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ABSTRACT:

We report data from an online survey that queried the player experience
of using video games to exercise indoors during the year 2020, when many
countries imposed strict social isolation rules and outdoor movement
became limited for millions of people. Indoor exercise games such as the
Nintendo Wii Suite are known prior to the pandemic to be effective exercise
replacements in clinical settings, however little is known about people’s
experience using these games to maintain exercise during COVID-19
isolation. We also report on contextual enablers and barriers that influence
this indoor exercise experience, offering inside to the practical
considerations involved in deploying indoor exercise games to users in real
life.
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1. INTRODUCTION

During the initial days of the pandemic, physicians warned of the possibility
of adverse effects caused by the social distancing measures used to
combat the spread of COVID-19 (Ashikkali et al., 2020; Hall et al., 2021),
noting that the radical modifications to daily routines risked many falling
prey to unhealthy habits. Among these, a general decline in physical activity
was noted as a particular concern, given the closures of gyms, offices,
schools, and the adoption of remote work across many industries. Such a
decline, they argued, would constitute an “inactivity pandemic” (Ferrante
et al., 2021; Hall et al., 2021), with dire consequences for the population’s
general well-being, given the important role that regular physical activity
has been found to play in preventing chronic disease (Zhu, 2019), managing
weight (Chou et al., 2012), promoting immune response (Simpson et al.,
2015), and mood and sleep pattern regulation (Byrne & Byrne, 1993).

Given the importance that physical activity plays in maintaining well-being,
with public health guidelines (Bull et al., 2020) recommending that all adults
undertake at least 150 minutes of moderate-to-vigorous activity a week,
private organizations and public bodies devoted a great deal of attention
and funding to strategies to encourage people be more active (Bauman
& Chau, 2009; Haskell et al., 2007; Kahn et al., 2002). These strategies
included financial incentives (i.e. offering reduced cost access to fitness
programs) (King et al., 2019), community campaigns to help people choose
more active options (i.e. walking instead of driving short distances) (Kahn
et al., 2002; Nocon et al., 2010), crafting well-designed physical education
programs at school (Lonsdale et al., 2013), or designing environments so
that being active is either seen as convenient or is simply unavoidable.
Examples include designing corporate campuses to require individuals to
get up and walk to reach bathroom facilities, meetings rooms, and the like.
Such strategies that utilize group dynamics and alter patterns of movement
and behavior through environmental design have proven to be effective
(King et al., 2019) at increasing physical activity and relatively cost effective,
providing a disproportionate impact for the investment they require
(Müller-Riemenschneider et al., 2009) – at least, prior to the pandemic.

Many of the fundamental assumptions of social and behavioural strategies
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were invalidated in the context of the COVID-19 pandemic and the social
restrictions implemented. These assumptions include individuals having
prior interest in exercise, individuals having an emotional investment to
a group, and individuals having access to physical spaces that allows
intensive physical activity. The closure of physical spaces such as
workplaces and gyms, and the consequent loss of emotional connection
to that social community, had weakened the implementation of the social
theories of behaviour change (Fancourt et al., 2020). While organizations
have switched to chat programs, phone conversations, and
videoconferencing (Watson et al., 2020) to try and retain a sense of
community, these alternatives could not replace face-to-face connections.
To many, these alternate channels seem less “human” (Watson et al., 2020),
with detrimental effects on relationship-building, which has had negative
consequences for existing community-based strategies to promote
physical activity.

Alternative strategies are thus required, preferably those which do not
involve tapping into a pre-existing interest in exercise, which do not rely
on individuals being part of a pre-existing community, and which can be
done at home, without requiring an individual to travel. Video games which
require players to engage in moderate-to-vigorous physical activity in order
to progress, often called active video games (AVGs) or exergames (Oh
& Yang, 2010), have been suggested as one such alternative (Ferrante
et al., 2021; Gonzalez et al., 2016). Exergames can be played at home
alone and are an attempt to reframe exercise as entertainment, and prior
research (Primack et al., 2012; Rozental-Iluz et al., 2016; Satava et al., 1995;
Warburton et al., 2007) showed that the use of exergames both mediates
physical exercise and is associated with cognitive, physical, and
psychological benefits.

