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ABSTRACT
Interaction designers are increasingly interested in the phys-
ically active human being. However, recent work suggests
that HCI is still at an early stage when it comes to sup-
porting the many virtues of engaging in sports. To advance
this, we present a set of 10 lenses based on virtues aligned
with sports activities to help designers to see physical ac-
tivity not just as a way to prolong life, but as opportunity
for personal growth. The Sports-HCI lenses facilitate learn-
ing how to appreciate a void (Reverie), finding pleasure in
exertion (Pleasure), become humble (Humility), enjoy the
stimulation that comes from fear (Sublime), be more aware
of one’s own body (Oneness), value sacrifice as a chance for
a simpler existence (Sacrifice), bring beauty into the world
through movement (Beauty), see benefit in pain (Pain), fos-
ter consistency for life (Consistency) and welcome patience
(Perseverance). We examined related work and reflected on
our own craft knowledge in order to articulate what oppor-
tunities interactive technology offers to every lens. With
this, we aim to support interaction designers in facilitating
the many virtues of being physically active.
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1
Introduction

HCI researchers and interaction designers in particular are increasingly
interested in supporting exertion experiences. These are experiences
that require significant physical effort from participants (Mueller et al.,
2011), in contrast to the prevalent mouse and keyboard interactions in
the field. In recent years, the increased availability and reduced cost
of sensor systems have led to a plethora of wearables such as smart
sport watches that can track exertion activities. There is also sport
clothing that has sensors embedded to sense bodily responses to exer-
tion activity such as heart rate, allowing for new ways to support the
fitness activity. And there are also game console accessories (one of the
earlier ones being the Nintendo Wii, then the Microsoft Xbox Kinect
and now movement-tracking VR headsets) that sense body movement
to enable exertion sensing in the living room. Technical advancements
like these have led to an increased interest into exertion experiences by
the research community, resulting in the term “Sports-HCI” (Mueller
et al., 2015). However, commentaries have also recently emerged that
highlight that the field has only begun to facilitate the many virtues of
exertion (Höök et al., 2015; Márquez Segura et al., 2016; Segura et al.,
2013).

2
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Introduction 3

We refer to the emerging discussions that criticize how current
investigations in interaction design take a view on exertion that is too
narrow (Marshall and Linehan, 2017; Marshall et al., 2016a; Segura
et al., 2013). Their authors argue that this narrow view is a logical
consequence of the often underlying assumption that people only engage
in exertion activities solely to improve their physical health, therefore
missing out on the many other benefits of being physical active (Höök et
al., 2016; Márquez Segura et al., 2016; Marshall et al., 2016b; Mueller et
al., 2016; Purpura et al., 2011). If exertion only improves physical health,
we could argue that it only helps to defer death. This is commendable,
however, it does not say anything about the fact that exertion can
also improve the quality of life. By taking this aforementioned narrow
assumption, the interaction design community misses out on the chance
to support such improvements to the quality of life. We note that a
similar argument has previously been made in the context of human-
food interaction, where Grimes and Harper have argued to go beyond an
instrumental perspective on the coming together of interaction design
and food to embrace an experiential perspective that celebrates our
food interactions more holistically (2008).

We believe that works in HCI around exercise and health often make
the underlying assumption that the human body can, like the computer,
be seen as a machine (for example, see the early HCI illustration
that depicts the human brain with in- and outputs like a computer
(Card et al., 1983)). However, we believe that by treating the human
body as such a machine, we simplify our embodied existence too much
(Damasio, 1999; Lakoff and Johnson, 1999; Westphal, 2016; Mueller
et al., 2018). We believe that engaging in exertion activities can enrich
the human mind, while the mind guides and reflects upon the exertion
activity, which ultimately helps us to grow as a human being. To help
interaction designers engage with this, we introduce HCI to virtues
aligned with sports activities that stress this important interplay. We
believe that, so far, the role interactive technology can play in this has
been underdeveloped. We believe that interactive technology can be
used to “design sports” (Mueller et al., 2011), and as such, we find that
interaction design features a particular opportunity to develop exertion
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4 Introduction

systems that facilitate personal growth. Facilitating personal growth is
important, as it can help people identify who they are, who they want
to be and how to get there (Kretchmar, 2005; Young, 2014). As such,
we see this article as an attempt to guide designers create interactive
systems that help users to learn something about themselves, who they
want to become and how to get there, through exertion experiences.
We argue that interactive technology offers powerful opportunities to
achieve this, and we hope this article enables a structured discussion
on how this can be realized in the future.

