices. In particular, I have been a practitioner of 

yoga and weightlifting for about ten years, and this shaped the choice of 

practices for my design efforts. My own engagement with yoga and 

weightlifting enabled me to develop particular knowledge and sensorimotor 

competencies that are relevant in those practices. This allowed me to develop 

a rich and nuanced experiential understanding of the practice. As a student 

myself, I have found myself immersed many times in movement teaching and 

learning settings and in intercorporeal engagements with teachers and other 

students. These have sensitized me to the caveats and intricacies of movement 

learning from a first-person perspective. 

My knowledge of both the practice and the technological materials 

underpinned my design capabilities. It fostered a reflexive and critical attitude 

to the potential technology inclusion in the practice towards achieving the 

design goals. It gave me the ability to discern how particular technology uses 

amplified or reduced sensorimotor capabilities. It also enabled me to make 

judgements about the sought aesthetic ideals of my work. 

Equally important, my experience fostered in me empathy and sensitivity, 

which were necessary to communicate with the expert movement teachers, 

engage them in the design work, and jointly explore aesthetic values. Empathy 

and sensitivity were also important during user studies with students, to 

facilitate the study experience and conduct relevant interviews. Finally, during 

analysis’ phases, my own experience was helpful when engaging with the 

data, making sense of particular performances and engagements and helping 

me evaluate my designs. 

4.3. Design Knowledge Contributions: Methodological 
Reflections 

Constructive design research in HCI and IxD has grown considerably over the 

last several years and has been established as a legitimate way of producing 

knowledge. However, there is still academic discussion on the types of 

knowledge contributions that such methodology can produce (Forlizzi et al., 

2018; Gaver, 2012; Höök & Löwgren, 2012; Koskinen et al., 2011; Redström, 

2017; Zimmerman et al., 2010). A consensus seems to be reached among 

constructive design research scholars that its knowledge contributions can be 

articulated and communicated at different levels of abstraction. Redström 

(2017) positions these on a spectrum, ranging between the particular (a given 

design) and the general (theories and design paradigms) (Figure 1). 
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In this dissertation, new knowledge contributions focus on how we can 

enhance how people teach and learn movement, and what can be designed to 

do so. To that end, I have focused on the notion of intercorporeality and 

articulated the overarching contribution of my work as an interaction design 

approach to technology-supported movement learning, which I call designing 

for intercorporeality. The design approach, as an overarching contribution, 

encompasses knowledge forms that enable me to characterize it. These include 

the articulation of a set of aesthetic ideals, or values, that the design approach 

seeks and incorporates. They also include a conceptualization of design 

patterns shared among the design examples, which speak of how we can 

incorporate the aesthetic ideals; and the transformations of the intercorporeal 

engagements that such an approach brings. Finally, the particular design 

outcomes can be viewed as prototypical examples of the type of outcomes that 

the design approach may bring.  

The design approach constitutes a form of design knowledge that addresses 

how to design for social and situated movement learning domains; explicitly 

focusing on intercorporeality and foregrounding designing biofeedback 

artefacts to enhance its engagements. As an overarching design knowledge 

form, it falls somewhere between a set of specific design projects and a full-

fledged design program in Redström’s spectrum (Figure 1). The design 

approach operates between the particular designs of my work, in which it is 

anchored and from which it evolves, and a design program, which is a more 

mature and generic knowledge form that contributes with design theory and 

addresses fundamental aspects on the nature of design itself (Redström, 2017). 

Articulating my contribution as a design approach enables me to reflect on 

shared characteristics of my designs. Further, it enables me to do so in a way 

that can be generative of design, so others interested in intercorporeality and 

movement learning can use and build upon it. 

 

Figure 1: Redström (2017)’s spectrum, with my contribution placed on it. 

4.3.1. Articulating Design Knowledge 

In Chapters 5 and 6, I present the contributions of my work. Here, I provide a 

higher-level methodological reflection on how I have articulated them. 
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Aesthetic Ideals 

The aesthetic ideals of my work (Chapter 6) are grounded in practical design 

work and are discernible in the design examples. I have articulated the 

aesthetic ideals of the design approach in basis to the theoretical 

underpinnings of my work (Chapter 2) and design insights from the analytical 

studies (Paper I). Their articulation has also been influenced by the 

collaborative design practice with experienced movement teachers in the 

design projects (Papers II-IV), who surfaced aesthetic qualities and relevant 

domain knowledge. From a methodological perspective, articulating the 

aesthetic ideals this way resonates with what Redström (2017) describes as 

the sequencing tactic, which brings together theory and practice: theoretical 

knowledge, often from fields other than design, influence design in 

fundamental ways. The articulation of the aesthetic ideals communicates what 

I consider important to do to enhance intercorporeal engagements - i.e. the 

ways in which people teach and learn movement. 

Design Particulars 

The designed TTPs (Chapter 5 and Papers II-IV) as well as the movement 

experiences I designed with them constitute the design particulars (Stolterman 

& Wiberg, 2010) of my work. As design particulars, they encapsulate design 

knowledge (Bardzell et al., 2015): they serve as prototypical examples of what 

can be designed to incorporate the sought aesthetic ideals of the design 

approach, and exemplify the type of outcomes the design approach brings. 

Both their outcome and their methodological processes illustrate how I, as 

a designer, have enhanced the intercorporeal engagements between teachers 

and students in movement learning domains: through the design of 

biofeedback technology and orchestrating its use alongside other resources. 

The design particulars communicate a desirable future (Koskinen et al., 2011) 

about what technology-supported movement learning could be. This can 

inspire designers who might want to exploit concrete design or 

methodological characteristics. Furthermore, working with multiple design 

particulars serves to show the generativity of the design approach, that I 

elaborate on in Chapter 7. 

Strong Concept 

An important part of my work has concerned characterizing the design 

approach in a way that can be generative of designs that can incorporate the 

sought aesthetic ideals. To that end, I have captured design patterns among the 

particular outcomes, and articulated them as the strong concept intercorporeal 

biofeedback (Paper V) (Höök & Löwgren, 2012). This conceptualization 

foregrounds a particular way to design and use biofeedback technologies, by 

capturing the interactive behaviours that unfold between the designed 

technology artefacts and the participants using the technology. 
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Strong concepts are knowledge forms that are more generic than particulars 

as they are applicable in multiple design situations and contexts, and can 

generate many applications beyond the one from which they stem (Höök, 

2018). Strong concepts articulate design patterns that capture the dynamic 

gestalt of an interaction design. Höök and Löwgren (2012) characterize strong 

concepts as follows: 1) characterizations of the interactive behaviour as it 

unfolds over time; 2) qualities of the dynamic gestalt that reside between 

technology and people speaking of use practices and behaviours; 3) core 

design ideas that cut across individual use situations, technical 

implementations and application domains; and 4) conceptualizations that are 

more abstract than design particulars.  

I identified the strong concept inductively through analysing the dynamic 

gestalt of the design particulars. To validate the strong concept, I vertically 

grounded it to theories that help articulate how and why it works, and 

horizontally grounded it by relating it to other empirical examples and 

intermediate-level knowledge forms. These ways of anchoring the strong 

concept follow the approach suggested in Höök and Löwgren (2012). 

Dynamics of Transformation 

The final form of knowledge contribution characterizing the design approach 

addresses the results and insights from the user studies. It concerns the typical 

dynamics of transformation that the design approach brings to the 

intercorporeal engagements, and the impact that these transformations have 

on the teaching and learning experience of the people involved. These are 

detailed and analysed in depth in the individual papers (Papers II–V), and I 

further reflect on them in Chapter 6. 

These dynamics of transformation have enabled me, as a design researcher, 

to evaluate the outcomes of the design approach. Using these evaluations, I 

have elucidated the ways the designs have enhanced how people teach and 

learn movement in social and situated movement practices. 

To elucidate the dynamics of transformation, I have focused on analysing 

the intercorporeal engagements with the designed technology. This focus on 

intercorporeality requires a micro-level analysis of the practices – i.e., when 

practices are instantiated in particular activities and situations (Kuutti & 

Bannon, 2014; Wulf et al., 2011). This focus is grounded in the perspective of 

learning that I have adopted, which assumes that learning concerns the 

performative ability to move in specific ways, and that can be assumed to 

occur through visible changes in performance (Chapter 2). To analyse 

movement teaching and learning, these perspectives favour 

ethnomethodology-inspired methods for data collection and analysis (Evans, 

2013; Meyer & Wedelstaedt, 2017), to study how people build meaning and 

action. I have adopted these methods to study in detail how people interacted 

with my designs. 
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To gather data and analyse the empirical studies of my work, I mostly 

worked with video-recordings of particular situations; and my central 

analytical approach was interaction analysis (Jordan & Henderson, 1995). The 

choice of working with video data was grounded in my focus on the body 

sociality, specifically intercorporeality. Aligned with the theoretical 

underpinnings described in Chapter 2, I have accepted that intercorporeal 

engagements – the ways through which people teach and learn movement –  

are rendered visible and observable through the ongoing production of social 

action (Evans, 2013; Goodwin, 2017). This understanding renders 

intercorporeality visible and therefore available for analysis through, for 

example, their actions, interactions, and bodily orientations (ibid.). 

Video recordings capture with nuance interactional details in the temporal 

and sequential unfolding of action, rendering them available for later scrutiny. 

Video recordings enabled me to replay and revisit the data as well as to share 

it and discuss it with others in analysis. However, as with any data collection 

approach, video captures only a part of reality (Heath et al., 2010).  

My analysis often focused on identifying relevant snippets of interaction 

(ibid.), and then analysing them in depth through approaches inspired in 

interaction analysis (Jordan & Henderson, 1995). The selection of the initial 

snippets was guided by particularly relevant questions in each study 

(Goodwin, 2017) but all can be considered to have a shared focus on 

intercorporeality. Through analysis, I identified patterns of interaction with 

the technology and elucidated how people used the technology in their 

intercorporeal engagements, in processes of instruction, feedback, 

performance, and assessment.  

In addition to the video data, I also aimed to elucidate the participants’ own 

account of their experience. I recorded interviews conducted in each of the 

design projects with both teachers and students. I analysed these interviews 

through approaches inspired by thematic analysis (Braun & Clarke, 2006). 

Thematic analysis serves to identify, analyse, and report themes – patterns that 

can be found in the data, often articulated on the basis of the research questions 

and the analysts’ theoretical foundations and values (ibid.). 

Finally, I evaluated the outcomes of the design approach based on the joint 

insights from the video and interview analysis. Deciding to make such 

valuations based on such insights is grounded in the theoretical underpinnings 

of my work, which foreground human experience in movement learning and 

the role of the body sociality in it (see Chapter 2). It is through these insights 

that I have concluded that the design approach I propose manages to enhance 

how people teach and learn movement, as it brings positive effects to their 

experience.  

 

In this chapter, I have presented core methodological considerations. In 

Chapter 7, I revisit some of them, reflecting on their scope and limitations. 
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Chapter 5. Empirical Studies 

In this chapter, I briefly present the empirical work of this dissertation. This 

includes analytical studies of the domain (Paper I) and three design projects 

(Papers II–IV).  

5.1. Analytical Studies of Movement Teaching and 
Learning 

The design work in this dissertation was started and influenced by analytical 

studies of movement teaching and learning in the domain of fitness (Paper I), 

in the contexts of Pilates and AntiGravity Yoga. These studies were of social 

and collocated settings, in which a teacher facilitated a movement learning 

activity to students. In these studies, my goal was to obtain an analytical 

understanding of the body sociality in movement teaching and learning, and 

how teachers and students went about building meaning and action in 

interaction. I also aimed at articulating design possibilities. Although these 

studies did not feature practical technology construction or design 

interventions per se, they offered a point of departure for my design work: 

they yielded insights into the bodily, social, and physical intricacies that shape 

movement teaching and learning. In addition, these studies brought into focus 

important aesthetic ideals that would come to characterize the design approach 

designing for intercorporeality: they highlighted the pervasive normative 

orientation in movement teaching and learning, and revealed the intricate and 

multimodal array of resources that people use to achieve a shared 

understanding of themselves, each other and a practice’s norms. 

The studies in Paper I directed my design research focus on the intricate 

ways people interact to achieve their movement teaching and learning 

endeavours. The studies showed the importance of intercorporeal 

engagements between teachers and students, and how through them 

movement was articulated, communicated, and acted upon.  

Using the concept of correction as an analytical tool, I analysed the ways 

teachers and students built meaning and action to achieve the practice’s norms. 

The insights of these studies show that, through a multi-stage and 

collaborative interaction process, teachers and students identify and address 

performance errors and communicate and act on feedforward and feedback 
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cues. They also show that the intercorporeal engagements in these settings are 

often geared towards addressing individual and contextual needs. 

I also focused the analysis on identifying important multimodal resources 

(I label these “tools”, e.g., verbal cues, gestures, mobilizations, touches, and 

modelling, in Paper I), in basis to which intercorporeality is constituted. These 

were often used together, mutually elaborating each other.  

In basis to this analysis, I was able to articulate a series of design insights 

that concern how interaction designers could leverage and support the body 

sociality in movement learning through interactive technology (Paper I). 

These underpin the aesthetic ideals of the design approach (Chapter 6).  

A central insight spoke of focusing on intercorporeality in design, 

leveraging on the ways and multimodal resources through which 

intercorporeal engagements are constituted. That is, focusing on 

intercorporeality as the central phenomena through which movement teaching 

and learning take place, through processes of instruction, performance, 

assessment and feedback. This also brought a conceptualization of the role of 

the technology different to that of prominent design approaches in interactive 

movement learning. Such conceptualization proposed to design and use 

technology as an enhancement of the body sociality, rather than a replacement 

of the teacher. Insights spoke to the situated nature of movement teaching and 

learning, and to employ technology to scaffold the learning process. 

Other design insights pointed to how intercorporeal engagements could be 

enhanced through interactive technologies: through the design and use of 

technologies to augment particular movement qualities and physiological 

processes. These could help people become aware of these qualities and 

processes and influence them. Insights suggested to design technology 

augmentations that could be perceptually available for both teachers and 

students, so that they could become resources in joint sensemaking and action. 

All these design insights strongly shaped and were exploited in my subsequent 

design work (Papers II–IV); and therefore they have shaped the design 

approach designing for intercorporeality. 

5.2. Design Projects 

Design projects describe ‘the immediate context of a given design [. . .] with 

given limitations in both time and resources [. . .], an effort to achieve 

something’ (Redström, 2017, p.39). The main empirical work of the 

dissertation consists of three design projects (Figure 2): Enlightened Yoga, a 

yoga class (Paper II); Super Trouper, a circus training course (Paper III); and 

BL Strength, a series of strength training workouts (Paper IV). As the projects 

involved other researchers and movement teachers as co-designers, in this 

section I will use the pronoun “we” when I refer to our joint efforts.  
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The design goal for the three projects was to explore how interactive 

technology could be designed and used to enhance the ways through which 

people teach and learn movement, by building on the design insights from 

Paper I.  

The fitness practices in the projects were similar: they all feature the 

development of particular sensorimotor capabilities towards particular forms 

of bodily enculturation (Jakubowska, 2017). They are conducted in a 

collocated setting that features a teacher (or teachers) and students, where the 

former guides the latter through a series of pre-planned exercises, favouring 

face-to-face interactions. Focusing the design inquiry on three practices 

enabled me to explore the technology potential across different teaching and 

learning contexts, featuring different values, movement norms, and people.  

The three projects serve as prototypical examples of the type of process and 

outcome that designing for intercorporeality fosters. In the next subsections, 

I briefly present the three projects and technology of my work. 

 

5.2.1 Training Technology Probes as Design Research Artefacts 

Each project featured one or more Training Technology Probes (TTPs). I, 

together with other co-designers, designed their form and use, and they 

constitute the design research artefacts of my work (Pierce, 2014). 