With the public health emergency posed by COVID-19 presenting great
challenges to maintaining physical exercise, and with consumption of video
games reaching an all-time high at 82% of global consumers playing video
games during the lockdowns (The Nielson Company (US), 2020), perhaps
it is time to examine the viability of exergaming as an alternative to
traditional approaches. With the World Health Organization partnering
with the game industry to encourage people to stay at home, play video
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games, and practice physical distancing, games have been shown to be
a viable part of a highly successful public health strategy (Interactive
Software Federation of Europe, 2021). With so many people turning using
games as entertainment, might they also turn to exergames when their
usual venues for exercise are inaccessible?

1.1 RELATED WORKS ON THE IMPACT OF GAMES ON
EXERCISE DURING COVID

To date, there have been few studies that examine the impact of games
on exercise during COVID. While it is known that overall physical activity
did decline during COVID-19 (Ferrante et al., 2021; Hall et al., 2021), giving
rise to the very “inactivity pandemic” that some warned of, it is unclear
what role games played in this, as opposed to the wide-scale disruptions of
people’s daily routines.

What little literature exists regarding the impact of games on exercise
during the pandemic is mostly either speculative (dos Santos et al., 2021)
or look at the effects of screen time and exercise on perceptions of mental
and general health (Colley et al., 2020). To the authors’ knowledge, only
one study (Ellis et al., 2020) examined the impact of gameplay on exercise,
finding that there was a significant positive relationship between total
hours of participation in gaming and total hours of exercise per week
during the pandemic among players of Pokémon GO, and that while there
was a decrease in physical activity during the pandemic, the average
Pokémon GO player was still physically active for an average of 6.5 hours
a week – or 390 minutes – well above the minimum of 150 minutes (2.5
hours) of moderately-intense activity recommended per week (Bull et al.,
2020). This finding was supported by qualitative results, with players
consistently mentioning that the structure that Pokémon GO provided and
the sense of accomplishment they received from accomplishing goals in
the game provided them with motivation to exercise during the pandemic.

1.2 RELATED WORKS ON INDOOR EXERGAMES

The earliest versions of video games intended for the public were indoor
exergames. They were non-sedentary and very social activities. In the
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earliest instances of gaming in the arcades in the 1970s, playing a game
requires players to stand in an upright position in front of an arcade
cabinet for extended amounts of time while engaging in vigorous jostling
of the controls – often with a great deal of body English, body movement in
excess of what was needed to manipulate the controls, involved. It was only
when video games shifted to being primarily played on home computers
and home consoles in the 1980s that gaming became more sedentary.

There is a considerable body of literature on the physiological benefits of
indoor exergames such as Dance Dance Revolution (DDR) or Nintendo Wii
Suite (Bonetti et al., 2010; Maddison et al., 2007; Penko & Barkley, 2010;
Primack et al., 2012; Warburton et al., 2007), with many finding that they
can be effective exercise replacements in the short term. These indoor
exergames are comparable to standard exercise on parameters such as
heart rate (Bonetti et al., 2010), oxygen consumption (Penko & Barkley,
2010), electrocardiogram activity (Maddison et al., 2007) and self-motivated
duration of exercise (Warburton et al., 2007). However, such studies have
also shown that when players feel forced to use a game, efficacy suffers.
Studies (Heeter et al., 2011; Madsen et al., 2007) found game engagement
driven by enforced or prescribed play is often short-lived, with players
losing their sense of enjoyment within weeks, and often discontinuing play
altogether.

Further, few studies touched on the various real-life constraints which
might impact adoption of indoor exergames. In studies involving indoor
exergames, users are provided with the game and relevant hardware for
the duration of the study period, or are provided with a dedicated space
and time where they can use the intervention. However, not everyone
has the correct hardware at home and most home environments are not
designed to facilitate vigorous exercise for only one person. This presents
many practical challenges to implementation that no study has adequately
addressed.

To address the existing gaps in the literature, this study examines the
experience of individuals who used video games to exercise indoors during
the COVID-19 pandemic, with a focus on whether these games functioned
as viable exercise alternatives. If they did not, we aim to identify what
factors need to be addressed to make them viable in the future, given the
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continuing impact of pandemic-driven behaviour and policies on outdoor
exercise.