However, so far, there is only limited understanding available on
how to use interactive technology to facilitate personal growth through
exertion experiences (with a few exceptions such as Mueller and Young
(2017) or Mueller and Pell (2016)). To expand this understanding, this
article makes a contribution in the form of a theoretical discussion of a
set of 10 lenses that aim to aid designers who want to create interactive
systems for exertion experiences. Prior work has used lenses before
in order to sharpen interaction designers’ perspectives on embodied
issues (Klemmer and Hartmann, 2006; Dourish, 2001). We are inspired
by this use of lenses. Our hope is that these lenses help designers
take on particular perspectives on exertion experiences when designing
technology. We believe lenses have the particular advantage that they
highlight that designers can take on a range of particular perspectives
on the same phenomena, and that there is no easy “right” or “wrong”
when it comes to designing technology for such phenomena, rather, it
always depends on what kind of perspective one takes. We unpack each
lens into three components in order to provide designers with practical
handles so they can engage with them in their design practice. We
complement them with design examples from either prior work, our
own design practice or fictitious examples to suggest how such thinking
can lead to particular designs.

In particular, our lenses are inspired by the notion of virtues, the
Latinized translation of the Greek word arête, which means “excellence”.
Virtues have been previously discussed in ethical philosophy in general
(MacIntyre, 2013) and sports philosophy in particular (McNamee, 2008;
Young, 2014), as well as in the context of HCI, but mainly to support
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Introduction 5

diverse user groups (Epstein et al., 2013). A virtue is a desirable dis-
position, a tendency to do the right thing in the right time and place
(Young, 2014), however, we caution that it is not possible to reduce a
virtue to a simple design guideline, as it can only be developed by acting
well in varied circumstances. Exertion activities can help to develop
such excellent dispositions, and we argue that interaction design can
support such developments.

Our lenses highlight that exertion experiences can support personal
growth through learning how to appreciate a void (Reverie), find pleasure
in exertion (Pleasure), become humble (Humility), enjoy the stimulation
that comes from fear (Sublime), be more aware of one’s own body
(Oneness), value sacrifice as a chance for a simpler existence (Sacrifice),
bring beauty into the world through movement (Beauty), see benefit
in pain (Pain), foster consistency for life (Consistency) and welcome
patience (Perseverance).

Our set of lenses is only a starting point as a result of our engage-
ment with virtues and our own craft knowledge derived from having
designed exertion experiences for over a decade (Khot et al., 2014; 2015;
Mueller et al., 2011; 2014; 2010b; Pijnappel and Mueller, 2013; 2014).
As such, we focus on lenses that we believe are underexplored and where
technology offers unique opportunities for designers who want to expand
the field. Our goal is to give design practitioners and researchers a set of
directions to think about when they approach designing new sports-HCI
experiences and a language for describing current ones. By letting the
lenses emerge out of existing examples, we hope we enable the creation
of new lenses and refinement of the existing ones. Our work therefore
supplements other discussions that aim to drive the field forward (such
as a game perspective (Linehan et al., 2015) or a health perspective
used to critique the field (Marshall and Linehan, 2017)).

The target audience for this article is design practitioners who want
to create better interactive exertion experiences. Researchers can also
use this article to analyze exertion systems in order to understand what
virtues they potentially facilitate, providing them with a structured ap-
proach to discuss technology-augmented exertion experiences, allowing
to go beyond single perspectives such as calorie expenditure as frame

Full text available at: http://dx.doi.org/10.1561/1100000076



6 Introduction

of analysis (for a critique of such approaches see Marshall and Linehan
(2017)). If we would continue to engage such a single-perspective on
exertion experiences, we believe that the field will not be able to grow
and reach its full potential. This will result in users missing out on
profiting from the many benefits associated with exertion.

In summary, we have articulated the need for a new approach to
the design of exertion experiences. We have also explained the reason
why we look at virtues. In the next section, we will describe related
work and what we have learned from this. In the section that follows we
present our set of lenses. These lenses are accompanied by particular
opportunities interactive technology offers to designers; as such, with
our work, we aim to highlight how new technology enables novel ways
to support old virtues. We also articulate examples of this thinking
in practice from our own work in the field and other people’s design
examples.

Full text available at: http://dx.doi.org/10.1561/1100000076



References

Abowd, G. D., A. K. Dey, P. J. Brown, N. Davies, M. Smith, and
P. Steggles. 1999. Towards a better understanding of context and
context-awareness. Springer.

Altimira, D., F. Mueller, J. Clarke, G. Lee, M. Billinghurst, and C.
Bartneck. 2016. “Digitally Augmenting Sports: An Opportunity
for Exploring and Understanding Novel Balancing Techniques”. In:
Proceedings of the 2016 CHI Conference on Human Factors in
Computing Systems. 1681–1691.

Benford, S., C. Greenhalgh, G. Giannachi, B. Walker, J. Marshall, and
T. Rodden. 2012. “Uncomfortable interactions”. In: Proceedings of
the 2012 ACM annual conference on Human Factors in Computing
Systems. Austin, Texas, USA. 2005-2014. doi: 10.1145/2207676.
2208347.

Bianchi-Berthouze, N. 2013. “Understanding the role of body movement
in player engagement”. Human-Computer Interaction. 28(1): 40–75.