The TTPs are wearable biofeedback artefacts that provide actuation forms 

on one or multiple movement qualities (e.g., posture, alignment, and 

movement trajectory) or physiological processes (e.g., breathing). These are 

chosen for their relevance to the particular practice. The TTPs augment these 

qualities and processes in a way that is perceptually available to both teachers 

and students. Through the TTPs’ augmentations, people can learn not only 

about their own movement but also about the movement of others. People can 

orient to these augmentations, refer to them, and employ them to articulate 

feedforward and feedback, as well as to perform and to assess performances. 

Figure 2: Pictures of the three design projects of my work. 
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In the particular papers and in Chapter 6, I delve deeper into the use and 

benefits of employing TTPs in the different projects. 

The ideas behind all the TTPs were generated in design ideation workshops 

and discussions with movement teachers (explained in detail in supporting 

Papers VII and VIII). The aim of those workshops was broader than the one 

considered in this dissertation: we aimed to generate concrete ideas for 

technology enhancement in movement learning practices, both in social 

settings but also in individual training situations. These workshops were 

relevant to the design projects as they enabled me to turn the design insights 

from Paper I into concrete technology design ideas. They also surfaced and 

foregrounded different aesthetic ideals, some of which ended up 

characterizing the design approach designing for intercorporeality (Chapter 

6). Yet, the workshops’ corresponding papers (VII-VIII) are not included in 

the dissertation as they do not directly address the research question. 

The TTPs were inspired by the potential of open-ended technology (see 

Chapter 3). Open-ended technologies enable a fluid meaning and action 

construction rather than to prescribe by design what is a valid or correct 

performance, feedforward, feedback, and assessment. They enable designers 

and end users to construct their meanings and ascribe courses of action upon 

the open-ended actuation.  

Moreover, all the TTPs considered in this dissertation were wearables. 

Throughout the design explorations, I found wearable technology to be well 

suited for the movement learning practices with which I engaged. Wearable 

technology allows for an accurate and timely representation of body 

movement (Coorevits & Coenen, 2016b; Lara & Labrador, 2013), mainly due 

to its capacity to be worn close to the body, which also broadens the palette of 

body areas that can be augmented. Advances in components’ size (ibid.) open 

up for technological solutions that can be worn on the moving body while 

minimizing the risks of constraining movements. The TTPs included in this 

dissertation are built with Arduino-based sensors and actuators, off-the-shelf 

components (e.g. magnets, laser pointers, buckles, screws and fixings), as well 

as crafting materials and resources (e.g. elastic bands, sewing material, hoop-

and-loop fasteners). Some also feature 3D printed components.  

The TTPs were designed to be light and unobtrusive, but to be able to be 

securely attached to the body to sustain the impact of constant movement. In 

movement practices, where people are in constant motion, wearable 

technology also offers a dynamic canvas for the actuation - instead of being 

confined to a stationary computer or screen. The TTPs enabled me, as 

designer, to choose where the actuation would be perceived in ways that made 

sense for the participants and the practice.  

Papers II-IV and supporting Papers VII-XI elaborate on the particular TTPs 

of my work, detailing their conception, design, characteristics and use in user 

studies. Next, I provide an overview of the TTPs, and briefly present the three 

design projects.  
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5.2.2. Enlightened Yoga 

The first design project included in this dissertation, Enlightened Yoga, took 

place in the Spring of 2018. The project is described in detail in Paper II. 

Enlightened Yoga built on an idea developed during the design ideation 

workshops of supporting Paper VII. This idea revolved around the potential 

of using projecting lights to augment body movement and orientation. Such 

projections could accurately augment movement trajectory and the 

positioning of key body areas in space, and they could be used as an aid to a 

yoga teacher, to help them provide instructions.  

The Enlightened Yoga project encompassed the development of a working 

prototype and three design workshops in which I, together with other co-

designers, designed a full yoga class with the prototype. Finally, the project 

also included a class with students, conducted for evaluative purposes.  

Choice of Practice 

Yoga is a somatic practice that focuses on developing sensorimotor awareness 

and control through the performance of different poses. It involves a range of 

physical skills towards achieving a holistic well-being (Baptiste, 2016; 

Kaminoff & Matthews, 2011). The poses (asanas in yoga jargon) are self-

contained and identifiable body postures of different forms (e.g., standing, 

sitting, and reclining) featuring different movements patterns (e.g., twisting 

and stretching) and physical skills (e.g., balance, strength, and flexibility). 

Yoga has many poses, each with particular, but often adaptable, normative 

stances (Kaminoff & Matthews, 2011). The complexity of the poses often 

requires people to develop a nuanced appreciation and control of several 

movement qualities, physiological processes and body areas (e.g., posture, 

positioning of individual limbs, movement pace, and breathing). Enlightened 

Yoga focused on a westernized, fitness-oriented version of yoga that favours 

the performance of the poses as a form of fitness exercise, often downplaying 

the spiritual and meditative elements of other forms of yoga practice.  

I primarily chose yoga because it requires the use of a wide variety of 

physical skills and because it is a practice with which I had experience and 

knowledge. When the project started, I had been practicing yoga intermittently 

for over ten years. I considered having such experience crucial to identifying 

relevant opportunities for design and to facilitating the ideation sessions.  

Design Research Artefact 

Enlightened Yoga featured the Laser TTP (although not yet named as such in 

Paper II). Laser TTP is a wearable system consisting of a belt with an attached 

laser pointer secured with neodymium magnets. The laser projects a dot 

perpendicularly or tangentially to the point of attachment in the body. 
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Approach and Design 

Together with another design researcher (also a yoga practitioner) and an 

experienced Yoga instructor, we engaged in several design workshops. In 

those, we explored issues related to the technology design, such as different 

types of light qualities (e.g., laser dot, soft LED lights, and patterned 

projections) and attachment devices. We explored meaningful placements and 

beam directionalities of the technology and its interplay with spatial features, 

and potential instructional cues. Finally, we selected 16 of the designed poses 

that used the Laser TTP, and created a balanced class featuring warm-up and 

cool-down phases, as well as several poses in between. 

Design Goals 

A main design goal of Enlightened Yoga was to support the yoga instructor in 

communicating relevant movement knowledge. The instructor raised early on 

during the workshops the difficulties that beginners had in understanding 

some complex body positions and nuanced movements, as their movement 

literacy and appreciation abilities were often underdeveloped.  

The capacity to support feedforward cues in a meaningful way became the 

most important inclusion/exclusion criteria for the design explorations. The 

use of the Laser TTP in particular poses was also contingent to the constraints 

it put on the moving body: for some poses, the use of the technology resulted 

in undesired body positions and movements, and they were discarded as it 

important for us that movements were constrained as little as possible. In 

addition, it was important that the Laser TTP could be worn in many ways, as 

we wanted to explore the most meaningful and least constraining ways of 

wearing it, and cater to differences in body shapes and individual needs. 

Furthermore, key design decisions had to consider the instructor’s 

pedagogical values, which focused on precision and technique. 

Developing a full class with the Laser TTP became an important goal 

throughout the workshops, so as to create a coherent aesthetic experience over 

the course of a complete activity, and to enable students to sensitize 

themselves and benefit from the Laser TTP in different poses. 

User Study and Overview of Results 

The resulting Enlightened Yoga class was evaluated in a single class with the 

instructor and two students (one beginner and one intermediate) recruited from 

the instructor’s pool of contacts. The class lasted for about 45 minutes and 

featured 16 exercises. After the class, I conducted a joint interview and 

discussion with the instructor and the students.  

During the class, the three participants wore the Laser TTP almost all the 

time, and the instructor used the Laser TTP in his instructions. The instructor’s 

teaching style focused on demonstrating and guiding in real-time how to 

perform the poses, resulting in a continuous instructed activity where he 
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guided students through the poses as he performed them. The instructor did 

not stop his demonstrations to address individual errors or needs. Rather, he 

fed general corrective cues into his instructions or left errors unaddressed if 

not deemed crucial. That is, although the instruction style focused on precision 

and correct technique, individual errors were not always addressed so as not 

to break the flow of the class. 

The results of the analysis showed that the inclusion of the Laser TTP in 

the poses augmented the movement and position of different body areas, 

offering people an additional representation to appreciate both their own and 

other’s movements, which enhanced their awareness of themselves and others. 

The Laser TTP highlighted connections between body areas and helped 

students understand the relationship between their body and the surrounding 

space. The open-ended visualizations also enabled a shared frame of reference 

to which both instructor and participants could orient and refer, offering them 

a shared resource to build meaning and action. This frame of reference was 

used in instruction: the Laser TTP’s projections were used as one of the 

several interactional resources in play (e.g., verbal cues, demonstrations, and 

gesture), which helped the instructor communicate and articulate cues about 

elusive or complex poses and the students understand and act on these cues. 

Relevance to the Dissertation’s Design Research Process 

In Enlightened Yoga, I explored for the first time designing a technology-

supported movement learning experience. I explored how technology could 

be designed and used to enhance how people teach and learn movement, in a 

practice with different movements and for different people. During the design, 

a series of considerations that would also be important throughout the other 

projects emerged, such as wearability issues, preferred instructional style and 

sought aesthetic experiences (see Paper II). As the designer, it sensitized me 

to work with movement teachers, and helped me develop my facilitation 

abilities during the design sessions. 

The results of the analysis provided an initial understanding of how people 

used a technology like the TTPs. The results also pointed out core 

characteristics of the TTPs’ use behaviour (e.g., a shared frame of reference, 

and its use as interactional resource alongside other existing interactional 

resources), which would later be exploited in subsequent design projects and 

served to help conceptualize intercorporeal biofeedback (Paper V).  

5.2.3. Super Trouper 

Super Trouper is the longest and broadest project included in this dissertation. 

I worked in close collaboration with other members of our research group and 

different circus instructors. The project is described in detail in Paper III and 

supporting Papers VIII-X. 
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Funded by the Swedish Research Council in 2017, Super Trouper has been 

ongoing at the time of this writing. We partnered with Cirkus Cirkör, the 

largest contemporary circus company in Sweden, to develop technology-

supported circus training courses for children aged 7–12 and who exhibit signs 

of sensory based motor disorder. Children in this target group present mild 

sensorimotor challenges in regards to movement sensing (registering, 

orienting, interpreting, and organizing proprioceptive information) (Sher, 

2016) and actuating (difficulties with controlling and eliciting motor 

responses) (Miller, 2014b). They also often face problems focusing.  

Throughout the project, we have explored how to create interesting, 

engaging, and intrinsically motivating movement learning activities for the 

target group that at the same time enable them to work on and with movement 

awareness and control. To achieve these goals, we developed and worked with 

an array of TTPs and emphasised a playful approach to the training activities.  

Super Trouper has featured different phases with different design activities, 

ranging from design ideas to technology development, training course 

development, and evaluation with children and circus instructors. The 

research foci have also been multiple: on the effects of the designs on the 

children’s sensorimotor awareness and control (Paper III); on the design 

process behind designing the TTPs’ use in the different circus training course 

(supporting Paper IX); design ideation workshops (supporting Paper VIII); the 

role of play and playful activities (supporting Paper X); and use qualities of 

employing the TTPs during intercorporeal engagements (Paper V).  

In the dissertation, I include the empirical material from the two first Super 

Trouper course editions (presented in Paper III and considered for the analysis 

in Paper V). 

Choice of Practice  

Circus training was chosen as it aligns with the overarching goals of the 

project for children in the target group. Circus narratives aim at fostering 

feelings of empowerment, success, engagement, and experiences out of the 

ordinary (Björfros & Lind, 2010). Performing circus exercises (e.g., particular 

acrobatic tricks), which often appear spectacular despite being technically 

simple to perform, can help foster self-esteem and engagement. All these align 

with factors that interventions for the target group consider relevant, to create 

intrinsically rewarding activities for children (Bialer & Miller, 2011).  

Circus as a practice opens up to play and playful approaches to movement 

teaching and learning, due to its focus on performance, creativity and social 

collaboration and self-development - rather than competition. Finally, circus 

training includes a wide variety of disciplines (e.g., juggling, acrobatics, 

aerials, and balancing), each with particular exercises. This variety enables 

people to develop a wide range of sensorimotor capabilities featuring 

movement qualities that are important for children in the target group, such as 

control, balance, and focus (ibid.).  
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Design Research Artefacts  

Throughout its course, Super Trouper has featured a variety of TTPs: Laser 

TTP, FrontBalance TTP, TopBalance TTP, TiltBand TTP, Blower TTP and 

Movement TTP, as well as others not considered in this dissertation. Some of 

these (i.e. Blower TTP, FrontBalance TTP, and TopBalance TTP) were 

developed to explore and test ideas resulting from the sensory bodystorming 

workshops in a yoga context (supporting Paper VII). Due to time and budget 

constraints, I was unable to explore these ideas further for yoga, but they were 

deemed sufficiently interesting to develop them into TTPs and investigate 

their potential in Super Trouper. For example, FrontBalance TTP capitalizes 

on the idea of augmenting alignment from Paper II.  

Other TTPs were developed based on discussions with circus instructors 

(i.e., TiltBand TTP) and subsequent bodystorming activities during the project 

(supporting Paper VIII). Finally, we also used the Laser TTP developed for 

Enlightened Yoga to explore its potential in another practice. The range of 

TTPs enabled us to explore the potential of different biofeedback 

augmentations to support movement awareness and control.  

Approach and Design  

Super Trouper included several design research activities. The empirical 

material considered in this dissertation encompass data from the first two 

editions of the course. Each of these courses lasted six consecutive weeks, and 

included a two-hour training session each weekend. A session would start with 

a playful warm-up (see supporting Paper X), which was followed by training 

one or two circus disciplines.  

In the first course, most of the sessions did not feature technology. We 

explored the planned format for the course, which we maintained in 

subsequent editions. In parallel to the course, we developed some of the TTPs, 

which we latter brought to the course’s last session to probe their potential. 

In the second course, we brought one or two specific TTPs to each session 

to explore their potential in more depth. During this course, the technology 

continued to be polished and developed (see supporting Paper VIII), resulting 

in two new TTPs (e.g., Movement TTP and TiltBand TTP), which were also 

brought into the training sessions at a later stage in the course. 

The design of the TTPs’ use in exercises was mostly a co-creative process 

between the designers and the participants (both instructors and children). As 

designers, we developed each TTP with a particular design opportunity in 

mind (e.g., heighten awareness and control of particular body alignments in 

FrontBalance TTP), often envisioning particular body couplings and potential 

uses in disciplines (e.g., wearing FrontBalance TTP on the hips during 

balancing exercises such as the tightwire). These potentials were discussed 

and refined with the instructors before each training session. In class, 

participants explored these potentials, reflecting on their uses and values. 
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Furthermore, children and instructors adapted the TTPs’s use, exploring their 

potential in other exercises, disciplines, and body placements. This approach 

gave rise to uses that we did not originally envision. Supporting Paper IX 

describes this co-creative process in detail, with examples of envisioned and 

new uses for four TTPs. 

Design Goals  

The design goals for Super Trouper were to develop intrinsically motivating 

and engaging activities that supported children in developing their 

sensorimotor capabilities. Achieving these goals required supporting 

communication and co-operation between children and teachers, as the former 

had difficulties accessing, understanding, and controlling sensory information 

related to their body and movement (Bialer & Miller, 2011; Miller, 2014a). 

In addition to learning particular forms of bodily enculturation, Super 

Trouper also sought to foster feelings of individual progression and success 

through rewarding and extraordinary experiences that aimed at reducing the 

children’s fear of moving and enhancing fun to encourage them to move. 

User Studies and Overview of Results 

We video-recorded the training sessions as well as the interviews and 

discussions with multiple cameras. We analysed the training data using 

interaction analysis (Jordan & Henderson, 1995) and the interview data using 

a qualitative approach loosely based on thematic analysis (Braun & Clarke, 

2006). The analytical goal was to understand how the technology affected the 

training activities and the effects that our designs had in achieving the desired 

aesthetics. The introduction of the TTPs in different circus disciplines and 

exercises resulted in many positive effects (see Paper III). Table 1 provides a 

rough overview of these positive effects. 