2. METHODS
2.1 RECRUITMENT

The recruitment methodology has been described in detail elsewhere (Ellis
et al., 2020). Briefly, a mixed-methods survey was conducted online via
convenience sampling over 2 weeks in May 2020 on subreddit Pokémon
GO and Harry Potter: Wizards Unite forums. The study’s ethics approval
was obtained from the Macquarie University Human Research Ethics
Committee for Medical Sciences (Reference No: 52019601512435. Project
ID: 6015).

2.2 SURVEY

This paper is a part of a larger survey regarding exercise via games during
the pandemic. Players were eligible to participate if they were over 18 years
of age and played either Pokémon GO or HPWU for at least a week in
English in 2020. We present demographic data regarding gender, play style
(ranging from “casual”, “midcore”, “hardcore”, and “not sure”), and age.

Quantitative data in this paper involves two questions. The first question
is “Prior to the covid-19 shutdown, how many hours a day were you
exercising during the days that you did physical exercises?”. The second
question is “How many hours a day do you exercise during the shutdown,
during the days that you do physical exercises?” These two questions are
chosen to examine whether there was a difference in exercise during the
pandemic for those participants who exercised indoors versus those who
did not.

The qualitative question analysed here is “What has your experience been
regarding using video games (e.g. Wii/Xbox/VR) to exercise indoors?”. This
question reveals how people have used video games to exercise indoors in
a holistic manner.
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2.3 DATA ANALYSIS

Self-reported quantitative data was extracted from Qualtrics and directly
imported into Excel, where the Real Statistics software was used to
calculate inferential statistics (Zaiontz, 2021). This work was carried out by
KY.

Qualitative responses were analysed through thematic analysis using
NVivo v12 Plus (QSR International). The participants’ answers for the
qualitative question were extracted and entered into NVivo. The data was
coded inductively by the researchers KY and CK. Codes were developed
according to the Braun and Clarke model of thematic analysis (Braun &
Clarke, 2008). The entire research team was consulted throughout the
qualitative analysis process to resolve disagreements until consensus was
reached.

3. RESULTS
3.1 DEMOGRAPHICS

The survey received valid answers from 1052 participants, with 284 (27%)
having used video games to exercise indoors in 2020. Demographics data
for the indoor exergaming population are presented in Table 1.
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Table 1. Demographics data of those who played indoor exergames

The players who exercised indoors with video games during the COVID-19
pandemic were roughly equally distributed between female and male (42%
vs 54%). They were mostly between 26 and 35 years old, and were equally
spread across Casual, Something in-between, and Hardcore playstyles.

The percentage of players who exercised indoors based on total survey
participants are shown in Table 2. Between 10 to 15% of all participant
segments have exercised indoors using video games. The groups with the
largest percentage of indoor exergame participation are those who identify
as neither male or female, between the ages of 36 to 45 years old, and have
a hardcore playstyle.
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Table 2. Percentage against total participants

3.2 INDOOR EXERGAME PLAYERS DID NOT EXPERIENCE A
REDUCTION IN EXERCISE HOURS

The group that did not use indoor exergames experienced a statistically
significant decrease in exercise hours during COVID-19 social isolation
compared to before the pandemic (p-value = 0.02), while the group that
used indoor exergames did not do so (p-value = 0.25). This indicates that
the group using indoor exergames maintained their level of daily exercise
hours during the pandemic, while the group that did not use indoor
exergames suffered a decrease in daily exercise.

Differences in exercise before and during COVID social distancing was not
found to be significant between participants who played indoor exergames
and those who did not (P-value = 0.63 for exercise hours before COVID. P-
value = 0.56 for exercise hours during COVID).
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Table 3 presents the mean and median values for the two participant
groups regarding exercise per day (in hours) before and during COVID
social distancing measures.