Bogost, I. 2006. “Persuasive Games: Wii’s Revolution is in the Past”.
Retrieved from http://www.seriousgamessource.com/features/
feature_112806_wii_1.php.

Brooklyn Ballet Hacks. 2014. “"The Nutcracker", With Wearable-Tech
Tutus”. Retrieved from http://thecreatorsproject.vice.com/blog/
brooklyn-ballet-kicks-off-tonight-with-wearable-enhanced-techno-
tutus.

55

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/2207676.2208347
http://dx.doi.org/10.1145/2207676.2208347
http://www.seriousgamessource.com/features/feature_112806_wii_1.php
http://www.seriousgamessource.com/features/feature_112806_wii_1.php
http://thecreatorsproject.vice.com/blog/brooklyn-ballet-kicks-off-tonight-with-wearable-enhanced-techno-tutus
http://thecreatorsproject.vice.com/blog/brooklyn-ballet-kicks-off-tonight-with-wearable-enhanced-techno-tutus
http://thecreatorsproject.vice.com/blog/brooklyn-ballet-kicks-off-tonight-with-wearable-enhanced-techno-tutus


56 References

Byrne, R., J. Marshall, and F. Mueller. 2016. “Designing the Vertigo Ex-
perience: Vertigo as a Design Resource for Digital Bodily Play”. In:
Proceedings of the TEI ’16: Tenth International Conference on Tan-
gible, Embedded, and Embodied Interaction, Eindhoven. Netherlands.
296–303. doi: 10.1145/2839462.2839465.

C3Health. 2009. “Review of physical activity and health”. Retrieved
from http://www.c3health.org/wp-content/uploads/2009/09/C3-
review-of-physical-activity-and-health-v-1-20110603.pdf.

Cadick, J., M. Capelli-Schellpfeffer, and D. K. Neitzel. 2006. Electrical
safety handbook (4th ed.) McGraw-Hill.

Card, S. K., A. Newell, and T. P. Moran. 1983. The Psychology of
Human-Computer Interaction: L. Erlbaum Associates Inc.

Centers for Disease Control and Prevention. “The benefits of physical
activity”. Retrieved from http://www.cdc.gov/physicalactivity/
basics/pa-health/index.htm.

Clayton, R. W., C. H. Thomas, B. Singh, and D. E. Winkel. 2015. “Exer-
cise as a Means of Reducing Perceptions of Work-Family Conflict: A
Test of the Roles of Self-Efficacy and Psychological Strain”. Human
Resource Management. 54(6): 1013–1035.

Consolvo, S., P. Klasnja, D. W. McDonald, and J. A. Landay. 2012.
“Designing for Healthy Lifestyles: Design Considerations for Mobile
Technologies to Encourage Consumer Health and Wellness”. Human–
Computer Interaction. 6(3-4): 167–315.

Consolvo, S., D. W. McDonald, T. Toscos, M. Y. Chen, J. Froehlich,
and B. Harrison. 2008. “Activity sensing in the wild: a field trial of
ubifit garden”. In: Proceedings of the Conference on Human Factors
and Computing Systems: CHI ’08. Florence, Italy. 1797–1806.

Cox, E. P., N. O’Dwyer, R. Cook, M. Vetter, H. L. Cheng, K. Rooney,
and H. O’Connor. 2015. “Relationship between physical activity
and cognitive function in apparently healthy young to middle-aged
adults: A systematic review”. Journal of Science and Medicine in
Sport.

Crytek. 2016. “The Climb”. Retrieved from http://www.theclimbgame.
com.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/2839462.2839465
http://www.c3health.org/wp-content/uploads/2009/09/C3-review-of-physical-activity-and-health-v-1-20110603.pdf
http://www.c3health.org/wp-content/uploads/2009/09/C3-review-of-physical-activity-and-health-v-1-20110603.pdf
http://www.cdc.gov/physicalactivity/basics/pa-health/index.htm
http://www.cdc.gov/physicalactivity/basics/pa-health/index.htm
http://www.theclimbgame.com
http://www.theclimbgame.com


References 57

Csikszentmihalyi, M. 1990. Flow: The psychology of optimal performance.
New York: Harper and Row.

Cuthbertson, A. 2015. “Brand Killer: Augmented reality goggles create
real-world AdBlock”. Retrieved from http://www.ibtimes.co.uk/
brand-killer-augmented-reality-goggles-create-real-world-adblock-
1484844.

Damasio, A. R. 1999. “The feeling of what happens: Body and emotion
in the making of consciousness: Vintage”.

de Oliveira, R. and N. Oliver. 2008. “TripleBeat: enhancing exercise
performance with persuasion. MobileHCI ’08”. In: Proceedings of the
10th international conference on Human computer interaction with
mobile devices and services. Amsterdam, The Netherlands. 255–264.