The children in the course were a heterogeneous group in terms of needs 

and capabilities, and particular exercises with a TTP were often adapted on 

the spot by the instructors to better support the needs of particular children. 

Similar adaptations occurred in terms of goals and motivators, and instructors 

were key to engage children in ways that were meaningful for them. For 

example, some children were motivated by trying to perform an exercise as 

closely as possible as to what the instructors has cued, striving for the 

practice’s normative stances. To those, instructors challenged them to perform 

better. Other children were encouraged to move by engaging in playful and 

fun movements, so the instructors prioritized creating playful and exploratory 

experiences for them. 
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Table 1: An overview of the TTPs in each discipline and their effects. 

TTP Disciplines used Effects of introducing the TTP 

TopBalance,  

FrontBalance 

Floor and partner 
acrobatics, balancing 
exercises, juggling 

Heighten sensorimotor awareness and 
control (posture, balance, movement 
trajectory), controlling balancing tools, 
increase motivation, facilitate instruction  

Laser Balancing exercises, 
floor acrobatics, 
warm-up 

Heighten sensorimotor awareness and 
control (posture, balance), increase focus, 
and decrease fear, increased engagement 
and enjoyment, create an out-of-the-
ordinary, playful experience, facilitate 
instruction and augmented feedback. 

Blower Balancing exercises, 
floor acrobatics 

Heighten sensorimotor control (posture, 
core engagement), increase focus, offer 
distraction from pain and exertion, 
increase engagement and enjoyment, 
“gamified” experiences, facilitate 
instruction and augmented feedback. 

TiltBand Juggling Heighten sensorimotor control (arms 
position), increase enjoyment 

Movement Balancing exercises Heighten sensorimotor awareness and 
control (movement pace, balance, 
posture), increase focus, facilitate 
instruction and augmented feedback. 

Relevance to the Dissertation’s Design Research Process 

Super Trouper served to develop new technology prototypes with different 

sensing and actuating couplings, and to explore their potential to enhance how 

people teach and learn movement in a different practice - with a radically 

different target group. The choice of target group resulted in the emergence of 

several other aesthetic goals such as engagement, motivation, and playfulness, 

alongside learning to move in particular ways. Insights from the project also 

pointed to the potency of working with open-ended biofeedback technologies, 

as we could use the TTPs in many different exercises and tailor their uses to 

particular children’s needs, which was an insight exploited in BL Strength.  

5.2.4. BL Strength 

The last design project of the dissertation is BL Strength, situated in the 

context of strength training. It took place during Spring and Summer of 2019. 

The project is described in detail in Paper IV and I have used its data for the 
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analysis in Paper V. At the start of BL Strength, all the TTPs had been 

designed and tested in Enlightened Yoga and Super Trouper. Hence, this 

project was geared towards exploring their potential in a different movement 

practice: one in which movement teaching and learning is strongly geared 

towards achieving the practice’s normative stances on its complex exercises. 

I first engaged in an open and exploratory workshop with two experienced 

weightlifters. During this workshop, I brought all the TTPs designed until that 

moment (supporting Paper XI). Through bodily engagement, we explored 

ways to use the existing TTPs in different strength training exercises. The 

Laser TTP stood out to them for its capacity to accurately visualize body 

movement and orientation, and therefore augment performance errors that 

would otherwise be difficult for them to identify and correct. Yet, this 

workshop also served to spotlight salient limitations of the Laser TTP, which 

prompted the design of BodyLights, a more versatile and robust prototype. 

The design of the use of BodyLights in different strength training exercises 

was done through multiple workshops with other co-designers. The designs 

were evaluated with 15 students of different skill levels, who engaged three 

times with a workout with BodyLights, facilitated by a personal trainer (PT). 

Choice of Practice  

Strength training uses specific exercises to develop muscular strength and 

endurance (Haff & Triplett, 2015). Most strength exercises target particular 

muscle groups and movements using specialized equipment (e.g., dumbbells, 

weighted bars, and weight stacks, commonly referred as weightlifting 

exercises) or one’s own body weight. The exercises are often complex, 

featuring intricate movement patterns, limb positions, and body orientations. 

To maximize performance gains and minimize the risk of injury, a central 

concern and pedagogical focus in strength training is the correct execution of 

the exercises (Haff & Triplett, 2015). Thus, strength training was a good way 

to investigate the TTPs’ potential to enhance teaching and learning that is 

strongly geared towards achieving a correct performance.  

In addition, I had experience and knowledge with the practice, as at that 

point of my work I had been engaging in strength training intermittently for 

over ten years. Based on my experience with Enlightened Yoga, I considered 

my familiarity with the practice crucial to facilitate design workshops and 

identify opportunities. Finally, I also had access to a PT and several 

experienced practitioners from my personal network, who joined me as co-

designers and facilitators of the evaluation.  

Design Research Artefact  

BL Strength featured BodyLights, a 3D-printed iteration of the Laser TTP. 

BodyLights is designed to be manually rotated, so the light can be projected 

(either as a dot or a cross) in any direction within half a sphere from the point 

of contact with the body. It is attached to the body or equipment by means of 
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a belt. BodyLights was designed together with a 3D designer and experienced 

weightlifter in an iterative process to achieve ease of interaction, projection 

stability, robustness, and comfort. Paper IV provides details on the design. 

Approach and Design  

Consulting with a National Strength and Conditioning Association (NSCA) 

certified PT and three experienced practitioners, we explored and co-designed 

the use of BodyLights in different strength training exercises over four 

workshops. We explored best placement for the technology on the body or 

equipment, projection angles and relevant spatial references and marks where 

BodyLights could project.  

We also explored relevant feedforward and feedback cues that could be 

articulated and communicated. We designed the use of BodyLights in 18 

exercises, selected for how meaningful we considered BodyLights to be to 

help articulate, communicate, understand and perform its normative stances, 

as well as identify errors. In basis to this collection of exercises, that targeted 

different movements and muscle groups, the PT organized different workout 

routines that offered a full body training for people at different skill levels. 

Design Goals 

When BL Strength was initiated, I had a fairly good understanding of the 

potential of the TTPs to enhance how people teach and learn movement in 

social, situated practices. However, I wanted to explore the potential of such 

technologies in a practice where correctness of movement and achieving the 

practice’s norms were of utmost importance. This enabled me to investigate if 

such technologies could cater for movement teaching and learning contexts 

that required of very complex and precise performances, and very rich and 

nuanced instruction, assessment and feedback.   

Safety was a main goal during the design – i.e., the design should minimize 

the risk of injury. Concerns that were already present in Enlightened Yoga, 

such as designing the use of the projections in a minimally intrusive manner 

so as to avoid poor body postures, were framed as safety issues rather than 

comfort, or ease of use, issues (as they did in Paper II). The overt focus of the 

design efforts was to heighten awareness of the correct performance and 

potential errors, and aid in the latter’s identification and correction. Therefore, 

we prioritized augmenting movement qualities in particular exercises that 

were prone to errors (e.g., bending the back while performing exercises such 

as planks and push-ups) that might be critical for safety and strength gains. 

User Studies and Overview of Results 

We recruited 15 participants (7 beginners, 5 intermediate, and 3 advanced 

students) who engaged three times over the course of two weeks in an 

individual workout with the PT, featuring a selection of the exercises. I video-

recorded with multiple cameras the training sessions as well as the interviews 
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and discussions with both students and the PT. We analysed the training data 

using interaction analysis (Jordan & Henderson, 1995) and interview data 

using thematic analysis (Braun & Clarke, 2006).  

The results showed that the use of BodyLights in the exercises heightened 

people’s movement awareness of both their own and other people’s 

movements. It also enhanced their capacity to understand and act upon the 

variety of movement qualities that BodyLights visualized: movement 

direction and start and end, position of particular body areas in space and in 

relation to each other, positioning of the equipment, movement pace, and 

muscle engagement. It also enhanced the students’ awareness of errors, and 

led some of them to correct them by themselves. The PT found the designs 

useful as they aided her in articulating and communicating relevant 

feedforward and feedback cues and in assessing performances. She was able 

to adapt the BodyLights’ use on spot, and thus address the different and 

individual students’ needs. 

Relevance to the Dissertation’s Design Research Process 

BL Strength served to explore the potential of using a technology such as the 

TTPs to enhance how people teach and learn in a type of practice that primes 

correctness of movement (Haff & Triplett, 2015). BL Strength also served to 

probe the potency of an open-ended biofeedback like BodyLights to support 

how people teach and learn across a variety of exercises and skill levels. This 

project was the most ambitious of the three in terms of probing the versatility 

of a single artefact within a practice, in different exercises and for different 

people. The results extended insights from Enlightened Yoga with a similar 

technology with a more thorough evaluation of the students’ experiences; and 

the type of adaptations made by the teacher to cater to the needs of individual 

students. Insights served to substantiate and extend characteristics of the use 

behaviour identified in Enlightened Yoga (i.e., a shared frame of reference). 

5.2.5. Concluding Remarks 

The three design projects illustrate the way of designing that I have explored 

through my work and with which I contribute. The design projects explicitly 

foreground the body sociality as focus of design, designing and using 

interactive artefacts to enhance the ways movement is taught and learned in 

social contexts. The three projects are similar in terms of the particular 

aesthetic ideals that they seek and promote, the particular use behaviours they 

encourage, and the effects they have on the intercorporeal engagements 

between teachers and students. In the next chapter, I reflect on these 

similarities as characteristics of designing for intercorporeality. 
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Chapter 6. Designing for Intercorporeality 

In this chapter, I present the overarching contribution of my work: designing 

for intercorporeality, an interaction design approach to technology-supported 

movement learning. This approach aims to enhance how people teach and 

learn movement in social and situated movement practices. It does so by 

focusing on intercorporeality as a central phenomenon for movement teaching 

and learning, and on designing and using interactive biofeedback technologies 

to enhance the intercorporeal engagements between teachers and students. The 

biofeedback technology extends people’s perception and appreciation of 

particular movement qualities and physiological processes, both of their own 

body and other bodies. This extends their ability to act upon such movement 

qualities and physiological processes. Technology becomes an interactional 

resource that people can use to jointly build meaning and action. As an 

interactional resource, the technology extends and enriches (with a distinct 

material contribution) the mesh of multimodal resources through which 

intercorporeal engagements are constituted. 

This design approach emerged and was explored throughout the empirical 

studies of my work, and it is shaped by the theoretical (Chapter 2) and 

methodological (Chapter 4) underpinnings of this dissertation. I present the 

design approach based on its defining characteristics, which reflect shared 

qualities and insights present throughout my design research process. First, I 

discuss a set of aesthetic ideals, or values, that the design approach seeks and 

incorporates, providing a direction to how intercorporeal engagements can be 

enhanced in interaction design for technology-supported movement learning. 

Next, I present intercorporeal biofeedback as a strong concept that captures 

the design patterns shared among the design examples and foregrounds a 

particular way to design and use biofeedback technologies. It constitutes my 

response of how I, as a designer, have incorporated the sought aesthetic ideals. 

Finally, I reflect on the effects that the design approach has brought to the 

teaching and learning experience of people, focusing on how the designs have 

transformed the intercorporeal engagements of teachers and students. 

6.1. Aesthetic Ideals 

My work has been shaped by a set of aesthetic ideals that have grounded and 

framed the design research endeavours, giving them a direction on how I have 
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addressed the research question of my work. They serve to characterize the 

design approach: they communicate ideals on what designs under this 

approach should seek to incorporate, and constitute the discernible aesthetics 

of the interaction design. These aesthetic ideals have been shaped both by the 

theoretical underpinnings from Chapter 2 and insight from the analytical 

studies of fitness practices (Paper I). In addition, they have been influenced 

and can be discerned throughout the design projects (Papers II–IV). 

6.1.1. Intercorporeal Aesthetics 

Intercorporeality is a crucial phenomenon in the teaching and learning of a 

practice’s norms, in shaping people’s sensorimotor appreciations, and 

ultimately in developing the ability to move in particular ways. In my design 

approach, I propose that designers shift their interaction design focus to 

intercorporeality, and that they design and use interactive technologies to 

enhance the intercorporeal engagements between teachers and students – i.e. 

the ways people teach and learn movement, achieving intersubjective 

meanings of themselves, other people and the practice’s culture. 

Grounded in the theoretical underpinnings (Chapter 2) and the analytical 

studies (Paper I), I propose a set of aesthetic ideals for the design and use of 

interactive technology that serve to characterize the design approach. First, the 

designs should enhance people’s reciprocal perceptibility. Intercorporeality 

is constituted on the basis of people being able to perceive their body 

movements and other people’s body movements (Meyer et al., 2017) by 

combining the first-, second-, and third-person perspectives. As discussed in 

Chapter 2, reciprocal perceptibility forms the basis for modes of co-bodily 

presence to exist (ibid.). This is important when engaging in particular 

exercises, as illustrated in the empirics in Paper I, which show how teachers 

adapted their instructional cues depending on the perceived performance and 

capabilities of the students. Similarly, the students acted on the movements 

articulated and communicated by the teacher verbally as well as through, for 

example, bodily demonstrations. 

Yet, establishing this reciprocal perception is not without challenges in 

teaching and learning due to asymmetries in knowledge, competence, and 

perceptual capabilities between teachers and students. Furthermore, students 

(especially novice ones) face difficulties in becoming aware of, controlling, 

and honing their sensorimotor capacities. Design insights from the analytical 

studies of Paper I pointed to the design and use of interactive technologies as 

a way to foster reciprocal perceptibility: through perceptually-shared 

actuation forms of particular movement qualities and physiological process. 

Designs under the approach I propose should seek to enhance reciprocal 

perceptibility: to enhance people’s appreciation of the self and the others. 

The designs should support forms of bodily co-presence. Intercorporeality 

is sustained through forms of bodily co-presence between people (Meyer et 
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al., 2017) – i.e., how bodies jointly construct meaning and action. As discussed 

in Chapter 2, bodily co-presence can take different forms. Through the design 

approach, I have mostly focused on co-operative, turn-taking forms in which 

the own sensorimotor actions have identifiable consequences for the other 

people, and vice-versa. This mutual influence occurs in a coordinated and 

cumulative mesh of interactions, where different processes (e.g. instruction, 

assessment, performance) and feedback loops intertwine (Meyer et al., 2017). 

Analytical examples from the studies in Paper I illustrate this form of 

bodily co-presence and its importance in the movement learning settings with 

which I have engaged. Movement was articulated and communicated, and 

performances executed, assessed, and adapted through turn-taking interactive 

patterns and the juxtaposition of multimodal resources. For example, in the 

Pilates example in Paper I, the instructor and student jointly identified and 

addressed a performance error: the instructor, observing the students, issued a 

reminder on a desired postural quality (weight distribution), which drew the 

students’ attention to their proprioceptive sensations, encouraged self-

assessment, and ultimately resulted in a readjustment of posture. Designs 

under this approach should seek to enhance how people create and sustain 

meanings and actions by designing interactive technology that can help 

articulate, communicate, understand and assess movement, and act on 

instructions and feedback. 

Finally, the designed technology should seek to be interwoven with the 

multisensory forms of interaction that people use to build meaning and action. 

Speech, bodily arrangements, demonstrations, gestures, environmental 

features, material equipment, and tools are all constitutive of intercorporeality 

(Meyer & Wedelstaedt, 2017). As Paper I shows, all these constitute 

interactional resources for joint sensemaking and action, which are often used 

simultaneously to support bodily co-presence. Design insights from the 

analytical studies of Paper I pointed to the design and use of interactive 

technologies as such an interactional resource. Designing for intercorporeality 

should seek to not only respect the multimodal, interwoven mesh of interactive 

resources, but to extend it and in turn extend people’s capacity to build 

meaning, action and mutual understandings of the self, the other, and the 

practice’s norms. 