Table 3. Exercise during COVID isolation.
* SD = standard deviation

3.3 THEME 1 – EXERGAMES WERE FUN AND A GOOD
EXPERIENCE

Many participants indicated that exergames were in general fun, good,
and a positive experience during COVID-19 social distancing. Overall,
participants found it to be a fun alternative to outdoor exercise, bringing
in some entertainment as well as working up a sweat. Those living with
family also indicated that the indoor exergames were conducted with other
family members and helped with family bonding. This positive experience
was reported by many segments of the participant population. Various
participants highlighted that using these games to exercise was “enjoyable”
(22 years old, male, United Kingdom, hardcore gamer), “fun and provides a
good way to exercise” (27 years old, female, Portugal, midcore gamer), and
“a nice family activity” (18 years old, female, Hungary, casual gamer).

The two major contributors to participants feeling the exergame was fun
were stated as 1) having a purpose to physical movement and 2) having a
feeling of social connection and solidarity. Games where exercise has in-
game and is not merely making the player move made participants feel
more motivated to come back to the game. At the same time, games that
provided a social exercise and made players feel connected to other people
(real people or game characters) also motivated players to keep coming
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back to play, since such games provided the bonus benefit of emotional
and social interaction during COVID-19 social isolation. One participant put
this effect very succinctly in her answer.

“Currently I use the app Zombies Run for their Home Front missions. These
missions have a story to go with the workouts, involving game characters having
to be isolated too. This metafictional solidarity is really encouraging for me, it’s
motivating while being a step removed from Covid19” (28 years old, female,
United States, casual gamer).

Interestingly, many participants stated that the exergames “gets boring
quickly” (36 years old, male, United States, casual gamer) and “Seems more
fun and interesting when first starting. Sometimes it gets old and stale” (44
years old, female, United States, casual gamer). Such findings indicate that
the engagement of these exergames did not always last for a long time,
especially in the absence of other factors – such as social connections – that
encouraged maintained engagement.

3.4 THEME 2 – EXERGAMES WERE BORING AND NOT AS
ENGAGING AS REAL EXERCISE

As stated above, participants often find the indoor exergames quickly lose
their lustre. The main factor attributed to this loss of interest is that some
games are not engaging and are even less fun as standard exercise or
outdoor exercise. Participants ascribe their negative attitudes towards
indoor exergames to reasons such as “not as fun as the outdoors” (33 years
old, male, United States, hardcore gamer) and “not really the same feel
[as outdoor exercise] (21 years old, male, United States, hardcore gamer)”,
indicating these games are not able to keep the fun over a long time.

Specifically, some exergames are described as being less fun than normal
games and normal exercise. They have the repetitive routine of exercises
and an arbitrary gamification on top of the exercise, and thus unable to
provide continuous engagement. Participants stated “It’s hard to stick with
it. The exercise video games are good, but they feel too much like exercise!”
(38 years old, female, Canada, midcore gamer). Moreover, participants
indicated they would cease playing with the exergame based on
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engagement, rather than perceived physical benefit, with participants
indicating “if I am not engaged in the experience I likely won’t follow through”
(21 years old, male, Canada, hardcore gamer).

3.5 THEME 3 – EXERGAMES WERE SPECIFICALLY DESIGNED
FOR CARDIO EXERCISES

Participants also pointed out that exergames were only good for specific
types of exercise, namely cardio exercises aimed at increasing heart rate
and maintaining it. This could either be a positive or negative influence,
depending on what kind of exercise the participants desired. Some
participants were simply trying to look for a way to get their body moving,
and thus found the brief burst of cardio as a welcome addition to their day.

One type of indoor exergames that is highlighted as very good cardio is the
dancing game genre. These games, which involved whole body movement,
were favoured for cardio compared to other games. “I love Dance Dance
Revolution. It’s a great cardio routine.” (36 years old, male, United States,
casual gamer) “DDR (PS2) is fun and I’m counting it as cardio.” (24 years old,
non-binary gender, United States, midcore gamer) Dancing games have
the added benefit of being a very social game that involved the entire
family, which increases the amount of fun and engagement felt by the
participants. “Good, dancing with family is fun” (36 years old, male, United
States, midcore gamer). “Use Just Dance routines (with child and partner)” (36
years old, female, Australia, casual gamer).