Dewey, J. 2005. Art as experience. Penguin.
Dey, A. 2016. “Where the *#*$% is my walk in the woods?” Ubicomp’16

Plenary talk.
Dietrich, A. 2006. “Transient hypofrontality as a mechanism for the

psychological effects of exercise”. Psychiatry Research. 145(1): 79–83.
Dourish, P. 2001. Where the Action Is: The Foundations of Embodied

Interaction. Boston, MA, USA: MIT Press.
Epstein, D. A., A. Borning, and J. Fogarty. 2013. “Fine-grained sharing

of sensed physical activity: a value sensitive approach”. In: Proceed-
ings of the 2013 ACM international joint conference on Pervasive
and ubiquitous computing. ACM. 489–498.

Gerling, K. M., M. Miller, R. L. Mandryk, M. V. Birk, and J. D. Smed-
dinck. 2014. “Effects of balancing for physical abilities on player
performance, experience and self-esteem in exergames”. In: Proceed-
ings of the SIGCHI Conference on Human Factors in Computing
Systems. 2201–2210.

Glass Dance. 2015. Retrieved from http://www.peppersghost.org/
?page_id=45.

Grimes, A. and R. Harper. 2008. “Celebratory technology: new directions
for food research in HCI”. In: Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems (CHI ’08). ACM. New
York, NY, USA. 467–476. doi: https://doi.org/10.1145/1357054.
1357130.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://www.ibtimes.co.uk/brand-killer-augmented-reality-goggles-create-real-world-adblock-1484844
http://www.ibtimes.co.uk/brand-killer-augmented-reality-goggles-create-real-world-adblock-1484844
http://www.ibtimes.co.uk/brand-killer-augmented-reality-goggles-create-real-world-adblock-1484844
http://www.peppersghost.org/?page_id=45
http://www.peppersghost.org/?page_id=45
http://dx.doi.org/https://doi.org/10.1145/1357054.1357130
http://dx.doi.org/https://doi.org/10.1145/1357054.1357130


58 References

Häkkilä, J., Ventä-Olkkonen, L., Shi, H., Karvonen, V., He, Y., and
Häyrynen, M. 2013. “Jogging in a virtual city”. In: Proceedings of
the MUM 2013. ACM.

Hamalainen, P., J. Marshall, R. Kajastila, R. Byrne, and F. Mueller.
2015. “Utilizing Gravity in Movement-Based Games and Play”. In:
Proceedings of the 2015 Annual Symposium on Computer-Human
Interaction in Play. London, United Kingdom. 67–77. doi: 10.1145/
2793107.2793110.

Harper, R., T. Rodden, Y. Rogers, and A. Sellen. 2008. “Being Human:
HCI in the Year 2020”. Microsoft Research.

Harter, S. 2015. “The construction of the self: Developmental and
sociocultural foundations”. Guilford Publications.

Hollan, J. and S. Stornetta. 1992. Beyond being there. ACM Press.
Retrieved from citeulike-article-id:255697. doi: http://dx.doi.org/
10.1145/142750.142769.

Höök, K., M. Jonsson, A. Ståhl, and J. Mercurio. 2016. “Somaesthetic
Appreciation Design”. In: Proceedings of the 2016 CHI Conference
on Human Factors in Computing Systems. ACM. 3131–3142.

Höök, K., A. Ståhl, M. Jonsson, J. Mercurio, A. Karlsson, and E.-C. B.
Johnson. 2015. “Somaesthetic design”. interactions. 22(4): 26–33.

Huerga, R. S., J. Lade, and F. Mueller. 2016. “Designing Play to
Support Hospitalized Children”. In: Proceedings of the 2016 Annual
Symposium on Computer-Human Interaction in Play. Austin, Texas,
USA. 401–412. doi: 10.1145/2967934.2968106.

Hume, D. 2012. “A treatise of human nature. Courier Corporation”.
Isbister, K. and F. Mueller. 2014. “Guidelines for the Design of Movement-

Based Games and Their Relevance to HCI”. Human–Computer
Interaction. 30(3-4): 366–399.

Izuta, O., T. Sato, S. Kodama, and H. Koike. 2010. “Bouncing Star
project: design and development of augmented sports application
using a ball including electronic and wireless modules”. In: Proceed-
ings of the 1st Augmented Human International Conference, Megève.
France. 1–7. doi: 10.1145/1785455.1785477.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/2793107.2793110
http://dx.doi.org/10.1145/2793107.2793110
http://dx.doi.org/http://dx.doi.org/10.1145/142750.142769
http://dx.doi.org/http://dx.doi.org/10.1145/142750.142769
http://dx.doi.org/10.1145/2967934.2968106
http://dx.doi.org/10.1145/1785455.1785477


References 59

Jackson, S. and M. Csikszentmihalyi. 1999. Flow in sports: The keys to
optimal experiences and performances. Champaign, IL, USA: Human
Kinetics Books.

Kajastila, R., L. Holsti, and P. Hämäläinen. 2016. “The Augmented
Climbing Wall: High-Exertion Proximity Interaction on a Wall-Sized
Interactive Surface”. In: Proceedings of the 2016 CHI Conference
on Human Factors in Computing Systems. ACM. 758–769.