6.1.2. Normative Movement Aesthetics 

Designing for intercorporeality has a normative character. The design 

approach focuses on established movement practices that feature particular 

movement norms – in the form of specific movement patterns, qualities and 

sought sensorimotor appreciations. These are often encapsulated in typical 

exercises, such as the yoga poses in Enlightened Yoga, the tricks in the circus 

disciplines in Super Trouper, or the set of exercises in BL Strength. 
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The norms foregrounded by a practice are taken by the design approach as 

ideals. My design work does not aim to change these – i.e., a practice’s 

movements, exercises, and sought sensorimotor appreciations are treated as 

desirable. I have not sought to disrupt the typical sequences of movements in 

Yoga nor uncover novel variations or alternatives to strength training 

exercises. That is, the design approach adheres to the premise that those 

particular movement practices already present desirable forms and norms of 

bodily enculturation. 

This adherence to norms is shaped by the domain orientation that I have 

maintained throughout my work, which has been influenced by practice-based 

design (Kuutti & Bannon, 2014). Strongly influenced by human movement 

and movement pedagogy scholars (Meyer & Wedelstaedt, 2017; Shusterman, 

2008; Tinning, 2011), the design approach primes working with established 

movement practices as an important aspect of human life, which provide us 

with access to specific cultural capital and expands our movement repertoires 

and our ways of being in the world. 

As illustrated throughout the empirical work of this dissertation (Paper I-

IV), interactions between teachers and students are geared towards helping the 

latter to develop the ability to move in specific ways, as well as prevent and 

recover from undesired performances. Doing so enables participation and 

enculturation in the movement practice. Intercorporeal engagements are 

geared towards achieving mutual understandings on the practice’s normative 

movement aesthetics: there are particular movement qualities and patterns that 

are important for the practice and that are important for people to perceive and 

understand, articulate, communicate and perform. 

Designing for intercorporeality considers that the sought normative 

movement aesthetics need to bridge an inherent tension in movement learning: 

between a movement practice’s norms and the local and situated teaching and 

learning activities, which feature particular bodies with changing capabilities 

and needs. When people engage in particular movement learning activities 

(e.g., training sessions, a class), I found that the norms put forward by the 

practice often need to be adapted and tailored to address contextual and 

situated needs, as well as individual capabilities and competences. The early 

analytical studies of my work (Paper I) brought me to the insight that this 

tension shapes the intercorporeal engagements that take place: people need 

not only to articulate, communicate, and train towards a practice’s norms but 

also to address individuals. This latter often shapes which norms are pursued, 

how they are pursued, and to what extent they are pursued (see Results in 

Paper I). For example, the AntiGravity Yoga teacher often decided to pursue 

a particular corrective strategy for a particular student and adapt it according 

to the student’s response. In addition, the Pilates teacher sometimes decided 

not to fully pursue a correction, depending on the student’s abilities and 

competence. I also encountered this in the design projects (Papers II–IV) both 



 94 

as something to consider during design explorations and as a reoccurring 

phenomenon in the user studies. 

Designing for intercorporeality is hence characterized by such normative 

movement aesthetics. Designs under this approach should seek to foster this 

normative movement aesthetics by helping people address a practice’s norms 

– while at the same time catering to individual capabilities and competences 

and the fluctuating contexts of teaching and learning.  

6.2. Intercorporeal Biofeedback: A Strong Concept for 
Design 

As interaction designers, we orchestrate experiences with technology that by 

their very nature are ephemeral, contextual, and unique. Yet, beyond the 

uniqueness of an individual encounter with our technology, we can articulate 

conceptualizations of design knowledge that speak to how to strive for the 

sought aesthetics, making  it more likely that our users feel them (Höök, 2018). 

The second characteristic of the design approach constitutes my response 

as a designer to achieve and incorporate the sought aesthetic ideals in my 

designs, through the design and use of interactive technology. My response 

concerns shared design patterns among my designs, articulated as the strong 

concept intercorporeal biofeedback for movement learning (Paper V). 

Intercorporeal biofeedback speaks of designing and using biofeedback 

technologies to enhance the appreciation of the self and the other; and at the 

same time use them as interactional resources for people to articulate, 

communicate, understand and assess movement, and act on instructions and 

feedback. The strong concept speaks of the dynamic gestalt of the designs, 

focusing on the use behaviours that emerge between technology and people. 

To articulate interactional biofeedback as a strong concept in Paper V, I re-

analysed the recorded video material of the design projects2. I focused on 

interactional sequences between teachers and students using the TTPs in 

processes of instruction, performance, assessment, and feedback. This 

analysis served to elucidate commonalities regarding how the TTPs were used 

across the different projects. It also revealed the interactive behaviour, or use 

characteristics, of employing the TTPs as interactional resources in the 

intercorporeal engagements. In Paper V, I further articulate and elaborate on 

the strong concept by theoretically, empirically, and analytically grounding it 

to both my own work and empirical examples from other research groups. 

 
2 Due to the similarities in technology design between Enlightened Yoga and BL Strength as 
well as article space considerations, in Paper V I chose to illustrate the strong concept with 
material from the latter and Super Trouper, although the characteristics of the strong concept 
are found in the three projects of my work. 
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6.2.1. Characteristics 

In this section, I briefly describe the four defining characteristics of 

intercorporeal biofeedback. I discuss them in relation to the aesthetic ideals of 

the design approach. 

Shared Frame of Reference 

Shared frame of reference speaks of and is relevant for the sought 

intercorporeal aesthetics of the design approach: to enhance people’s 

appreciation of the self and the other, supporting reciprocal perceptibility and 

bodily co-presence. Intercorporeal biofeedback artefacts have the capacity to 

enhance people’s reciprocal perceptibility in regard to movement qualities or 

physiological processes relevant for the practice. They do so by leveraging 

sensory feedback modalities that can be accessed by different people 

simultaneously through the same sense, e.g., visual and auditory feedback. 

The augmentations complement people’s felt movement experience, 

offering an observational third-person perspective of their movement in the 

surrounding world as it unfolds in space and time. They also help create and 

sustain second-person perspectives, by supporting people in attuning to the 

other’s movement qualities and physiological processes and helping them 

relate their self-movement experience to that of the other. This experience 

enhances people’s capacity to jointly build meaning and action. 

A shared frame of reference is established for movement qualities or 

physiological processes that are relevant for the sought normative movement 

aesthetics. These are different between the practices. For example, both 

Enlightened Yoga (Paper II) and BL Strength (Paper IV) featured similar 

technologies (Laser TTP and BodyLights). In Enlightened Yoga, the Laser 

TTP was used to perceive, draw attention to, and communicate norms about 

the preferred alignment of different body parts and their movement in space. 

Although these uses were also seen in BL Strength, there people also used the 

shared frame of reference to draw attention to and act on other qualities (i.e., 

movement pace and muscle engagement) that were important for the sought 

normative movement aesthetics of strength training. 

Fluid Meaning Allocation 

Fluid meaning allocation speaks of the intercorporeal aesthetics of the design 

approach: to support and enhance the forms of co-bodily presence that people 

use to create and sustain meanings and actions. First, it concerns the capacity 

of the shared frame of reference to be made meaningful and actionable by 

teachers and students. People create and sustain meaning and actions through 

turn-taking interactive patterns in which they use the shared frame of 

reference: they can orient to it, refer to it, and talk about it, and they can ascribe 

particular courses of action and meanings to it, rendering it useful to articulate, 

communicate, understand, and act on movement. 
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The different projects of my work show how teachers communicated to 

students how to perform movements while using the TTPs, such as when the 

circus instructors in Super Trouper (Paper III) told children to blow into 

Blower TTP while balancing on the rolla-bolla (see Figure 7 in Paper V). The 

projects also show that instructors communicated what technology behaviours 

are desired or undesired for the sought normative aesthetics. For example, in 

Enlightened Yoga, the instructor explained the desired hip positioning in the 

Triangle Pose (see Figure 7 in Paper II). 

This meaning allocation is fluid as it is capable of addressing a practice’s 

norms while catering to particular situations and capabilities. This is relevant 

for incorporating the normative movement aesthetics that bridge the tension 

between a practice’s norms and the situated and fluctuating contexts of 

movement learning. The normative meanings and courses of action ascribed 

to the biofeedback augmentation can be negotiated, changed, and adapted to 

suit different norms, exercises, students, and, in some examples, even 

practices. They can also be tailored to address the student’s skill level and 

individual capabilities, as illustrated in BL Strength’s examples in Paper IV. 

Guided Attention and Action 

Guided attention and action speaks of the sought intercorporeal and normative 

aesthetics of the design approach: to help people focus their attention as well 

as articulate, communicate, understand and assess movement, and act on 

instructions and feedback. Guided attention and action concerns the multiple 

and dynamic bodily-perceptual relations established between people and 

technology. The biofeedback technology is, to some extent, in an intimate 

correspondence (Höök et al., 2016) with the person whose movement qualities 

are being augmented, and it is incorporated into their perceptual bodily selves, 

becoming an extension of the body through which they perceive and act. For 

example, in Super Trouper in Paper III, children engaged in balancing 

exercises with the Movement TTP moved so as to keep a particular movement 

pace and not trigger changes in the technology, an exercise that improved their 

balance. 

Intercorporeal biofeedback can also be used to guide people’s attention to 

their felt sensations, helping them understand their movement qualities and 

increase their control over them. It can also be experienced as a quasi-other 

(Verbeek, 2005), drawing people’s explicit attention, which is a bodily-

perceptual relation that might be sought in particular teaching and learning 

situations. For example, in Super Trouper, making the technology the focal 

object of awareness and action, such as the Blower TTP during sit ups, served 

to distract some of the children from their body sensations, leading them to 

engage with the exercise more attentively and longer. 

Intercorporeal biofeedback artefacts can also foster defamiliarization, 

between what a person senses proprioceptively and what the technology 

augmentations reveal of their performance, decoupling the first- and third-
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person perspectives of the body (Höök et al., 2021). Defamiliarization can be 

important in movement learning. For example, in BL Strength (Paper IV), 

students experiencing defamiliarization became aware of performance errors. 

These bodily-perceptual relations are fostered both by the biofeedback 

augmentation and its use by teachers to direct and focus the students’ attention 

and action. Teachers use it to subdivide complex sensorimotor patterns (such 

as those that a whole exercise involves), bringing attention to and articulating 

actions on specific body areas or movement qualities. They also use it to 

ground the interest of students to a particular body area, movement quality, 

physiological process or part of the movement. For example, in the different 

examples in Enlightened Yoga (Paper II) the teacher used the Laser TTP to 

draw attention to, articulate, and communicate particular poses, movements, 

and alignments of specific body parts as well as to sustain the students’ 

attention to particular aspects (e.g., breathing in the final exercise). 

Interwoven interactional resource 

Interwoven interactional resource speaks to the intercorporeal aesthetics: to 

how the designed technology should be used in context and interwoven with 

the multimodal array of interactional resources through which intercorporeal 

engagements are constituted. Intercorporeal biofeedback artefacts are used as 

interactional resources, alongside the host of other multimodal resources (e.g., 

verbal explanations and commands, body demonstrations, gestures, 

mobilizations, and other material elements). Within this array of resources, 

intercorporeal biofeedback supports the teachers’ and student’s intercorporeal 

engagements with a distinct material addition: it offers a shared frame of 

reference that enables people to make sense of themselves and the other, and 

to jointly construct meaning and action. As with the other resources, 

technology alone does not sustain intercorporeality, but transforms it by 

enhancing people’s sensemaking capacities. 

6.2.2. Designing Intercorporeal Biofeedback Artefacts 

I have found particular technological characteristics useful to elicit the use 

behaviours that characterize intercorporeal biofeedback, as well as to foster 

and incorporate the sought aesthetic ideals of the design approach. These are 

implemented in the TTPs and are shared with other intercorporeal biofeedback 

artefacts, which I elaborate on in Paper V and in Chapter 7. 

All the TTPs designed augment important movement qualities or 

physiological processes to achieve the sought normative aesthetics in each 

practice. When coupled with the meanings allocated to the actuation, they 

serve to guide attention in particular ways, establishing different bodily-

perceptual relationships with and through the technology. To identify which 

qualities to augment, I engaged in design workshops with trainers and 

practitioners (supporting Papers VII and VIII), where couplings of sensing and 
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actuation were explored in the context of a variety of the practice’s exercises. 

The practice culture and norms, as well as the participant’s values, were 

important factors in deciding what couplings to design and pursue. 

Designing a perceptually shared actuation modality serves to create a 

shared frame of reference that addresses the aesthetic ideal of reciprocal 

perceptibility. All the TTPs designed give either visual or auditory feedback 

modality, which different people can perceive simultaneously through the 

same sense, independently from whereas it is theirs or other people’s 

movement qualities and physiological processes that are being augmented. 

This perceptually shared frame of reference underpins the technology’s 

capacity to be used as interactional resource in intercorporeal engagements, as 

people can access, orient, refer to, and act on it through the same sensory 

modality. For example, initial versions of some TTPs in Super Trouper (i.e., 

FrontBalance TTP, TiltBand TTP and TopBalance TTP) were designed to 

provide haptic feedback for the person wearing them. Yet, we observed that 

instructors and children did not refer or draw attention to the TTPs during the 

user studies, as both could not perceive the exact same actuation 

simultaneously. Rather, they used the visual and auditory feedback in their 

intercorporeal engagements, and the haptic feedback was eventually dropped. 

To address the ideals of bodily co-presence and render the technology a 

useful interactional resource, all the TTPs synchronize movement and 

actuation. The actuation dynamically reacts and changes according to the 

movement quality it augments, and it is perceptually present as long as a 

person interacts with it. Hence, people in their intercorporeal engagements can 

orient to the technology’s actuation, referring to it when they see relevant. 

I have found of utmost importance to work with open-ended actuation 

forms to incorporate the normative aesthetics of addressing the practice’s 

norms while catering to particular situations. In the TTPs, the normative 

meaning of the actuation is unprescribed: it is open to appropriation and 

changes, supporting fluid meaning allocations and different courses of action. 

For example, the FrontBelt TTP (Paper III) augments tilt in the frontal plane, 

but whether the tilt is desired or undesired for a particular exercise, or what it 

means in terms of performance quality, it is not inscribed in the technology 

itself but negotiated by people (e.g., among co-designers, among participants). 

In contrast to other interactive technologies for movement learning that 

make valuations about a student’s performance, the TTPs allow people to 

make those valuations, which encourages situated and intersubjective 

meaning-making and action. The open-ended feature underpins the capacity 

of the TTPs to be used to address particular individual capabilities and needs, 

be used across different movements and exercises within a practice, and even 

be used across different practices. For example, I have used variations of the 

same core artefact (BodyLights and Laser TTP) in the three projects for a wide 

variety of exercises and people, and in all of them it has meaningfully 

enhanced the ways teachers and students built meaning and action. 
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These technological characteristics illustrate a particular type of technology 

that is suitable for designing for intercorporeality in movement learning 

domains. Further, they illustrate a particular type of technology that is capable 

of supporting the dynamic gestalt of intercorporeal biofeedback. 

6.3. Dynamics of Transformation 

The final characteristic of designing for intercorporeality concerns the typical 

transformations that such approach can bring to the intercorporeal 

engagements through which people teach and learn movement.  

Technology is not neutral (Fallman, 2011); and it will affect the 

intercorporeal experience of people as it amplifies or enables certain 

sensorimotor acts, and potentially reduces or limits others. Throughout the 

three design projects, I found that the reoccurring transformations to the 

intercorporeal engagements are related to how feedforward, feedback, 

assessment, and performance were carried out and experienced. These 

transformations concern articulating and communicating movement, 

attending and appreciating movement qualities, and acting on feedforward and 

feedback. Based on the insights from the user tests, these transformations and 

effects on the participant’s experience seem to have enhanced the 

intercorporeal engagements between teachers and students. As such, they 

serve to show the design approach’s capacity to address the research question 

of my work: to enhance how people teach and learn movement. 

 The design project papers (Paper II-V) present and elaborate on the effects 

with greater detail, grounding them empirically and analytically. Here, I 

provide a summary that captures the most salient and reoccurring ones. 