On the contrary, participants who were looking for more comprehensive
fitness activities were disappointed in exergames for their lack of variety.
Participants who were used to more diverse or comprehensive exercise
regimes that focused on more than simply burning energy want something
more than cardio and were unable to get it from existing exergames. “It’s
a little fun, but I think just working out following an exercise routine is more
efficient. I would probably use a game like that just to add some variety or to
add some cardio into my week, but I would not use it for my other goals of
strength and flexibility.” (35 years old, female, United States, casual)

3.6 THEME 4 – EXERGAMES WERE LIMITED BY REAL-LIFE
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CONTEXTS

The experience of indoor exercise was also hindered by its implementation
in a home setting and the myriad of contexts in daily life. Participants
reported the hardware of the exergames can cause physical discomfort,
which leads to terminating the experience. Consoles that required
specialised handheld equipment were highlighted as the main culprit, with
pain at the hand or wrist noted as the major concern. “The wii fit hurts my
joints.” (26 years old, non-binary gender, United States, midcore gamer) “I’ve
been using the Nintendo Switch. It’s a fun side diversion, but also hurts my
wrists if I use it for too long.” (33 years old, female, United States, midcore
gamer)

The physical confines of a house and apartment also limits the extent of
indoor exergaming. As the games are not the same as specialised exercise
equipment and does not provide noise control, soft contact surfaces, or
limit the range of movement or force, participants cited these issues as
reasons why they don’t conduct indoor exergaming. Hitting physical
barriers in the house, getting hurt due to not having soft contact surfaces,
having to share their exercise space with other people, and creating excess
noise for other people living in the same dwelling were all cited as reasons
that limited participation in indoor exergames. “Jumping Hardwood floors
bookcases are not a good exercise space.” (35 years old, male, United States,
casual gamer) “Broke a wall.” (40 years old, male, Australia, gamer type
unsure)

4. DISCUSSION
4.1 DEMOGRAPHIC DIFFERENCES IN USING INDOOR
EXERCISES DURING COVID-19 ISOLATION

An equal percentage of males and females indicate they have played
indoor exercise games during the COVID-19 social isolation. Approximately
12-14% of the wider male and female participants played indoor exercise
games in our cohort, a ratio that is maintained in all other demographic
segments of our participant pool. The groups that differ from this number
are those who identify as other than male or female in gender (25.53%)
and hardcore gamers (20.05%), and may reflect how these groups are
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emotionally invested gaming and virtual worlds to satisfy their
psychological needs and as a lifestyle choice (Manero et al., 2016; Morgan
et al., 2020).

The participants who did not use indoor exergames suffered a statistically
significant decrease in their daily exercise hours during COVID-19 social
isolation compared to before the pandemic, as expected in light of
widespread decline in exercise hours on a global level (Colley et al., 2020).
However, the group that did use indoor exercise retained the same level of
exercise as per before the pandemic, indicating that indoor exercise may
have had a positive effect in maintaining physical activity in this population.
This is comparable to our prior work on outdoor exergames during the
pandemic, where users of such outdoor games such as Pokémon GO and
Harry Potter: Wizards Unite also report using such games to maintain
physical exercise levels (Ellis et al., 2020). Indeed, there is precedent to
show adults not engaged by traditional exercise can use indoor exergames
as effective alternatives to increase physical activity (Street et al., 2017). It is
thus likely that indoor games can also be a positive alternative to standard
exercise during social isolation.

4.2 Differences between “real exercise” and exergame

The biggest issue with indoor exergames, highlighted in our data and in
literature, is how engagement is often short-lived and participants profess
to lose interest in such games very quickly. Engagement to these games
can start to drop off as soon as a few weeks into studies (Madsen et
al., 2007), ultimately resulting in reducing play and exercise hours and
discontinuing the game completely (Heeter et al., 2011). This is observed in
our participants where many reported indoor exergames became boring
very quickly and play was ceased within weeks or months, and indicated
a lack of engagement with the game resulted in this reduction in interest.
Such data had been highlighted before regarding how exergames have
issues in being used as a long-term health promotion strategy (Cacciata et
al., 2019; Street et al., 2017). As such, exergames may need to re-evaluate
its design principles and include more long-term engagement into its game
design, moving from a model where scores and badges are providing
superficial external motivation to where the physical activity has intrinsic
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meaning in the game. Immersion both in real-life and within the software
should be valued by designers of these exergames to promote movement,
adding value and purpose to these movements, and thus achieving
intrinsic motivation for exergames. The games that our participants
reported to have the best engagement with, such as Zombie Run!, provided
in-game value to the exercise conducted in real life, as well as giving a sort
of companionship and support to isolated players during the pandemic.
These factors add to immersion, contributing to the desire to exercise,
together with external factors such as social interactions.

