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ABSTRACT
Participation in organized sport has many physical, mental,
and social benefits, but there are a variety of obstacles in join-
ing and continued participation including access to adequate
coaching, equipment, and training facilities. These obstacles
lead to inequitable access to high-quality and engaging train-
ing, which is a critical problem because adequate training is
the main gateway to learning and participating in a sport.
Increasingly, technology is used to augment sports training
by improving its effectiveness, accessibility, and/or making
it more engaging. However, the vast and disparate number
of fields contributing to these advancements make it difficult
to comprehensively understand technology’s current and
potential impact on sport training. This review synthesizes
work across fields, including human-computer interaction,
computer science, sport science, engineering, psychology,
and health sciences, into a classification of research and
findings regarding interactive sport training technology or-
ganized around four characterizing dimensions: (1) Why
augment sport? (the goal); (2) Which sport skill is being
supported? (the target); (3) Which training method is used?
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(the method); (4) How is training augmented (the form).
From this synthesis, we identify gaps in training technology
research and propose a framework that can provide a com-
mon base for the design and creation of future interactive
technologies for sport training.

Keywords: sport; training; computer-assistance; interactive
technology; augmented feedback; engagement; motivation.
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1
Introduction

Organized sport encompasses a diverse set of activities that promote
physical activity, social connections, and economic stimulation through
both recreation and competitions [2]. Despite clear societal benefits,
barriers to participating in or enjoying a sport exist, including tedious
and time-intensive training, expensive equipment and facility require-
ments, slow proficiency development, and/or discrimination (e.g., based
on gender, race, or economic status). Coaches and sport scientists have
addressed these problems in a variety of ways, often using new tech-
nology. The use of digital technology to improve the experiences of
sport stakeholders can broadly be considered “sports interaction tech-
nology” [194], although the term is most often used to describe games
or other applications that promote vigorous exercise or motor learning
through gamification [70], [159], [176].

While these are valuable conceptualizations for envisioning techno-
logical solutions to overcome barriers to participation in sport, they
overlook many important aspects of what athletes spend most of their
time doing: training. Training encompasses a variety of activities that
hone an athlete’s physical and cognitive capabilities. An athlete’s per-
formance in competition is highly correlated to the effectiveness of their
training regime [166], [265]. Due to the prevalence and importance of

3
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4 Introduction

training in sport, special consideration should be made for the appli-
cation of digital technology to support sport training. Furthermore,
although there are restrictions to how technology can be incorporated
into sport competitions (e.g., banning the use of performance-enhancing
swimwear in competitive swimming), it can be freely applied to make
training more enjoyable, accessible, equitable, safe, or effective. Sport
training is therefore an exciting domain where HCI researchers and
practitioners can make meaningful and lasting contributions that help
more people engage with and have positive experiences in sport.

This monograph extends prior work in sports interaction
technology [194] to create a framework describing digital systems that
specifically support sport training, with our framework focussed on
athlete-facing systems in particular. For brevity, we will often refer
to these systems as “training technology” or “training systems.” This
encompasses a vast array of sport training activities, from motor skill
training to understanding optimal strategy [194]. For example, since
strategy is critical to victory in most competitive, team-based sports
(e.g., American football or soccer), prior research has developed novel
technology to train decision-making skills [61], [94]. Training technology,
therefore, is not limited to scenarios that involve exertion (which has
been a focus of many sport-centric HCI projects and commercial prod-
ucts such as Zwift [20]). The HCI community has expressed interest in
enhancing sport with technology through workshops held at the ACM
CHI Conference [179], [208], but previous reviews of the space have also
been limited in scope or applicability; see Table 1.1. Specifically, previous
HCI work describes training technology in broad strokes that aren’t eas-
ily actionable or generalizable for the design of new systems [159], [195],
or constrain themselves to a small subset of characteristics that limit
a reader’s appreciation of the possibilities for synergies between sport
training and technology [207]. A recent review by Postma et al. [194] de-
scribes the theory behind many facets of training technology in great de-
tail; however, its focus on defining the breadth of interactive technology
in sport led to it overlooking key elements specific to sport training (e.g.,
injury management, nutrition) and it being difficult to extract practical
design knowledge from their framework for designing training technology.

Full text available at: http://dx.doi.org/10.1561/1100000096
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9

As such, while our monograph may be viewed as a detailed extension of
a subset of their work, it is important to note that the frameworks differ
in both organization and content [194]. We see value in both perspectives
and encourage the reader to engage with their work as well. The focus
of our work is to provide a conceptualization of the design space for
training technology to make clear where previous work has been done,
and where further research is needed. We believe that it is important
to distinguish training technology from more general intersections of
sport and technology in order to have a comprehensive and actionable
framework to describe and envision interactive systems for the important
subdomain of sport training. Throughout this monograph, we exemplify
how design knowledge can be applied to the design of training technology
systems to increase the utility of the monograph for the design of new
systems and new scenarios.

This monograph offers insights that can easily be applied to create
or analyse interactive systems for sport training. We synthesize works
from diverse fields such as engineering, sport science, psychology, and
computer science through an HCI lens to develop four main dimensions
that characterize interactive sport training technology:

1. Goal: Why augment sport training with technology?

2. Target: Which sport skill is being supported?

3. Method: Which training method is used?

4. Type: How is training augmented by technology?

The remainder of this monograph compiles and synthesizes relevant
training technology contributions into a framework based on these 4
dimensions. These dimensions are largely independent of each other,
so each section identifies distinct gaps that can be addressed by future
training systems. In addition to highlighting gaps in training technology
knowledge, we exemplify how one might use our framework to develop
new interactive systems to address specific training needs. Our work
provides a new starting point for researchers, trainers, coaches, athletes,
and system designers to better understand and use current findings

Full text available at: http://dx.doi.org/10.1561/1100000096



10 Introduction

and to identify gaps in the field of interactive sport training technology.
Sport provides critical and global societal benefits, and this work aspires
to provide actionable information that can facilitate the development of
new technology for sport training to make it more equitable, engaging,
and effective for future generations of athletes at any level.
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