6.3.1. Articulating and Communicating Movement 

The TTPs in all the projects enhanced the teachers’ and students’ capacity to 

articulate movements. As interactional resource, people were able to orient 

and refer to the shared frame of reference during their intercorporeal 

engagements, their talk about it, and perform with it. 

 The TTPs transformed the way teachers would provide feedforward and 

feedback cues and explanations. They enabled them to articulate and 

communicate cues about elusive movement qualities that could be 

challenging to appreciate and cue otherwise. For example, in BL Strength, 

BodyLights enhanced the PT’s ability to articulate and communicate nuanced 

qualities such as muscle engagement, which without the actuation is often only 

perceived proprioceptively and therefore becomes more difficult to cue. 

Another central and shared transformation among the projects is that teachers 

would connect desired and undesired performances to the technology’s 

actuation and explain how particular movements would affect the actuation’s 
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response, as a way to provide a benchmark for the sought sensorimotor 

actions. 

Teachers would often demonstrate a movement by showing and referring 

to the TTPs’ actuation at different points of the movement, guiding students 

through the different expected outputs. Similarly, they would also often 

perform and explain common performance errors or undesired movements, 

and link it to how the actuation should look like in those cases. For example, 

the Enlightened Yoga instructor would often resort to verbal feedforward 

dyads, such as instructing the students to ‘move or position your body [in this 

way]…’ and then explaining the expected biofeedback actuation, e.g., ‘… and 

the light moves or changes [in this way]’. This connection was also leveraged 

during feedback. Teachers often referred to the actuation to elaborate on the 

students’ performance quality, such as in BL Strength, where the teacher often 

used the BodyLights’ projection to explain why a movement was incorrectly 

performed. Teachers also used it to give feedback on the expected results. For 

example, one circus instructor in Super Trouper counted the number of LED 

lights turned on in the Blower TTP to encourage a child to keep blowing while 

holding a sit-up. 

Another transformation brought by the technology relates to how the 

teachers would sometimes articulate verbal cues that referred only to the 

technology as a way to provide feedforward. Cues on how to act with the 

technology were sometimes favoured over cues that focused on the body or 

the movement itself. This often happened once the teacher had already 

explained the movement and provided subsequent cues as reminders. For 

example, once he had explained a movement, the Enlightened Yoga instructor 

would often verbally refer to doing particular actions with the Laser TTP, e.g. 

‘we shine the light up to the ceiling’ (see Sun Salutation poses in Figure 8 in 

Paper II). 

This type of cues enabled them to refer to and address a particular point of 

the performance in the exercise. This articulation of specific actions with the 

technology already captured a host of bodily and movement cues previously 

articulated. For example, the previous Enlightened Yoga cue about making 

the Laser TTP project onto the ceiling was contextualized with previous 

explanations of how particular movements would affect the technology’s 

response: it captured the act of raising from a folding position to a standing 

position with the chest open and pointing up. 

The teachers in BL Strength and Enlightened Yoga considered that this 

economy of cues eased their task of articulating movement cues throughout 

the students’ performance, providing a useful way to refer to particular points 

of it. In addition, teachers in Enlightened Yoga and Super Trouper found that 

these type of cues were particularly useful and highly actionable for those 

students who experienced challenges understanding or acting on cues that 

referred to their body. as articulating cues about the TTPs often prompted in 

the students the actions sought by the teachers. For example, in Super Trouper 
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the instructor found that telling the students to ‘do [this action] to [a particular 

TTP]’, such as keep blowing with the Blower TTP, was easier for the children 

to understand and act on than more nuanced cues such as ‘engage your core 

muscles’. Yet, the former managed to elicit the same student’s action as the 

latter. 

In all the projects, these transformations helped the students understand 

better and act on the teachers’ instructions and feedback. In some cases, 

students also used the TTPs to articulate questions and communicate 

comments. This was particularly prominent in BL Strength, where students 

referred to BodyLights’ projections to ask questions about their performance 

or ask for clarifications on the practice’s norms – e.g., ‘Is the [actuation] 

[stable, straight, aligned, etc] enough?’. 

6.3.2. Attending to and Appreciating Movement  

The TTPs in all the projects enhanced the teachers’ and students’ capacity to 

attend to and appreciate movement qualities and physiological processes and 

to assess performances. The TTPs enabled people to foreground a particular 

movement quality, and work and attend to it. During feedforward and 

feedback, teachers would select a particular movement quality and ask 

students to attend to it. In TTPs that could augment different qualities, such as 

BodyLights, particular ones were foregrounded in particular contexts. For 

example, the PT in BL Strength foregrounded different qualities in different 

exercises and for different people (e.g., positioning of body areas, movement 

pace, or muscle engagement, see Paper IV for detailed examples). 

The augmentations enabled teachers to direct the students’ attentional focus 

to a subdivision of their bodily experience: on specific qualities for a particular 

body area. This transformed the intercorporeal engagements by making that 

quality become the focal point during interaction. While the qualities and 

physiological processes augmented were selected on the basis to their 

relevance for the practice, bringing attention to particular ones could risk 

obfuscating others equally important. To that end, the teachers were central in 

shifting the students’ focus among qualities augmented by the same TTP (e.g., 

movement trajectory, pace, posture, and muscle engagement in BodyLights) 

or in shifting TTPs completely among exercises (in Super Trouper). They also 

drew the students’ attention to other qualities and processes not augmented by 

the TTPs. 

Overall, these augmentations helped the students become more aware of 

their own movement and their teachers’, and hence they were able to better 

understand cues and act on them. In Enlightened Yoga and BL Strength, 

students also commented that they became more aware of the importance of 

particular qualities for a given exercise or pose. In Super Trouper, the TTPs 

helped children focus on particular movement qualities and processes and 

work on them, which was difficult to achieve otherwise. 
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Another transformation to the intercorporeal engagements was that the 

designs brought a deepened appreciation of the performance in normative 

terms. This happened once the TTP’s actuation was ascribed particular 

meanings in regard to the sought movement aesthetics. Some students, 

experienced that the actuation aligned with their felt sensations during 

performance and gave them a new means to appreciate it. Specifically, several 

people in BL Strength felt that BodyLights worked like a mirror, reflecting 

their own body movement so they could observe how they moved. 

This deepened appreciation sometimes elicited mismatches between their 

own felt sensations on their performance and the technology’s actuation. This 

experience resulted in a defamiliarization between first- and third-person 

perspectives regarding their own movement. For example, several students in 

BL Strength realized, by means of the BodyLights’ projection, that particular 

aspects of their performance (e.g., alignment and pace) were different from 

how they actually experienced them, bringing them to new understandings of 

their own performance. 

The deeper appreciation of these qualities also helped teachers and students 

make performance assessments and identify errors. The teachers’ 

connections between desired and undesired performances and actuation 

responses enabled students to assess whether their own performance was 

correct, as well as to identify potential errors if the technology response did 

not match the teacher’s instructions. The same effect was experienced by the 

teachers, who in addition to assessing and identifying errors were able to 

articulate relevant subsequently feedforward and feedback cues. 

6.3.3. Acting on Instructions and Feedback 

With the increased movement awareness and understanding of feedforward 

and feedback cues that the TTPs brought, several students felt that their 

capacity for acting on the communicated movement was enhanced. 

A transformation that related to how students acted on movement included 

the attempt to imitate the teachers’ performance with the TTPs, trying to 

reproduce the instructed bodily movements and desired actuation’s 

response. The augmentations offered students a benchmark on how to move, 

which was experienced both as a reminder of the teachers’ cues and as a guide. 

Students in the projects reported that their capacity to understand and act on 

what was instructed improved with the benchmark that the TTPs offered. 

Furthermore, in Enlightened Yoga and some instances in Super Trouper, 

students could appreciate theirs and the others’ actuations simultaneously (i.e., 

more than one person wore the same TTP at the same time). They were able 

to compare their augmentation with that of the other students at the same time, 

prompting them to adapt their performance if they deemed it necessary. This 

was experienced both by teachers and students as the technology serving in a 
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co-supervisory role: it kept the feedforward and feedback cues present 

throughout the performance, as well as the exercise’s norms. 

A final transformation resulted from the technology use: acting on cues that 

referred only to actions to be performed with the TTPs served to prompt 

particular performances, even if the students were not consciously trying to. 

The prior example with the Blower TTP and the cue to keep blowing 

illustrates this, as does an example in BL Strength, where a cue about ‘keeping 

the light stable’ helped students stabilize their core muscles and trunk 

movement. This was particularly useful and actionable for students who 

experienced challenges understanding and acting on bodily cues. 

6.4. Concluding Remarks 

In this chapter, I have presented the contributions of my work encompassed 

under the design approach designing for intercorporeality. I have presented 

the aesthetic ideals that the design approach seeks and incorporates. I have 

elaborated on how I have been able to incorporate such aesthetics in the 

interaction designs: through the design and use of intercorporeal biofeedback 

artefacts, which I articulate as a strong concept. Finally, I have presented the 

transformations to the intercorporeal engagements fostered by the designs, 

and the effects they have had on the participants’ experience. These show the 

design approach’s capacity to enhance how people teach and learn movement 

in social and situated movement practices. 
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Chapter 7. Discussion 

In this chapter, I discuss designing for intercorporeality as an interaction 

design approach to technology-supported movement learning. I also discuss 

the knowledge contribution forms of this dissertation. 

7.1. Reflections on Designing for Intercorporeality 

In this section, I reflect on the contribution of my work by elaborating on the 

consistency of the design approach, its generativity both in regard to my work 

and in relation to others’ works, and its scope and limitations. 

7.1.1. Consistency 

Discussing the design approach in terms of its consistency allows me to reflect 

on which of its aspects are stable and which have been variable, depending on 

the particular movement learning practice and situation. This serves to 

spotlight important considerations on how to engage with the design approach 

when designing for established movement learning practices. 

The three design projects of my work serve to show that particular aspects 

of the design approach have been stable during design work - throughout 

different practices, projects, and people. These aspects that are stable include 

the aesthetic ideals of the design approach, the interactive behaviours spurred 

between people and technology, and the dynamics of transformation. I have 

considered these consistent aspects to be the defining characteristics of the 

design approach (see Chapter 6). 

Yet, throughout my empirical work, I encountered other aspects of the 

approach that were open for more variability. This variability is intrinsically 

tied to the domain with which I have worked: dependant on the particular 

movement learning practices (culture, norms, and values) and the individual 

particularities of the people involved (e.g., teaching styles, students’ needs, 

and capabilities). 

This variability concerns the rigidity of the normative movement 

aesthetics: the extent to which norms are pursued in intercorporeal 

engagements. This impacts how the normative movement aesthetics are 

discernible in the designs. In addition, the variability also concerns other 

aesthetic ideals beyond those shared and encompassed in the design approach. 
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This variability has served to probe the potency and consistency of the 

design approach. It has also manifested fluctuations among the design projects 

that were inherent to the practice and target groups. I reflect on this variability 

and how I, as a designer, have addressed it by designing more or less open 

technology uses, leaving more or less room for appropriation and re-

interpretation by the people interacting with the technology. 

Normative Movement Aesthetics and Other Aesthetic Ideals 

A core aesthetic ideal of the design approach refers to the normative 

movement aesthetics of the practice, which are incorporated and are 

discernible through the resulting designs. Yet, variability exists in the way and 

extent in which a practice’s norms are pursued. Particular practices feature 

different norms and values. Further, individual teachers might favour different 

teaching styles and have different expectations towards the students’ 

performance, which also affect the normative movement aesthetics. 

Variability in this regard might even be present within the same practice and 

project, e.g., among different students. These differences result in variability 

in how the normative movement aesthetics are discernible in the designs: 

some designs address rigid norms, feature more feedforward and feedback and 

encourage more corrections. Others address more flexible, lenient norms. 

The three design projects in my work illustrate this. These design projects 

can be positioned in a spectrum in regard to the rigidity of their norms. On one 

end of the spectrum, BL Strength (Paper IV) relies on very rigid norms, i.e. 

the normative movement aesthetics permeated and were discernible 

throughout the intercorporeal engagements between teachers and students.  

Strength training features intricate movement patterns that need to be 

performed in very specific ways (e.g., with particular positionings and 

movement patterns). Although these admit slight variations (e.g. to address 

individual capabilities), the basic body positioning and movement patterns of 

an exercise are fairly rigid as to render it safe and effective for strength 

development. In addition, strength training foregrounds safety, which is 

deeply intertwined with correctness of performance.  

In BL Strength, the inherent rigidity of the movement practice, coupled 

with the personal trainer’s focus on safety and technique, geared the 

intercorporeal engagements with BodyLights towards articulating, 

communicating, understanding, enacting, and assessing the correctness of a 

performance. A strong emphasis was put on understanding and avoiding 

common errors as well as on identifying and correcting them. 

The project featured certain variability in regard to which aspects of the 

norms were emphasized and how they were addressed, depending on the skill 

level of the student. For example, as elaborated on Paper IV, the PT would use 

BodyLights to emphasize different movement qualities during an exercise 

depending on the student’s skill level – e.g., orienting inexperienced ones to 

the basic positioning, and more advanced ones to more nuanced movement 
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qualities such as muscle engagement or pace. However, the rigidity of the 

norms was present throughout the experience for every student. 

Compared to BL Strength, the norms in Enlightened Yoga (Paper II) were 

less rigid. Throughout the design phase, the instructor foregrounded the aim 

of teaching and learning yoga as a way to deepen the appreciation of one’s 

body - through the performance of the poses. As yoga is often viewed as a 

life-long journey of self-discovery, somaesthetic appreciation, and skill 

development (Baptiste, 2016), one can always “get better” at practicing yoga. 

Hence, rather than qualifying correct and incorrect performances in absolute 

terms, yoga presents multiple and different norms for its poses, which cater to 

different bodies, capabilities, and skill levels. Rather, yoga seeks to deepen 

the appreciation of one’s movement both in terms of its abilities and its 

limitations. 

The Enlightened Yoga instructor sought to deepen the students’ own body 

appreciation by focusing on technique. The normative movement aesthetics 

were mostly discernible through the instructor’s feedforward cues and 

demonstrations. He focused on how to perform a pose by centring the 

students’ attention on subdivisions of the poses’ movements (e.g., regarding 

specific body areas or movement qualities). He would go through the pose’s 

different steps, showing how different body areas, alignments and movements 

related and affected each other throughout the movement. The Laser TTP was 

used to help deepen the articulation and appreciation of these aspects. 

During assessment and feedback, the instructor did not openly qualify 

students’ performances as correct or incorrect nor did he address single 

individuals with corrective feedback. Rather, as he performed the exercises at 

the same time as the students, he often weaved into his demonstrations and 

cues reminders of the poses’ norms that he had already instructed. He did so 

by, for example, saying ‘remember to [do a particular movement, keep a 

particular alignment, breathe, and so forth]’ to the class as a whole. Students 

commented that they would use their Laser TTP’s visualization to compare in 

real time their performance with their fellow students’ performances. This, 

coupled with the instructor’s reminders, often allowed them to adjust their 

performance if they themselves deemed it inaccurate. However, deviations 

from the norm that the instructor had demonstrated were often not addressed. 

The focus was rather put on understanding the movement mechanics and 

patterns behind each pose. 

In addition, Enlightened Yoga featured other aesthetic ideals beyond the 

normative ones. The intercorporeal engagements were often geared towards 

creating a rhythmic flow in the exercises, a synchrony between the 

participants’ movements, and to make the movements beautiful. These were 

anchored in the instructor’s teaching style and the yoga practice itself. Hence, 

it was important that the designed technology, the Laser TTP, could also 

address these. For example, the technology was used to cue the movement 

pace and create a rhythm, such as in breathing exercises, where the 
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projection’s trajectory on the ceiling, created by the rise and fall of the chest 

when breathing, was used to cue inhaling and exhaling patterns. Creating this 

rhythm often brought about pleasant, mesmerizing experience of “seeing 

oneself moving” alongside each other. 