Kato, P. M., S. W. Cole, A. S. Bradlyn, and B. H. Pollock. 2008. “A
video game improves behavioral outcomes in adolescents and young
adults with cancer: a randomized trial”. Pediatrics. 122(2): e305–
e317.

Khot, R. A., L. Hjorth, and F. Mueller. 2014. “Understanding physi-
cal activity through 3D printed material artifacts”. In: Proceedings
of the SIGCHI Conference on Human Factors in Computing Sys-
tems. Toronto, Ontario, Canada. 3835–3844. doi: 10.1145/2556288.
2557144.

Khot, R. A., J. Lee, D. Aggarwal, L. Hjorth, and F. F. Mueller. 2015.
“TastyBeats: Designing Palatable Representations of Physical Activ-
ity”. In: Proceedings of the 33rd Annual ACM Conference on Human
Factors in Computing Systems. Seoul, Republic of Korea. 2933–2942.
doi: 10.1145/2702123.2702197.

Klasnja, P., S. Consolvo, and W. Pratt. 2011. “How to evaluate technolo-
gies for health behavior change in HCI research”. In: Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems.
Vancouver, BC, Canada. 3063–3072. doi: 10.1145/1978942.1979396.

Klemmer, S. and B. Hartmann. 2006. “How Bodies Matter: Five Themes
for Interaction Design”. In: Proceedings of the 6th conference on
Designing Interactive systems. University Park, PA, USA. 140–149.

Knaving, K. and P. Wozniak. 2016. “TickTockRun: Towards Enhancing
Communication in Runner Families”. In: Proceedings of the 19th
ACM Conference on Computer Supported Cooperative Work and
Social Computing Companion. San Francisco, California, USA. 309–
312. doi: 10.1145/2818052.2869114.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/2556288.2557144
http://dx.doi.org/10.1145/2556288.2557144
http://dx.doi.org/10.1145/2702123.2702197
http://dx.doi.org/10.1145/1978942.1979396
http://dx.doi.org/10.1145/2818052.2869114


60 References

Kosmalla, F., A. Zenner, M. Speicher, F. Daiber, N. Herbig, and A.
Krueger. 2017. “Exploring Rock Climbing in Mixed Reality Envi-
ronments”. In: Proceedings of the 2017 CHI Conference Extended
Abstracts on Human Factors in Computing Systems. ACM. 3053110.
1787–1793.

Kretchmar, R. 2005. Practical philosophy of sport and physical activity.
Champaign, IL, USA: Human Kinetics Publishers.

Ladd, K. “The unexpected idea”. Retrieved from https://griffithreview.
com/articles/the-unexpected-idea/.

Ladner, R. E. 2015. “Design for user empowerment”. interactions. 22(2):
24–29.

Lakoff, G. and M. Johnson. 1999. Philosophy in the Flesh. Basic books.
Lesia. 2014. Retrieved from http://cargocollective.com/lesiatrubat/E-

TRACES-memories-of-dance.
Lin, J., L. Mamykina, S. Lindtner, G. Delajoux, and H. Strub. 2006.

Fish’n’Steps: Encouraging Physical Activity with an Interactive Com-
puter Game. UbiComp 2006: Ubiquitous Computing. 261–278. Re-
trieved from http://dx.doi.org/10.1007/11853565_16.

Linehan, C., S. Harrer, B. Kirman, S. Lawson, and M. Carter. 2015.
“Games Against Health: A Player-Centered Design Philosophy”. In:
Proceedings of the 33rd Annual ACM Conference Extended Abstracts
on Human Factors in Computing Systems. Seoul, Republic of Korea.
589–600. doi: 10.1145/2702613.2732514.

Lo, J., D. J. L. Lee, N. Wong, D. Bui, and E. Paulos. 2016. “Skintillates:
Designing and Creating Epidermal Interactions”. In: Proceedings
of the 2016 ACM Conference on Designing Interactive Systems.
Brisbane, QLD, Australia. 853–864. doi: 10.1145/2901790.2901885.

Loke, L. and T. Robertson. 2013. “Moving and making strange: An
embodied approach to movement-based interaction design”. ACM
Transactions on Computer-Human Interaction (TOCHI). 20(1): 7.

Lumo. 2016. “Lumo Lift”. Retrieved from http://www.lumobodytech.
com/lumo-lift/.

Lupton, D. 2016. “The Quantified Self: A Sociology of Self-Tracking
Cultures”. Polity Press.

MacIntyre, A. 2013. After virtue. A&C Black.