Social companionship and support are indeed some of the biggest
components of exergames that modern indoor games lack. Dance Dance
Revolution (DDR), one of the most popular exergames in our participants,
is a franchise that goes back to the 1990s and has always been a social
game in arcades. Even before the age of rapid digital communication, DDR
players created websites and message boards such as DDRFreak.com to
continue socializing with one another online (Ko, 2005; Liu, 2004). These
online spaces provided a place where DDR enthusiasts could interact
outside of the arcades. Online, people would trade gameplay tips, discuss
how to best add their own improvisations to their DDR performances,
share where the newest machines were located, or make plans to gather
offline. Indeed, even individual play was often done with the community
in mind, with many buying the game so they could improve their
performance at home and show off their skills during the next meetup
(Webster, 2009). In more modern times, while exergames can be played
individually, Wii Sports is considered a social game as much as it is an
exercise game (Espineli, 2019). In the case of mobile exergames, most
players are connected either with a larger community invested in the
franchise the game is part of (in the case of Pokémon GO), or with a larger
cultural moment that the game happened to be part of (like Zombies, Run!).
The importance of this sense of relatedness to engagement is congruent
with findings in other gaming genres (Przybylski et al., 2010; Ryan et al.,
2006), yet has not been formally examined for exergames, aside from what
little work has been done on the factors determining engagement with and
benefit from Pokémon GO and Harry Potter: Wizards Unite (Smith et al., 2021;
Yin & Lee, 2019)
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4.3 EXERGAMES BEYOND SIMPLY CARDIO EXERCISES

Our players raised a concern that most exergames on the market are only
concerned with cardio exercises, and very few addressed other types of
exercise that would be present in a professional fitness regimen. Indeed,
in the exergame literature, the major standard via which exergames were
measured for their efficiency had been cardio parameters such as heart
rate and oxygen consumption (Bonetti et al., 2010; Penko & Barkley, 2010).
While there are games that function as a fitness coach and offers a larger
repertoire of exercise types (Consumer Reports, 2013), the most popular
exergames in our cohort – such as dance games (DDR), the Wii Suite, and
virtual reality (VR) exergames – remain focused on providing an intensive
burst of cardio. As these off-the-shelf exergames are limited to utilizing
the corresponding console’s in-built motion sensors, perhaps exploring
different hardware and design philosophies would help to include other
aspects of fitness into these games.

Work has already been done to combine treadmills, cycling, and other
fitness equipment with games. Blue Goji Infinity, a patented home
treadmill that combines walking on a treadmill with a screen where games
can be displayed or a VR headset that allows for VR experiences, seeks
to gamify the prolonged running regimens conducted over the treadmill
(BlueGoji, 2021). There is also a large variety of commercial makers of
indoor bicycles that combine VR to facilitate VR cycling, where users can
conduct cardio and body toning workouts on the indoor bicycle while
wearing a VR headset or watching a monitor that shows them cycling
through a virtual track (Holodia, 2022; Zwift, 2022). Lastly, the versatility
of VR has also given rise to a niche family of games that allows for lifting
weights for strength training, yoga for flexibility, rowing for upper body
strength and dodging/tennis for coordination and lower body movement
(Dingman, 2022). These games offer a large variety of exercises, but
struggle to become as popular as older games such DDR and Wii Suites.
This is due to contextual limitations such as the high costs of VR gear, the
spatial and special requirements of VR, the limitations in the modern home,
and the incapacity of making VR into a family and social activity.
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4.4 CONTEXTUAL LIMITATIONS TO EXERCISING IN THE HOME