Finally, Super Trouper is the example of my work where the practice norms 

were laxer. In this particular case, this was less due to the circus practice than 

due to the target group. The normative movement aesthetics were mainly 

discernible in the instructor’s feedforward cues: when they communicated to 

the children how to perform a particular exercise. During the children’s 

performance, performance deviations from the instructed one were addressed 

mostly if they posed safety issues or as a way to focus the children on the 

particular exercise (if their attention wandered). 

However, instructors were not keen on making the children adhere to very 

rigid norms, as frequent corrective feedback risked discouraging them from 

engaging with the training activity and could negatively impact their self-

confidence and motivation. Rather, other aspects beyond correctness of 

performance were foregrounded during feedback, such as complementing 

their performance, reminding children to focus on appreciating particular 

movement qualities or encouraging a prolonged engagement. 

In addition, Super Trouper strongly featured other aesthetic ideals: 

playfulness and movement exploration were sought as ways to engage 

children with the movement learning activities and make them enjoyable. The 

TTPs fostered (or could be included) in playful activities and explorations, 

and we often used them in game-like movement activities (see supporting 

Paper X) and allowed children to play around with them and explore them on 

their own. We also encouraged children to come up with their own training 

activities (see supporting Paper IX), as a way to engage them in their own 

movement learning. 

The three design projects illustrate the capacity of the design approach to 

foster normative movement aesthetics in practices with different rigidity 

levels on their norms. As designers, we should orchestrate movement learning 

experiences with attention on the variability of the normative aesthetics in the 

particular practices, and on how additional aesthetics will influence our 

designs. The capacity of the designs to address this variability is underpinned 

both by the technology characteristics (discussed in Chapter 6), but also by 

design considerations about their use, upon which I elaborate next. 

Designing Use Through Design and Use 

To address the variability in regards to the aesthetics above described, as a 

designer I have found it useful to consider designing use through design and 

designing use through use (Redström, 2017). The design approach that I have 

explored features both as a way to address the tension between a practice’s 

norms and the situated realities of people teaching and learning. For example, 

all my design projects featured design phases where I, together with several 
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co-designers, designed the intended uses of the TTPs in the practice. We did 

this by considering its use and value in different exercises of the practice, so 

as to achieve the sought normative movement aesthetics and other aesthetic 

values. For example, in Enlightened Yoga (Paper II), we explored what key 

movement trajectories we wanted to visualize for each pose, settled on where 

to best wear the Laser TTP for that purpose, sketched what type of instructions 

the instructor could give, and allocated initial meanings on what particular 

visualizations meant in terms of the pose’s norms (e.g., identifying desired 

visualizations that showed undesired errors). Yet, we also tried to orchestrate 

a rhythmic and flowing sequence of exercises that could be beautiful and 

pleasant to perform. 

It can be argued that acts of appropriation, of designing use through use, 

happen in any interaction design project that involves user studies – i.e., 

featuring people’s engagement with the designed artefacts. However, 

designing for intercorporeality openly and directly embraces it as a resource 

in design to cater to the fluctuating and situated contexts of movement 

learning. The design approach acknowledges from early design phases the 

intended use (i.e., the designers envisioned use of a technology) will be 

adapted and tailored to specific situations through the intercorporeal 

engagements between teachers and students.  

As Redström (2017) says, these ‘acts outside the design process’ bring 

forward an inherent uncertainty. To fully acknowledge and work with such 

uncertainty, the technological characteristics before mentioned (in Chapter 6, 

and in particular their open-endedness) were key. Furthermore, it was essential 

to involve expert teachers throughout the design process, to sensitize them to 

the technological material, and to allow them to explore how they could use it 

in their teaching practice (see Chapter 4). 

During the intercorporeal engagements between teachers and students, the 

initially allocated meanings and ascribed courses of action during design were 

adapted and re-negotiated to suit contextual and individual needs, 

exemplifying and substantiating how designing use through use was an 

integral part of the overall design methodology. The design project Papers II–

IV, and supporting Paper IX elaborate on these. 

Although all the design projects featured both designing use through design 

and through use, each of the projects favoured one of those approaches and 

therefore they could be positioned at different places in Redström’s (2017) 

spectrum of designing use through design and designing use through use 

(elaborated on Chapter 4). This depended on what I and other co-designers 

considered would be best suited to address a particular project’s context. 

At one end, Super Trouper (Paper III) serves as an example of designing 

for intercorporeality in movement learning situations that feature significant 

uncertainty in terms of how much the situated activities will adhere to the 

practice’s norms. In Super Trouper, it was during the situated training sessions 

that the instructors decided, on the spot, to which extent to pursue the norms, 
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depending on each individual child and their needs. These needs were in 

themselves often situated and highly individual, and varied between sessions. 

As they were difficult to predict, they were difficult to address during design 

phases without children. These elements made us favour designing use 

through use more than in the other projects. Initial intended uses of each TTP 

were envisioned and discussed with the circus instructors, both during the 

technology design phase and before the training course (see supporting Papers 

VIII and IX). However, these intended uses were more open and exploratory 

and less defined than in the other projects, as we expected significant acts of 

appropriation. This resulted in a wide variety TTPs’ uses for different 

exercises (see Paper III and supporting Paper IX), many of which were 

particular to a small group of children or even to an individual child. This also 

allowed us to incorporate and cater to other aesthetic ideals that emerged 

during the course and were important beyond the normative ones, such 

playfulness and movement exploration. 

At the other end of the spectrum, BL Strength (Paper IV) serves as an 

example of designing for intercorporeality in a movement learning situation 

with very rigid norms and little room for variation. Therefore, we strongly 

favoured designing use through design. BL Strength featured an extensive 

hands-on design phase where particular exercises were selected and 

thoroughly explored with BodyLights. I and other co-designers determined 

the technology’s position on the body and its use in each exercise, and we 

collectively favoured making the intended use and the actual use as similar as 

possible, so as to ensure we adequately addressed the practice’s norms and 

safety requirements. The use of BodyLights was precisely defined and crafted 

so it would address important performance aspects and common errors, as well 

as benefit a majority of expected students. As such, the BodyLights’ uses in 

each exercise were not open for radical changes during actual use.  

The favoured designing use through design can be observed in the way the 

designed exercises were documented in training cards for the PT to facilitate 

the user studies (Figure 3, right), which specified where to wear BodyLights, 

the projection angle, and what particular actuation’s behaviours meant in 

terms of the sought normative aesthetics. 

Yet, as in the other design projects, in BL Strength we also considered from 

the start that the designed uses of BodyLights would most likely have to be 

adapted to address individual students and contexts. Adaptations were 

observed during the evaluative studies, where the PT’s experience, knowledge 

of the technology, and familiarity with the designed uses were key in allowing 

her to come up with meaningful adaptations on the spot (see Paper IV). Yet, 

these adaptations only differed slightly from the designed exercises with 

BodyLights. 

Finally, Enlightened Yoga (Paper II), as an example of designing for 

intercorporeality, lays somewhere in between in the spectrum of designing use 

through design and use. Just as BL Strength, it featured hand-on design phases 
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where I and other co-designers explored the Laser TTP’s use in different yoga 

poses and curated a full working class. However, it featured more laxed 

requirements on correctness of performance than in BL Strength. This and the 

greater focus on creating a flowing and aesthetically pleasing sequences of 

movements made the Laser TTP’s use design in the exercises to be a bit more 

open. This less defined use of the technology is reflected in the documentation 

of the sequence of poses with Laser TTP, which the yoga instructor drew using 

rough sketches (see Figure 3, left). During the class that served as evaluative 

study, the instructor used these sketches to remind himself of the sequence of 

poses and the overall use of the technology, but he came up with his own 

variations and adaptations of the poses and the instructional cues on-spot.  

 
 

Figure 3. Two images showing the differences in documentation of the sketched 
class in Enlightened Yoga (left) and a designed exercise in BL Strength (right). 
Super Trouper did not include more documentation than the recordings of 
discussions. These serves to illustrates differences of use design across projects. 

Through the three design projects of my work, it becomes apparent the 

variability in aesthetics among practices. In this sub-section, I have reflected 

on this variability, and how I have tackled when designing for 

intercorporeality. 

7.1.2. Generativity 

As a design approach, it is important to reflect on the generativity of designing 

for intercorporeality: the potency that the design approach has on generating 

viable new designs. Below, I do this by reflecting on my own design work and 

its relation to others’ works. 

TTPs as Generative of Use Design 

Within the scope of my own work, the design approach has generated multiple 

design examples (i.e., the three design projects, Papers II–IV). These 

examples have involved different practices, interactive artefacts, and 

participants. They have successfully addressed the design approach’s aim to 
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enhance how people teach and learn movement in social and situated 

movement practices. Yet, particular TTPs have arguably been more generative 

in terms of being used in more practices and exercises. In particular, 

BodyLights and its early variations (versions of the Laser TTP featured in 

Enlightened Yoga and Super Trouper) have supported the aesthetic ideals 

better and have often been preferred by teachers and students. 

Therefore, exploring the factors that might underpin this preference could 

be valuable. First, BodyLights is the only TTP that can augment multiple 

movement qualities simultaneously through the same actuation form. Its 

projection visualizes the movement trajectories of particular body areas in 

space, the relative alignment between body areas and their relation to space, 

movement pace, and finally muscle engagement. This variety means that 

BodyLights can enhance reciprocal perceptibility of a variety of movement 

qualities, rendering the TTP relevant for articulating, communicating, 

understanding, assessing and acting upon a wider variety of qualities than the 

other TTPs. People in the projects were able to address normative movement 

aesthetics in regard to more movement qualities and hence construct a wider 

variety of meanings and actions upon the biofeedback actuation.  

BodyLights’ technical simplicity enables it to be worn in a variety of body 

areas and with a variety of equipment. In the projects, this simplicity allowed 

people without technical knowledge (i.e., the participants) to easily 

manipulate it and explore it both during design and evaluation in a hands-on 

manner, spurring their creativity and coming up with their own potential uses 

for their practice.  

Additionally, BodyLights was successful in addressing other aesthetic 

ideals. In Enlightened Yoga, for example, students found it to be mesmerizing 

and pleasant to interact with as it helped them create a rhythmic movement 

flow. Similarly, in Super Trouper, both the instructors and the children found 

BodyLights fun to use and it fostered movement exploration and playful 

behaviours (see supporting Papers IX and X). 

Together, all these factors have underpinned BodyLights’ potency to 

generate new use designs in different practices with many different norms, 

addressing different aesthetic ideals and catering to different people, their 

capabilities, and needs. This potency explains why BodyLights is the only 

TTP present in the three design projects of my work. For example, in the 

workshops before Enlightened Yoga (supporting Paper VII), participants and 

myself saw more potential in the Laser TTP out of three different prototypes, 

which motivated exploring it further in the context of a real class. Similarly, 

in early strength training workshops (supporting Paper XI), the PT and the 

other practitioners also preferred it among the variety of TTPs offered, as they 

saw it to have the most potential. 

With regard to the rest of the TTPs, the Blower TTP and the Movement 

TTP were found to be generative of multiple exercises in Super Trouper. Their 

generativity was particularly tied to the target group’s needs. Understanding 
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and acting upon bodily cues was difficult for children in the target group, and 

through these TTPs the instructors were able to prompt children to perform in 

a particular way - by referring to actions to do with the TTPs instead of with 

their bodies. For example, asking children to maintain the Movement TTP in 

a particular colour was a way to make them keep a particular pace. This 

decoupling of instructions that referred to the body and to the TTPs was 

exploited in different exercises (see Paper III and supporting paper IX). 

Finally, other TTPs have shown potential to generate new use designs 

beyond the context of Super Trouper. Initial design explorations with the 

Movement TTP and the FrontBalance TTP in strength training (supporting 

Paper XI) have pointed towards their capacity to mediate intercorporeal 

engagements between different practitioners in different strength training 

exercises. However, further work is needed to elucidate the generative potency 

of these TTPs in other contexts beyond Super Trouper. 

Moving Beyond the Dissertation’s Design Projects 

Generativity beyond the context of my work cannot be fully answered until 

other designers engage with and build upon my work. However, existing work 

within movement learning domains in HCI and IxD can also be related to the 

design approach, hinting at its generativity beyond the empirical work of this 

dissertation. 

One example has been directly inspired by the approach. In a master thesis 

project supervised by myself, Zhu designed a device, TwinkleBands, to 

support movement imitation of the students from the instructors in fast paced, 

choreographed movement learning activities (Zhu & Turmo Vidal, 2021). 

TwinkleBands is a simple wearable artefact that is worn on the four 

extremities and provides a visual colour cue (red or green) that helps people 

discriminate between the two laterals of their own and the other’s bodies. Zhu 

showed that TwinkleBands helped students understand coordinated sequences 

of actions and imitate the instructor’s performance in real time. It also helped 

the instructor communicate feedforward cues. This simple design incorporates 

the aesthetic ideals of the design approach, and it spurs some of the same 

interactive behaviours, such as guiding attention and action and being used as 

an interwoven interactional resource. 

The strong concept intercorporeal biofeedback can be argued to be 

generative outside of the scope of my empirical work by grounding it in 

parallel design work. Other HCI and IxD researchers working with movement 

learning domains have designed biofeedback technologies that have mediated 

the interactions between teachers and students in similar ways. For example, 

Singh et al. (2016) developed a wearable technology for rehabilitation that 

sonifies back-bending degrees. In some of their user tests, the wearable 

technology was employed by physiotherapists to draw the patient’s attention 

to their back-bending capabilities in different functional exercises, as well as 

to jointly explore movement goals and set up exercises for in-home training.  
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Similarly, Park and Lee (2016) developed Motion Echo Snowboard, an 

augmented board with colour coded visualizations of pressure distribution of 

the feet, which enabled snowboard teachers to communicate feedforward and 

feedback cues to a variety of students. Finally, Moran et al. (2016) designed 

ExoPranayama, a shape-changing architectural environment for yoga that is 

actuated by the aggregated breathing of the students. The environment is used 

by the teacher to guide students’ breathing work as they perform different 

yoga poses. Although the reporting of these works does not specifically 

address intercorporeality as a concept, it can be argued that they incorporate 

the same aesthetic ideals as the design approach. 

As I elaborate on Paper V, these systems share characteristics with my own 

designs in terms of the dynamic gestalt they spur. They foster a shared frame 

of reference, they enable a fluid meaning allocation, they guide and are 

employed to guide attention and action, and they are used as interactional 

resource that are successfully interwoven in the interactional fabric of the 

practice. Furthermore, some of their particular technological characteristics 

align with that of the TTPs: they all augment movement qualities or 

physiological parameters that are particularly relevant to the movement 

practice, and they do so through perceptually shared actuation modalities. In 

addition, they synchronize the sensed movement quality or physiological 

process with the actuation form, which is also open-ended.  

All these make me consider them examples of intercorporeal biofeedback 

in other technology-supported movement learning contexts. Looking at them 

as intercorporeal biofeedback artefacts helps to articulate and provide a deeper 

understanding of why these systems succeed: they feature the use of 

biofeedback technologies by teachers and students to jointly build relevant 

meaning and action related to the movement learning practice. They do so in 

ways that enable people to address their own practice’s normative movement 

aesthetics, foster reciprocal perceptibility, and support forms of bodily co-

presence. Considering these as intercorporeal biofeedback artefacts points 

towards the generativity of the strong concept beyond my work. 

Beyond the area of movement learning, the aesthetic ideals presented can 

be relevant and generative for works centred on intercorporeality in other 

movement-centric domains in HCI and IxD. For example, in the domain of 

bodily play experiences, Mueller et al. (2019) proposed a series of design 

strategies to hone and leverage second-person perspectives (see Chapter 3). 

The aesthetic ideals in this dissertation could serve to ground and direct some 

of these strategies. For example, their strategy of exploring the malleability 

and boundaries between intertwined bodies seeks strong forms of 

intercorporeality between players. Their strategy of supporting bodily 

mimicry seeks to enhance reciprocal perceptibility, designing technology to 

enhance the players’ capacity to be attentive to and imitate others’ movements. 