Full text available at: http://dx.doi.org/10.1561/1100000076

https://griffithreview.com/articles/the-unexpected-idea/
https://griffithreview.com/articles/the-unexpected-idea/
http://cargocollective.com/lesiatrubat/E-TRACES-memories-of-dance
http://cargocollective.com/lesiatrubat/E-TRACES-memories-of-dance
http://dx.doi.org/10.1007/11853565_16
http://dx.doi.org/10.1145/2702613.2732514
http://dx.doi.org/10.1145/2901790.2901885
http://www.lumobodytech.com/lumo-lift/
http://www.lumobodytech.com/lumo-lift/


References 61

Márquez Segura, E., L. Turmo Vidal, A. Rostami, and A. Waern. 2016.
“Embodied sketching”. In: Proceedings of the 2016 CHI Conference
on Human Factors in Computing Systems. ACM. 6014–6027.

Marshall, J. and C. Linehan. 2017. “Misrepresentation of health research
in exertion games literature”. In: Proceedings of the 2017 CHI
Conference on Human Factors in Computing Systems. 4899–4910.

Marshall, J., C. Linehan, and A. Hazzard. 2016a. “Designing brutal
multiplayer video games. ACM”.

Marshall, J., F. Mueller, S. Benford, and S. Pijnappel. 2016b. “Expand-
ing Exertion Gaming”. International Journal of Human-Computer
Studies. 90: 1–13.

Marshall, J., D. Rowland, S. R. Egglestone, S. Benford, B. Walker, and D.
McAuley. 2011. “Breath control of amusement rides”. In: Proceedings
of the SIGCHI conference on Human Factors in computing systems.
Vancouver, BC, Canada. 73–82. doi: 10.1145/1978942.1978955.

Marwecki, S., L.-P. Cheng, and P. Baudisch. 2017. “Mutual Human Actu-
ation”. In: Proceedings of Proceedings of the 30th Annual ACM Sym-
posium on User Interface Software and Technology. ACM. 3126667,
797-805. http://dx.doi.org/10.1145/3126594.3126667.

McNamee, M. 2008. “Sports, virtues and vices: Morality plays”. Rout-
ledge.

Mueller, F., S. Agamanolis, and R. Picard. 2003. “Exertion Interfaces:
Sports over a Distance for Social Bonding and Fun”. In: SIGCHI
conference on Human factors in computing systems. Ft. Lauderdale,
Florida, USA. 561–568. doi: http://doi.acm.org/10.1145/642611.
642709.

Mueller, F., S. Agamanolis, F. Vetere, and M. Gibbs. 2009. “Brute
force interactions: leveraging intense physical actions in gaming”.
In: OzCHI ’09: Proceedings of the 21st Annual Conference of the
Australian Computer-Human Interaction Special Interest Group.
Melbourne, Australia. 57–64. doi: 10.1145/1738826.1738836.

Mueller, F., R. Byrne, J. Andres, and R. Patibanda. 2018. “Experiencing
the Body as Play”. In: Proceedings of the 2018 CHI Conference on
Human Factors in Computing Systems. Montreal QC, Canada. 1–13.
doi: 10.1145/3173574.3173784.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/1978942.1978955
http://dx.doi.org/10.1145/3126594.3126667
http://dx.doi.org/http://doi.acm.org/10.1145/642611.642709
http://dx.doi.org/http://doi.acm.org/10.1145/642611.642709
http://dx.doi.org/10.1145/1738826.1738836
http://dx.doi.org/10.1145/3173574.3173784


62 References

Mueller, F., D. Edge, F. Vetere, M. Gibbs, S. Agamanolis, B. Bongers,
and J. Sheridan. 2011. “Designing Sports: A Framework for Exertion
Games”. In: CHI ’11: Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems. Vancouver, Canada. 2651–
2660.

Mueller, F., M. Gibbs, F. Vetere, S. Agamanolis, and D. Edge. 2014.
“Designing mediated combat play”. In: Proceedings of the 8th Interna-
tional Conference on Tangible, Embedded and Embodied Interaction.
149–156.

Mueller, F., R. A. Khot, K. Gerling, and R. Mandryk. 2016. “Exertion
Games”. Foundations and Trends Human–Computer Interaction.
10(1): 1–86.

Mueller, F., J. Marshall, R. A. Khot, S. Nylander, and J. Tholander.
2015. “Understanding Sports-HCI by Going Jogging at CHI”. In:
Proceedings of the 33rd Annual ACM Conference Extended Abstracts
on Human Factors in Computing Systems. Seoul, Republic of Korea.
869–872. doi: 10.1145/2702613.2727688.

Mueller, F. and S. J. Pell. 2016. “Technology meets adventure: learn-
ings from an earthquake-interrupted Mt. everest expedition”. In:
Proceedings of the 2016 ACM International Joint Conference on
Pervasive and Ubiquitous Computing. Heidelberg, Germany. 817–828.
doi: 10.1145/2971648.2971683.

Mueller, F., F. Vetere, M. R. Gibbs, S. Agamanolis, and J. Sheridan.
2010a. “Jogging over a Distance: The Influence of Design in Parallel
Exertion Games”. In: Sandbox ’10: Proceedings of the 5th ACM
SIGGRAPH Symposium on Video Games. Los Angeles, USA. 63–68.