It is also significant to remember that these indoor exergames are
conducted inside people’s homes, where there is often a lack of space,
time, and proper equipment. Our participants reported spatial
constrictions (especially those living in urban apartments) the prevented
them from exercising to the capacity permitted by the game, potentially
decreasing the effectiveness of the games. In contrast, many studies for
exergames were either done in a controlled laboratory environment,
facilitated by staff who checked-in with the participants, or had consoles/
other hardware provided to the participants (Bogost, 2005; Bonetti et al.,
2010; Maddison et al., 2007; Penko & Barkley, 2010; Warburton et al.,
2007). These studies would also have provided detailed instructions on
how to use the hardware and how long to use it for, while our participants
using exergames in real life reported wrist and hand pain from overuse.
Given that not everyone has a console or other hardware needed to play
an indoor exergame, and that the home environment is not designed
to facilitate vigorous exercise, with many spaces used for gaming being
shared by others and used for multiple purposes, this presents many
practical challenges to implementation that no study has adequately
addressed.

Considering these contextual limitations, it is no surprise that the most
popular exergames remain simple console games such as Wii Sports, which
require nothing more than the Nintendo Wii console to function, and
mobile exergames, which can be played with nothing more than a phone.
The few exceptions to the equipment issue include These have both been
effective at attracting new demographics to gaming, especially mobile
games, where the game itself is usually free to download (Espineli, 2019;
Wijman, 2020). However, in terms of indoor exercise, neither fully address
how exergames require more space than others for movement during play,
or how the shared recreation spaces of a modern home may need to be
reconfigured prior to and after play sessions.

5. CONCLUSION

Our study indicates that indoor exergames exerted a positive influence to
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maintaining physical exercise during the pandemic, but their effects were
limited by low engagement in design, monotonous exercise types, and
contextual limitations regarding space and time involved. More engaging
software design that incorporates purpose and social connection, and
more innovative hardware that incorporates a holistic regimen of fitness
activities, could be the key to further improve the efficiency of these games
for populations in isolation.

ACKNOWLEDGMENTS

We would like to acknowledge and thank the subreddit moderators for
helping us with recruitment and their ongoing support with the project, as
well as all the participants who answered the survey.

REFERENCES

Ashikkali, L., Carroll, W., & Johnson, C. (2020). The indirect impact of
COVID-19 on child health. Paediatrics & Child Health, 30(12), 430-437.
https://doi.org/10.1016/j.paed.2020.09.004.

Bauman, A., & Chau, J. (2009). The Role of Media in Promoting Physical
Activity. Journal of Physical Activity and Health, 6(s2), S196-S210.
https://doi.org/10.1123/jpah.6.s2.s196.

BlueGoji. (2021). Blue Goji Infinity. Retrieved from
https://www.bluegoji.com/infinity

Bogost, I. (2005). The rhetoric of exergaming. Proceedings of the Digital Arts
and Cultures, 51

Bonetti, A. J., Drury, D. G., Danoff, J. V., & Miller, T. A. (2010). Comparison
of acute exercise responses between conventional video gaming and
isometric resistance exergaming. The Journal of Strength & Conditioning
Research, 24(7), 1799-1803. https://doi.org/10.1519/jsc.0b013e3181bab4a8.

Braun, V., & Clarke, V. (2008). Using thematic analysis in psychology.
Qualitative Research in Psychology, 3(2), 77-101. https://doi.org/10.1191/
1478088706qp063oa.

50
KATHLEEN YIN, GILLIAN VESTY, STEFAN SCHUTT, DALE LINEGAR, &

VIKTOR ARITY



Bull, F. C., Al-Ansari, S. S., Biddle, S., Borodulin, K., Buman, M. P., Cardon, G.,
. . . Willumsen, J. F. (2020). World Health Organization 2020 guidelines on
physical activity and sedentary behaviour. British Journal of Sports Medicine,
54(24), 1451-1462. https://doi.org/10.1136/bjsports-2020-102955.

Byrne, A., & Byrne, D. G. (1993). The effect of exercise on depression,
anxiety and other mood states: a review. Journal of Psychosomatic Research,
37(6), 565-574. https://doi.org/10.1016/0022-3999(93)90050-p.

Cacciata, M., Stromberg, A., Lee, J.-A., Sorkin, D., Lombardo, D., Clancy, S.,
. . . Evangelista, L. S. (2019). Effect of exergaming on health-related quality
of life in older adults: A systematic review. International Journal of Nursing
Studies, 93, 30-40. https://doi.org/10.1016/j.ijnurstu.2019.01.010.