Further work and engagement by the HCI and IxD community interested 

in movement learning and in intercorporeality will be needed to probe the 
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design approach’s boundaries and elucidate its potency in generating new 

designs. 

7.1.3. Scope 

The final reflection on the design approach concerns its scope and therefore 

its limitations. Below I reflect on these, based on the general domain with 

which I have worked, the understanding of movement learning that I have 

incorporated, and the type of interactive artefacts that I have designed. 

A Specific Perspective on the Domain 

My design research process has been strongly influenced by practice-based 

design (Kuutti & Bannon, 2014), as I have explored and articulated the design 

approach in the specific application domain of fitness practices. As I described 

in the aesthetic ideals of my work (Chapter 6), I have taken these practices’ 

culture, norms, and values as good and desirable in design. I have relied on 

their movement norms as something in themselves good and that speak of 

desired forms of bodily enculturation. Relatedly, I have also considered how 

teaching and learning already occurs in these domains as something that can 

be enhanced as the interaction between teachers and students presents 

challenges, but not as something in need of being radically changed or altered. 

Hence, the way through which I have explored and articulated designing 

for intercorporeality has not sought to challenge, upset, or confront these 

practices. This is in itself a normative take and another design research process 

could have taken a more critical perspective. For example, it could probe 

through design some of the known risks in movement learning domains, e.g., 

how movement pedagogy itself often risks normalizing people in a way that 

fails to address non-normative bodies and capabilities (Tinning, 2011) - a risk 

shared with technology design for body-centric domains (Spiel, 2021a).  

In addition, my work does not entail any criticism on the moral ideals and 

values that drive these practices (Morgan, 2002), and approaches the teacher-

student relationship as fulfilling and mutually beneficial, which is not always 

the case (Trajkova et al., 2019). Future work considering a more critical view 

on the domain would serve to probe the boundaries of the design approach. 

In addition to this normative take on my work, my empirical studies have 

all concerned movement learning practices in the domain of fitness. The 

teaching and learning in these practices share many similarities to others in 

movement learning, including sports, rehabilitation, dance, and physical 

education. In fact, the view on movement learning and the relevance of 

intercorporeal engagements that underpin my work (Chapter 2) aligns with 

theoretical and analytical accounts in those other domains (see Ericsson et al., 

1993; Evans, 2017; Jakubowska, 2017; Martin & Sahlström, 2010; Meyer & 

Wedelstaedt, 2017; Rivière et al., 2018). Furthermore, as I described in the 

previous subsection, the design approach’s potential generativity can be 
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related to works in domains other than fitness, such as rehabilitation (e.g., 

Singh et al., 2016), sports (e.g., Park & Lee, 2016), and more meditative yoga 

practices (e.g., Moran et al., 2016). However, future work is needed to 

elucidate how well the design approach addresses other movement learning 

domains, empirically and analytically. Towards this end, we are currently 

exploring with fellow researchers in our group the applicability of the design 

approach in rehabilitation.3 

The fitness practices with which I have worked have featured similar forms 

of bodily co-presence in their intercorporeal engagements. In these practices, 

teachers and students have built meaning and action in a co-operative manner, 

characterized by turn-taking interactions (Goodwin, 2017) and intertwined 

sensorimotor processes and feedback loops that build on one another (Meyer 

et al., 2017). I have articulated the design approach based on this form of 

intercorporeality. Future work is needed to keep exploring the potency of the 

design approach in practices that feature, for example, stronger forms of 

intercorporeality (e.g., partner dance), or other forms of bodily co-presence, 

such as antagonistic (e.g., boxing) or synchronized (e.g., choreographed 

activities). Towards this end, the example of TwinkleBands (Zhu & Turmo 

Vidal, 2021) discussed previously constitutes a first exploration.  

Finally, my work has been scoped by a focus on collocated settings. 

However, some intercorporeal biofeedback artefacts have already been proven 

interesting to bridge collocated and distributed settings. Singh et al. (2016)’s 

wearable for rehabilitation served to bridge a collocated physiotherapy session 

with the distributed setting of training at home. Their device enabled 

physiotherapists and patients during the session to jointly set out goals for at-

home individual training; and enabled the patients to share ad-hoc reflections 

with the researchers, days after training. 

It would be interesting to explore the potential of the design approach to 

bridge collocated and social settings with individual ones, were design goals 

seeking e.g., autonomy, or affordability. It could also be interesting to explore 

the potential of the design approach to support people teaching and learning 

in fully distributed settings, such as Aggarwal et al. (2016)’s rehabilitation 

sessions between a physiotherapist and a patient over video calls. 

A Specific Take on Movement Learning 

My design research process has been strongly influenced by a particular view 

on movement learning, anchored in phenomenology and situated perspectives 

(see Chapter 2). These views suggest that learning can be assumed to occur 

via visible changes in performance (Haibach-Beach et al., 2011), and 

understood in terms of practical accomplishments, which renders it accessible 

 
3 Swedish Research Council, Project Grant number 2020-04843, starting Autumn 2021. More 
information about the project can be found at https://im.uu.se/research/projects/interactive-
machine-learning-for-personalised-physical-training/. 
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for study (Evans, 2013; Jakubowska, 2017; Meyer & Wedelstaedt, 2017). 

Empirically and analytically, these perspectives favour a study of how 

movement teaching and learning takes place by focusing on the micro-level 

context of the practice (i.e., its situated, contextual, and specific situations) 

(Evans, 2013; Meyer & Wedelstaedt, 2017). This focus has enabled me to 

understand how the design approach affects the social and situated activities 

of teaching and learning movement, and how it transforms the in-the-moment 

intercorporeal engagements (see Chapter 6). However, my work has not 

focused on sensorimotor development over longer timeframes, and it is 

currently unclear how the outcomes of the design approach would affect 

movement learning in the long run. 

A design insight from Paper I pointed to the potential of using technology 

as a way to scaffold learning: as a temporary aid to support students in 

developing sensorimotor capabilities and competencies, and which use is 

mean to recede over time. Some insights from BL Strength (Paper IV) align 

with this direction: some students experienced that throughout the three 

workouts they had, they managed to develop a sort of sensorimotor memory 

on how their movement was when BodyLights’ indicated that they performed 

an exercise well or poorly. As they incorporated this lingering perception into 

their current performance, they felt they did not require of BodyLights’ 

feedback for those exercises anymore. 

Beyond these initial insights, there are other ways to conceptualize the role 

of the technology over longer timeframes. For example, some HCI and IxD 

works for sports and fitness have elucubrated on the roles of the technology 

over longer periods. These include designing versatile technology that adapts 

to changing needs and capabilities, and exploring ways to permanently 

integrate a technological solution into a practice (see supporting Paper VI and 

Mencarini et al., 2019b).  

In addition, it would also be worth considering potential risks of lengthy 

technology deployments, such as developing an over reliance or dependency 

on the technology which might hinder the development of sensorimotor 

competencies. All in all, these considerations point towards the need for future 

work to address the question of how the design approach’s outcomes affect 

learning over longer timeframes. 

My work has focused on the intercorporeal engagements between teachers 

and students. This has been motivated by theoretical underpinnings that view 

learning as a process of apprenticeship (Rovegno, 2006). However, movement 

learning does not solely occur in this form of body sociality. Students in a 

social context also learn from other people learning. My empirical and 

analytical work has touched only slightly on the intercorporeal engagements 

between students. In Enlightened Yoga, students did orient to each other’s 

projections of the Laser TTP for guidance and to gauge performance. In the 

initial strength training design explorations with TTPs (supporting Paper XI), 

practitioners with the same skill level used the FrontBalance TTP and the 
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Movement TTP to give feedforward and feedback cues to one another. It 

would be relevant to focus future work on exploring how the design approach 

affects the intercorporeal engagements between students, and whereas the 

transformations are different and bring other effects to their experience. 

Finally, another important consideration concerning the scope of my work 

is that I have made valuations of the design approach based on its dynamics 

of transformation, and the effects it brings to the teaching and learning 

experience of the participants (see Chapter 6). This is grounded in the 

theoretical underpinnings of my work, which foreground human experience 

in movement learning and the role of the body sociality in it (see Chapter 2). 

I have not engaged in comparative studies that rely on metrics that aim at 

making objective evaluations, such as time (e.g., time spent in communicating 

or understanding a cue, or time of recovery of error performances) or quantity 

(e.g., quantity of errors committed or increased number of correct 

performances). Although it could be interesting to explore how the design 

approach affects movement teaching and learning on the basis of such metrics, 

such type of evaluations have been outside of the scope of my dissertation’s 

work. 

A Specific Type of Biofeedback Artefacts 

The evaluative studies with real participants surfaced challenges with respect 

to making a technology like the TTPs available for use outside of the research 

context. While most of the participants (particularly the teachers and students 

in BL Strength and Enlightened Yoga) were interested in further exploring the 

TTPs in their own practice beyond the research studies, they also identified 

current shortcomings. These related to moving from research prototypes to 

fully-fledged research products, and mostly revolved around ease of set-up, 

robustness and autonomy (e.g., battery life). Hence, the design approach’s 

potential for contexts outside of the user studies (where I as designer addressed 

technology shortcomings on the spot) remains underexplored and future work. 

The design of the TTPs’ actuation forms focused on providing information 

on movement qualities, augmenting them through simple representations. For 

example, BodyLights’ laser pointer or cross; FrontBalance’s or Blower TTP’s 

discrete beeps with tonal changes; and Movement TTP’s two colour codes. 

The simplicity of the actuations was deliberate, and offered a way to probe the 

basic idea of designing and using biofeedback augmentations as interactional 

resources. This simplicity proved useful to attain the design goals and enabled 

the TTPs to be used in complex movement learning contexts. Yet, it also 

rendered the TTPs (except BodyLights) limited in terms of how many 

movement qualities and processes each could augment, and in terms of the 

augmentations’ nuance.  

Other examples of intercorporeal biofeedback artefacts have used more 

complex biofeedback representations that also provide information on 

physiological processes, e.g., the nuanced and multicoloured pressure 
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distribution in Motion Echo Snowboard (Park & Lee, 2016) or 

ExoPranayama’s intricate shape changing environment in yoga (Moran et al., 

2016). This variety speaks of the potential of the design approach to foster the 

sought aesthetic ideals through different biofeedback technologies.  

However, future work is needed to further probe the boundaries of 

biofeedback as design material. To this end, I have started to investigate, in 

collaboration with other research groups, the design and use of biofeedback 

technologies that, beyond providing information on movement qualities, are 

also designed to address and affect our emotional states (supporting Paper 

XII), which are in themselves of importance in movement teaching and 

learning (Tinning, 2011). We have explored the potency of metaphorical 

sonifications to alter people’s perception of their own body movement, to help 

them overcome psychological barriers that limit people’s engagement with 

physical activity and subsequently affect performance. This work did not 

feature the teaching and learning setting of the other works in my dissertation. 

However, through the metaphorical sonifications, I (as researcher) and the 

participants were able to jointly attend to specific movement qualities in a 

variety of strength training exercises. We could jointly explore how different 

metaphorical sounds transformed how they and I experienced their movement, 

and we were able to discuss on them.  

This work opens for future work on biofeedback technologies to affect 

intercorporeal engagements in movement learning beyond the dissertation’s 

scope. 

7.2. Reflections on Design Knowledge Contributions 

In this section of the discussion, I reflect on the knowledge contributions of 

this dissertation. The overarching contribution of this dissertation is designing 

for intercorporeality, an interaction design approach to technology-supported 

movement learning. It encompasses particular knowledge contributions that 

serve to characterize it: a set of aesthetic ideals or values that the design 

approach seeks and incorporates; and the particular designs as prototypical 

examples of the type of outcomes that the design approach may bring. It also 

includes the strong concept intercorporeal biofeedback, which foregrounds a 

particular way of designing and using biofeedback technologies to foster the 

aesthetic ideals. Finally, it includes the transformations that the designs bring 

to the intercorporeal engagements, which serve to make valuations on the 

effects brought by the design approach. 

In next subsections, I situate my contributions among related work within 

and outside the movement learning area in HCI and IxD (see Chapter 3), 

discuss how my work relates to and extends it. Second, I reflect on the validity 

of my contributions in light of evaluative criteria for Research through Design.  
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7.2.1. Situating the Contributions 

The work in this dissertation has centred on technology-supported movement 

learning in HCI and IxD, in particular in the fitness domain. It is in this area 

that my contributions may be most impactful. 

First, this dissertation explicitly focuses on the body sociality in design, in 

particular on intercorporeality and the intercorporeal engagements in teaching 

and learning. Prior work in technology-supported movement learning has 

addressed the social contexts of their practices, touching on the interactions 

between teachers and students (e.g., Ludvigsen et al., 2010; Márquez Segura 

et al., 2016c; Mencarini et al., 2019a; Moran et al., 2016; Park & Lee, 2016; 

Singh et al., 2016). Arguably, some of the aspects that these works have 

addressed can be tied to intercorporeality, but none of them has openly 

addressed its intricacies or its relevance for movement learning.  

The design approach can contribute to strands of work in movement 

learning interested in the social interaction between people as mediated, 

supported, or enhanced by technologies. Its knowledge contributions 

(aesthetic ideals and strong concept) can help theoretically and analytically 

ground design work as well as generate new designs in the area. 

This dissertation further contributes to technology-supported movement 

learning with a design approach that contrasts, to some extent, with 

predominant approaches in the area. These predominant approaches are often 

driven by other goals, additional to the improvement of particular 

sensorimotor capabilities and competencies, such as engagement (e.g., 

Martin-Niedecken et al., 2019), autonomy (e.g., Umek et al., 2014), 

accessibility (e.g., Aggravi et al., 2016), and affordability (e.g., Ding et al., 

2015). They are also underpinned by positivistic understandings of movement 

and learning that do not cater to the situated and fluctuating nature of 

movement learning, nor to people’s individual characteristics, capabilities, 

and needs. 

These shortcomings result in that most design work in the area has 

conceptualized the role of technology as a replacement of human expertise. 

The design approach that I contribute suggests an alternative 

conceptualization to the role that our technologies can play in technology-

supported movement learning: as interactional resources that enhance the 

intercorporeal engagements between people, deepening their sensorimotor 

appreciations of the self and the other, and enhancing their capabilities for 

articulating, communicating, understanding, assessing movement and acting 

on relevant movement knowledge. This conceptualization circumvents 

limitations present in other approaches, such as difficulties in addressing the 

ways people adjust their movements to fit situated contexts and practices 

(Höök, 2018); in catering to richness and variety of movements and exercises 

in particular practices and the plurality of bodies, their capabilities, and needs 

(Elvitigala et al., 2019; Spiel, 2021b; Zaczynski & Whitehead, 2014). 
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The particular type of technology that I have designed and used shares with 

alternative strands of work in the area the open-ended characteristic of its 

actuation forms. In contrast to other work on open-ended technologies (Boon, 

M.J.B. et al., 2018; Tholander & Johansson, 2010), that hint at leaving the full 

interpretation of the actuation forms to the users, my work illustrates how 

open-endedness can be used as a resource in designing the technology’s use. 

The three design projects of my work, as I reflected in a previous section of 

this chapter, illustrate how we, as designers, can design the technology’s use 

with more or less open interpretations and courses of actions. My work 

contributes to open-ended technologies for movement learning with a 

practical exploration of and a discussion on how we can actively engage with 

it in design. 

Last, my work contributes to the movement learning area in HCI and IxD 

with intermediate-level knowledge contributions. This is an area where most 

of the contributions are focused on advancing technological capabilities and 

the creation of ultimate particulars to address specific problems in specific 

practices (see Chapter 3). More generic and abstract contributions such as the 

design approach, the aesthetic ideals, and the strong concept can spotlight 

qualities and ways to work with technology that can speak to situations beyond 

particular designs, and that can help shape future design research in the area.  