Mueller, F., F. Vetere, M. R. Gibbs, D. Edge, S. Agamanolis, and
J. G. Sheridan. 2010b. “Jogging over a distance between Europe
and Australia”. In: UIST ’10. Proceedings of the 23nd annual ACM
symposium on User interface software and technology. New York,
New York, USA. 189–198. doi: 10.1145/1866029.1866062.

Mueller, F., F. Vetere, M. Gibbs, D. Edge, S. Agamanolis, J. Sheri-
dan, and J. Heer. 2012. Balancing exertion experiences. SIGCHI
Conference on Human Factors in Computing Systems. 1853–1862.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/2702613.2727688
http://dx.doi.org/10.1145/2971648.2971683
http://dx.doi.org/10.1145/1866029.1866062


References 63

Mueller, F. and D. Young. 2017. “Five Lenses for Designing Exertion
Experiences”. In: Proceedings of the 2017 CHI Conference on Human
Factors in Computing Systems. Denver, Colorado, USA. 2473–2487.
doi: 10.1145/3025453.3025746.

National Institute on Aging. “Do exercise and physical activity protect
the brain?” Retrieved from https://go4life.nia.nih.gov/tip-sheets/do-
exercise-and-physical-activity-protect-brain.

Nike. 2012. “Nike+. Retrieved from http://nikeplus.nike.com”.
Page, M. and A. V. Moere. 2007. “Evaluating a wearable display jersey

for augmenting team sports awareness”. In: Proceedings of Pervasive
Computing. Springer. 91–108.

Patibanda, R., F. F. Mueller, M. Leskovsek, and J. Duckworth. 2017.
“Life Tree: Understanding the Design of Breathing Exercise Games”.
In: Proceedings of the Annual Symposium on Computer-Human
Interaction in Play: CHI PLAY. Amsterdam, The Netherlands. 19–
31. doi: 10.1145/3116595.3116621.

Pijnappel, S. and F. Mueller. 2013. “4 design themes for skateboarding.
ACM”.

Pijnappel, S. and F. F. Mueller. 2014. “Designing interactive technology
for skateboarding”. In: Proceedings of the 8th International Con-
ference on Tangible, Embedded and Embodied Interaction. Munich,
Germany. 141–148. doi: 10.1145/2540930.2540950.

Purpura, S., V. Schwanda, K. Williams, W. Stubler, and P. Sengers.
2011. “Fit4life: the design of a persuasive technology promoting
healthy behavior and ideal weight”. In: Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems. Vancouver,
BC, Canada. 423–432. doi: 10.1145/1978942.1979003.

Rigby, S. and R. Ryan. 2011. “Glued to games: How video games draw
us in and hold us spellbound”. Praeger.

Rogers, Y. 2014. “Mindless or mindful technology?” In: Proceedings
of the 2014 ACM SIGCHI symposium on Engineering interactive
computing systems. Rome, Italy. 241–241. doi: 10.1145/2607023.
2611428.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/3025453.3025746
https://go4life.nia.nih.gov/tip-sheets/do-exercise-and-physical-activity-protect-brain
https://go4life.nia.nih.gov/tip-sheets/do-exercise-and-physical-activity-protect-brain
http://nikeplus.nike.com
http://dx.doi.org/10.1145/3116595.3116621
http://dx.doi.org/10.1145/2540930.2540950
http://dx.doi.org/10.1145/1978942.1979003
http://dx.doi.org/10.1145/2607023.2611428
http://dx.doi.org/10.1145/2607023.2611428


64 References

Ross, A. and S. Thomas. 2010. “The health benefits of yoga and exercise:
a review of comparison studies”. The journal of Alternative and
complementary medicine. 16(1): 3–12.

Salen, K. and E. Zimmerman. 2003. Rules of Play: Game Design Fun-
damentals. Boston, MA, USA: The MIT Press.

Schraefel, M. C. 2015. “From field to office: translating brain-body
benefits from sport to knowledge work”. interactions. 22(2): 32–35.

Segura, E. M., A. Waern, J. Moen, and C. Johansson. 2013. “The design
space of body games: technological, physical, and social design”.
In: Proceedings of the SIGCHI conference on Human Factors in
computing systems. Paris, France. 3365–3374. doi: 10.1145/2470654.
2466461.

Sheinin, M. and C. Gutwin. 2015. “Jelly Polo: True Sport-Like Com-
petition Using Small-Scale Exertion”. In: Proceedings of the 33rd
Annual ACM Conference Extended Abstracts on Human Factors in
Computing Systems. Seoul, Republic of Korea. 85–88. doi: 10.1145/
2702613.2728658.

Sheridan, J. and F. Mueller. 2010. “Fostering Kinesthetic Literacy
Through Exertion Games”. In: Workshop on Whole-Body Interac-
tions at CHI’10: International Conference on Human Factors in
Computing Systems. Atlanta, USA.

Smith, F. 2016. Could HoloLens’ Augmented Reality Change How We
Study the Human Body? Retrieved from http://www.edtechmagazine.
com/higher/article/2016/04/university- testing- limits-hololens-
augmented-reality.

Stienstra, J., K. Overbeeke, and S. Wensveen. 2011. “Embodying com-
plexity through movement sonification: case study on empowering
the speed-skater”. In: Proceedings of the 9th ACM SIGCHI Italian
Chapter International Conference on Computer-Human Interaction:
Facing Complexity. Alghero, Italy. 39–44. doi: 10.1145/2037296.
2037310.

Strava. 2014. Strava Metro. Retrieved from metro.strava.com.
Suits, B. 2005. The grasshopper: Games, life and utopia. Broadview

Press.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/2470654.2466461
http://dx.doi.org/10.1145/2470654.2466461
http://dx.doi.org/10.1145/2702613.2728658
http://dx.doi.org/10.1145/2702613.2728658
http://www.edtechmagazine.com/higher/article/2016/04/university-testing-limits-hololens-augmented-reality
http://www.edtechmagazine.com/higher/article/2016/04/university-testing-limits-hololens-augmented-reality
http://www.edtechmagazine.com/higher/article/2016/04/university-testing-limits-hololens-augmented-reality
http://dx.doi.org/10.1145/2037296.2037310
http://dx.doi.org/10.1145/2037296.2037310


References 65

Tan, C. T., R. Byrne, S. Lui, W. Liu, and F. Mueller. 2015. “JoggAR: a
mixed-modality AR approach for technology-augmented jogging”. In:
SIGGRAPH Asia 2015 Mobile Graphics and Interactive Applications.
Kobe, Japan. 1–1. doi: 10.1145/2818427.2818434.

Tholander, J. and S. Nylander. 2015. “Snot, Sweat, Pain, Mud, and
Snow: Performance and Experience in the Use of Sports Watches”.
In: Proceedings of the 33rd Annual ACM Conference on Human
Factors in Computing Systems. 2913–2922.

Toscos, T., A. Faber, S. An, and M. P. Gandhi. 2006. Chick clique:
persuasive technology to motivate teenage girls to exercise. CHI ’06
extended abstracts on Human factors in computing systems. Montreal,
Quebec, Canada. 1873–1878.

van Dijk, J., R. van der Lugt, and C. Hummels. 2014. “Beyond dis-
tributed representation: Embodied cognition design supporting socio-
sensorimotor couplings”. In: Proceedings of the 8th International
Conference on Tangible, Embedded and Embodied Interaction. 181–
188.

Voida, A. and S. Greenberg. 2009. “Wii all play: The console game
as a computational meeting place”. In: Proceedings of the 27th
international conference on Human factors in computing systems.
Boston, MA, USA. 1559–1568.

Wall, P. D., R. Melzack, and J. J. Bonica. 1994. Textbook of pain:
Churchill Livingstone.

Walmink, W., D. Wilde, and F. Mueller. 2014. “Displaying heart rate
data on a bicycle helmet to support social exertion experiences”.
In: Proceedings of the 8th International Conference on Tangible,
Embedded and Embodied Interaction. Munich, Germany. 97–104.
doi: 10.1145/2540930.2540970.

Wang, J., M. She, S. Nahavandi, and A. Kouzani. 2010. “A review
of vision-based gait recognition methods for human identification”.
In: Proceedings of Digital Image Computing: Techniques and Appli-
cations (DICTA), 2010 International Conference on. IEEE. 320–
327.

Weiser, M. 1993. “Some computer science issues in ubiquitous comput-
ing”. Communications of the ACM. 36(7): 75–84.

Full text available at: http://dx.doi.org/10.1561/1100000076

http://dx.doi.org/10.1145/2818427.2818434
http://dx.doi.org/10.1145/2540930.2540970


66 References

Westphal, J. 2016. The Mind–Body Problem. MIT Press.
Wikipedia. 2016. “George Mallory - Wikipedia, The Free Encyclopedia”.

Retrieved from https://en.wikipedia.org/w/index.php?title=
George_Mallory&oldid=738677523.

Yim, J. and T. C. N. Graham. 2007. Using games to increase exercise
motivation. Future Play 2007. Toronto, Canada. 166–173.

Young, D. 2014. How to Think About Exercise: The School Of Life. Pan
Macmillan UK.

Full text available at: http://dx.doi.org/10.1561/1100000076

https://en.wikipedia.org/w/index.php?title=George_Mallory&oldid=738677523
https://en.wikipedia.org/w/index.php?title=George_Mallory&oldid=738677523

	Introduction
	Related Work
	10 Sports-HCI Lenses
	Lens 1: Reverie
	Lens 2: Pleasure
	Lens 3: Humility
	Lens 4: Sublime
	Lens 5: Oneness
	Lens 6: Sacrifice
	Lens 7: Beauty
	Lens 8: Pain
	Lens 9: Consistency
	Lens 10: Perseverance

	Discussion and Conclusion
	Acknowledgements
	References