Although the contributions of this dissertation may be of most relevance to 

the movement learning in HCI and IxD, particular elements of my work can 

be inspiring for people in related movement-centric domains. In particular, my 

work adds to previous design work on intercorporeality (e.g., Cuykendall et 

al., 2015; Eriksson et al., 2020; Höök et al., 2021; Mueller et al., 2019) with a 

theoretical framing on intercorporeality (Chapter 2) and a set of aesthetic 

ideals elicited (Chapter 6). These could serve to ground and provide direction 

to future movement-centric work on intercorporeality.  

Furthermore, some of the design considerations of my work resonate with 

previously articulated design qualities for movement-centric interaction 

design. For example, designing technologies that harmonize with a host of 

perceptual modalities and designing technologies with which people with 

different bodily capabilities can engage (Tholander & Johansson, 2010). Also, 

my work resonates with design qualities that spotlight the centrality of 

collaborating and moving bodies in interaction, and that identify constraints 

that a system puts on the moving body (Fogtmann, 2012).  

These qualities above have been articulated as sensitizing qualities, but 

previous work has not provided directions on how to practically explore or 

implement them in design. My work substantiates them, showing how to 

practically engage with them in a particular movement-centric area.  

My work also contributes to body-centric and movement-centric works 

exploring biofeedback as design material (e.g., Höök et al., 2016; Khut, 2016; 

Núñez-Pacheco & Loke, 2014), with the strong concept intercorporeal 

biofeedback. The strong concept serves to extend the predominant foci of 



 123 

biofeedback on the individual - as a way to represent concealed aspects of our 

bodily selves (Núñez-Pacheco & Loke, 2014) - by capturing how biofeedback 

as design material can also be used in social settings as an interactional 

resource for people to jointly build meaning and action. 

Finally, my work can be seen as contributing to movement teaching and 

learning settings in more general terms, as it proposes a way to address 

common interactional challenges for intercorporeality (presented in Chapter 

2). Through the design and use of intercorporeal biofeedback artefacts, the 

design approach tackles existing interactional challenges in how people teach 

and learn movement in non-technological, social contexts. For instance, the 

biofeedback technologies I have designed help increase the students’ 

awareness of elusive felt sensations, movement qualities and processes, by 

complementing their first-person movement experience with augmented 

feedback. As intercorporeal biofeedback enables a shared frame of reference 

on movement qualities and physiological processes, it may lessen perceptual 

asymmetries between teachers and students; and can help people attune not 

only on their own actions but also on the actions of others.  

Further, using intercorporeal biofeedback artefacts as an interactional 

resource can help people in articulating, communicating, understanding 

movement and acting upon feedforward and feedback. This, in turn, helps 

teachers and students to jointly build relevant intersubjective meanings and 

actions - towards bridging asymmetries in movement literacy between them. 

The dynamics of transformation and the effects that the design approach 

brings (Chapter 6) point towards its potential to tackle these challenges for 

intercorporeality, but more work is needed before fully claiming its efficiency 

and effectiveness in that regard.  

7.2.2. Evaluating the Contributions 

The design knowledge contributions of my work are not objective as my work 

has not concerned itself with the discovery of general truths. My goal has been 

to generate potential solutions that are able to inspire future possibilities 

(Zimmerman et al., 2010). As constructive design research speaks of a creative 

practice, the type of validation that comes from other epistemological stances 

does not hold. Höök and Löwgren (2012) propose a set of criteria to evaluate 

the outcomes of Research through Design, which are the ones that I adopt in 

this dissertation to judge the contributions of my work. 

Contestable 

The contribution of Research through Design has to be contestable: it has to 

be inventive and novel for the design research community, addressing a 

specific design situation with novel approaches and advancing the state of the 

art in the research community. I argue that my work is contestable and 

inventive. The particular design solutions illustrate how my overall design 
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research process has enabled me to develop useful technology for the teaching 

and learning situations with which I have engaged. Furthermore, through the 

articulation of an overarching design approach, I have articulated and 

communicated knowledge contributions of my work in a way that opens for 

other designers to leverage them in further design research. This can help 

advance the state of the art of technology-supported movement learning in 

HCI and IxD. 

The novelty and relevance of my contribution is reflected in the peer-

reviewed published papers included in the thesis (Papers I–IV). It is also 

reflected through how I position my contribution among related work in this 

dissertation (in this chapter, in Chapter 3) and its included papers. 

Defensible 

The contribution of Research through Design also has to be defensible: it must 

be empirically, analytically, and theoretically grounded, and its research 

process and reasoning has to be rigorous and open for critique. 

The empirical grounding of my work consists of the four studies reported 

in Papers I–IV and summarised in Chapter 5. Theoretically and analytically, 

the empirical work is grounded in relevant knowledge from movement 

learning in the domain of fitness and sports, both in the form of theoretical 

accounts and through my collaboration with expert movement teachers. 

Through these collaborations and the evaluative studies, my designs have been 

open for critique by the intended users, which is reflected in the insights from 

the design projects (Papers II–IV). 

The aesthetic ideals of my work are theoretically and analytically grounded 

in the same domain understanding, as well as in empirical insights (Paper I) 

and theoretical accounts of intercorporeality (Chapter 2). The strong concept 

(Paper V), is grounded analytically in empirical material from the design 

projects, and theoretically in perspectives on intercorporeality and movement 

learning that underpin this dissertation. It also grounded in an analysis of 

design examples and knowledge emerging from related design research. The 

contributions of this work are open to critique by the HCI and IxD community 

through the included and supporting publications. 

Substantive 

Finally, the contribution has to be substantive – i.e., it has to be relevant to the 

design-research community so others can build on the outcomes, e.g., using 

the process in other scenarios and/or leveraging the knowledge derived from 

the contributions. One way the contributions of my work can be considered 

substantive and relevant is by considering the ways that the work is 

empirically grounded in multiple practices and its potential to generate 

multiple designs. The engagement with multiple practices has allowed me to 

elicit stable and shared characteristics of the design approach (see Chapter 6) 
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and engage with its variability, which is inherent to the movement learning 

contexts with which I have worked (see Chapter 7). 

The contributions of the dissertation are articulated so as to inspire the 

research community (Gaver, 2012), and they offer ways that others can build 

on or leverage the knowledge produced. The methodological steps, insights, 

and results of the design projects (Papers II–IV and Chapter 6), the aesthetic 

ideals (Chapter 6), the intermediate-level knowledge articulations (Paper V 

and Chapter 6), and the reflections on the design approach (Chapter 7) all offer 

support for designers and researchers working with technology-supported 

movement learning and even other movement-centric domains in HCI and 

IxD. 
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Chapter 8. Conclusion 

Throughout this dissertation, I have presented and reflected on the body of 

work of my PhD studies from a broader angle. I have reflected on the joint 

and overarching contribution of its five included papers (Papers I–V) to the 

wider context of technology-supported movement learning.  

With this dissertation, I aim at contributing to technology-supported 

movement learning in HCI and IxD by exploring and showing how we, as 

interaction designers, can engage with, design for, and add to the body 

sociality in movement teaching and learning. I have explored how interaction 

design can turn its design focus to enhancing how people teach and learn 

movement, and how this shift in focus can yield novel ways to approach 

technology design in the area. 

If we, as designers, are serious about designing and using technologies to 

support people in learning movement, particularly in social and situated 

contexts, we need to expand current design approaches and foci. These are 

mostly driven by technology development, individual learning experiences, 

and quasi-experimental user studies. The work in this dissertation does not 

aim at replacing these, which often strive for additional goals beyond 

sensorimotor development such as fostering engagement, autonomy, 

affordability, or accessibility. Rather, I have aimed to extend and complement 

them, adding to the repertoire of existing design approaches, knowledge, and 

examples of technology-supported movement learning. 

Specifically, my work has focused on designing rich and meaningful 

interactive learning experiences with interactive technology that enhance how 

people teach and learn movement in social, situated settings. This focus is 

covered in the research question that drove my design research work: How 

can interaction design enhance how people teach and learn movement in 

social and situated movement practices? 

I explored this research question through the studies and projects included 

in this dissertation (Papers I–V). In these, I adopted a constructive design 

research approach (Koskinen et al., 2011) based on Research through Design 

as methodology (Gaver, 2012). I focused my design explorations on designing 

for intercorporeality as a central phenomenon for movement learning, and on 

designing and using interactive biofeedback technologies to enhance the 

intercorporeal engagements between teachers and students. The overarching 

contribution of my work, constituting my answer to the research question, is 
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an interaction design approach to technology-supported movement learning, 

which I call designing for intercorporeality.  

The approach suggests the design and use of biofeedback technologies to 

extend people’s perceptions and appreciations of both of their own body 

movement and that of other bodies, and extend their capacity for action, 

articulation and communication. The biofeedback technologies I have 

designed offer perceptually shared, open-ended actuations, and can be used as 

interactional resources by teachers and students to jointly build meaning and 

action - alongside other resources that they already use such as speech, 

gestures, and bodily demonstrations.  

In Chapter 6, I presented the design approach by focusing on its three 

defining characteristics. The first characteristic, the aesthetic ideals of the 

design approach, is grounded in the theoretical underpinnings of 

intercorporeality and movement learning as well as design insights from 

analytical studies (Paper I). They spotlight the aesthetic intentions of my work 

and speak to core ideals that the design approach seeks and incorporates with 

the aim to enhance how people teach and learn movement. The second 

characteristic of the design approach, the strong concept intercorporeal 

biofeedback (Paper V), describes the interactive use patterns of the designed 

technologies shared among the design examples (Papers II–IV) and other 

related works. The strong concept constitutes my response of how I, as a 

designer, have fostered and incorporated the sought aesthetic ideals in my 

interaction designs. The final characteristic of the design approach concerns 

the dynamics of transformation that it elicits on the intercorporeal 

engagements between teachers and students, and the effects it brings to their 

teaching and learning experience. These illustrate how the design approach 

has enhanced how people teach and learn movement in social and situated 

movement learning practices. 

8.1. Towards a Design Program 

I conclude the dissertation by reflecting on how the design approach designing 

for intercorporeality itself can be advanced. In Chapter 7, I discussed how the 

contributions of my work are situated within the movement learning 

community in HCI and IxD, pointing towards how designers in this tradition 

could adopt them in their own design research work. However, I believe that 

the design approach opens up for future engagement that not only applies it 

but also helps evolve it into a more mature knowledge contribution form: a 

design program. I reflect on what would be required for building a foundation 

for such a larger endeavour. 

Constructive design research contributions can be articulated and 

communicated at different levels of abstraction, ranging from particular 

designs to more general theories and fundamental perspectives of what 
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designing is (Redström, 2017). I have situated the design approach as a 

knowledge contribution falling somewhere between a set of specific design 

projects and a full-fledged design program. The design approach I contribute 

is an articulation of design knowledge resulting from a set of interrelated 

design projects, bringing forward a consistent approach to design with shared 

characteristics. Such a design approach can be seen as the seed from which a 

design program, as articulated by Redström (2017), can evolve.  

Design research programs evolve through a series of particular effective 

design examples, what Redström refers to as design experiments. These 

experiments serve to express the program and probe its generative capacity. 

This aligns with how I have worked with the design approach. As with design 

programs, the outcomes of my design projects can be considered “typical” 

examples that the design approach produces, which stay neatly within its 

boundaries.  

This production of typical examples is characteristic of design programs in 

their infancy (Redström, 2017). However, a mature design program goes 

beyond the prototypical examples. Its experiments turn to its edges and 

explore its boundaries, seeking less typical or atypical examples as a way to 

further define the program. It explores what belongs to the program and what 

does not and where it fails to deliver relevant design. Through this drifting, as 

designers we ‘begin to look different as we learn new things, try out new ideas, 

and explore issues we perhaps have not thought so much about before’ 

(Redström, 2017; pg.110). 

For the design approach to mature into a design program, further work 

would be needed to probe and challenge its views and to explore its 

boundaries, which would produce a more stable and nuanced way of seeing 

and acting in design. In Chapter 7, I have reflected on the scope of the design 

approach and hinted how future work could serve to probe its boundaries 

beyond this dissertation’s work. 

Besides design examples, design research programs also incorporate 

intermediate-level knowledge that help guide designers in what things to look 

for, what to pay attention to, and how to practically engage with designing 

(Höök, 2018). These articulations may include design methods and design 

conceptualizations that speak to family resemblances among the outcomes of 

a design program (ibid.). Such articulations, for example, can be strong 

concepts, capturing design patterns of the dynamic gestalt of the designs; or 

experiential qualities (Ståhl et al., 2014), capturing the feel of a system when 

we interact with it. They can also include guidelines, annotated portfolios, and 

other forms of intermediate-level knowledge (Löwgren, 2013). 

The design approach that I have proposed includes one such knowledge 

contribution, the strong concept of intercorporeal biofeedback (Paper V). Yet, 

as shown throughout this dissertation, technology-supported movement 

learning is a rich area, and there are potentially many ways in which to engage 

in designing for it. For the design approach to mature into a design program, 
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there would be a need to further fill it with content that can serve to guide 

designers on how to address intercorporeality in movement learning. Towards 

that end, the overall body of work throughout my PhD provides for more 

generic knowledge contributions other than the particulars: e.g., the methods 

and techniques that I have engaged as designer and detailed in the design 

project papers (Papers II–IV, and supporting Papers VII-IX, and XI), the 

aesthetic ideals, and the chartering of the variability within the domain 

(Chapter 7). Again, these provide more of a starting point. That is, to articulate 

a design program, there would be a need to further specify typical methods 

that are relevant for the program, and produce design conceptualizations that 

further characterize family resemblances within the design outcomes.  

Finally, for the design approach to evolve into a design program, there is a 

need to explore more its fundamental core beliefs and its scope. A main 

characteristic of a design program is that it brings about alternative ways of 

seeing design and designing technology, anchored in particular worldviews 

and design ideals. In this sense, it is a form of design theory – a conversation 

between a worldview and a practice (Søndergaard, 2020). This is discernible, 

for example, in the design programs that have influenced my design approach, 

practice-based design approaches (Kuutti & Bannon, 2014), and soma design 

(Höök, 2018). Both are fundamentally grounded in particular core values, 

beliefs, and theories, which within the program are probed although not 

altered too much. 

The design approach I have presented could be understood as providing an 

alternative way of seeing design and designing technology for technology-

supported movement learning. In particular, it is fundamentally anchored in a 

set of theories and aesthetic ideals that have shaped the design research efforts 

and provided a direction for carrying them out. These could also be seen as 

unlikely to change much if the approach were developed into a full-fledged 

design program. 

The fact that the design approach is strongly geared towards a particular 

area in HCI and IxD (i.e., movement learning) is not in itself a limitation for 

it to eventually evolve into a design program. We are currently seeing design 

programs that are more tightly scoped to particular areas, such as technologies 

for women’s health (Søndergaard, 2020) and crafts in interaction design 

(Tsaknaki, 2017).  

However, for the design approach to develop into a fully-fledged program, 

it needs to be challenged from within, by a wider design research community, 

and populated with further knowledge contributions. There currently exists 

design research work driven by other researchers that focuses on the body 

sociality in movement learning (e.g., Aggarwal et al., 2016; Ludvigsen et al., 

2010; Márquez Segura et al., 2016c; Mencarini, et al., 2019a; Spelmezan, 

2012; Zatoń & Szczepan, 2014), that features aligned aesthetic ideals (e.g., 

Mueller et al., 2019; Zhu & Turmo Vidal, 2021), and that presents similar 

design characteristics (e.g., Moran et al., 2016; Park & Lee, 2016; Singh et al., 
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2016; Tholander & Johansson, 2010). These indicate that furthering the design 

approach into a design program through engagement from the wider 

community would be possible.  

In conclusion, future work engaging with the design approach is needed to 

explore its foundations and disentangle fundamental questions on what 

designing could be under such a program, and to probe its boundaries and the 

extent of its scope. It is my hope that this dissertation can serve as a starting 

point towards such a larger endeavour, and that it can provide resources and 

inspiration for future work in HCI and IxD to design rich, social and 

meaningful technology-supported movement learning experiences. 
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