Chou, C.-H., Hwang, C.-L., & Wu, Y.-T. (2012). Effect of exercise on physical
function, daily living activities, and quality of life in the frail older adults:
a meta-analysis. Archives of Physical Medicine and Rehabilitation, 93(2),
237-244. https://doi.org/10.1016/j.apmr.2011.08.042.

Colley, R. C., Bushnik, T., & Langlois, K. (2020). Exercise and screen time
during the COVID-19 pandemic. Health Reports, 15(6), 3-11.
https://www.doi.org/10.25318/82-003-x202000600001-eng.

Consumer Reports. (2013). Fitness video game reviews – Your Xbox, Wii,
and PS3 can help get you into shape. Retrieved from
https://www.consumerreports.org/cro/2013/05/fitness-video-game-
reviews/index.htm

Dingman, H. (2022). Exercise By Accident: VR Games to Help You Work
Out At Home. Retrieved from https://www.oculus.com/blog/exercise-by-
accident-vr-games-to-help-you-work-out-at-home/

dos Santos, I. K., da Silva Cunha de Medeiros, R. C., de Medeiros, J. A., de
Almeida-Neto, P. F., Souza de Sena, D. C., Cobucci, R. N., . . . Dantas, P. M.
S. (2021). Active Video Games for Improving Mental Health and Physical
Fitness—An Alternative for Children and Adolescents during Social
Isolation: An Overview. International Journal of Environmental Research and
Public Health, 18(4), 1641. https://doi.org/10.3390/ijerph18041641.

FIT TO GAME 51



Ellis, L. A., Lee, M. D., Ijaz, K., Smith, J., Braithwaite, J., & Yin, K. (2020).
COVID-19 as ‘Game Changer’ for the Physical Activity and Mental Well-
Being of Augmented Reality Game Players During the Pandemic: Mixed
Methods Survey Study. Journal of Medical Internet Research, 22(12), e25117.
https://doi.org/10.2196/25117.

Espineli, M. (2019). The Most Influential Games Of The 21st Century: Wii
Sports. Retrieved from https://www.gamespot.com/articles/the-most-
influential-games-of-the-21st-century-wii/1100-6466810/

Fancourt, D., Bu, F., Mak, H. W., & Steptoe, A. (2020). Covid-19 Social Study
– Results Release 10 Retrieved from London, UK:
https://www.nuffieldfoundation.org/wp-content/uploads/2020/05/
COVID-19-social-study-results-release-29-May-2020.pdf

Ferrante, G., Mollicone, D., Cazzato, S., Lombardi, E., Pifferi, M., Turchetta,
A., . . . La Grutta, S. (2021). COVID-19 Pandemic and Reduced Physical
Activity: Is There an Impact on Healthy and Asthmatic Children? Frontiers in
Pediatrics, 9, 695703. https://doi.org/10.3389/fped.2021.695703.

Gonzalez, C. S., Gomez, N., Navarro, V., Cairos, M., Quirce, C., Toledo, P.,
& Marrero-Gordillo, N. (2016). Learning healthy lifestyles through active
videogames, motor games and the gamification of educational activities.
Computers in Human Behavior, 55(529-551)http://dx.doi.org/10.1016/
j.chb.2015.08.052.

Hall, G., Laddu, D. R., Phillips, S. A., Lavie, C. J., & Arena, R. (2021). A tale of
two pandemics: How will COVID-19 and global trends in physical inactivity
and sedentary behavior affect one another? Progress in Cardiovascular
Diseases, 64, 108-110. https://doi.org/10.1016/j.pcad.2020.04.005.

Haskell, W. L., Lee, I.-M., Pate, R. R., Powell, K. E., Blair, S. N., Franklin,
B. A., . . . Bauman, A. (2007). Physical activity and public health: updated
recommendation for adults from the American College of Sports Medicine
and the American Heart Association. Medicine & Science in Sports & Exercise,
39(8), 1423-1434. https://doi.org/10.1249/mss.0b013e3180616b27.

Heeter, C., Brian Magerko, Medler, B., & Lee, Y.-H. (2011). Impacts of Forced
Serious Game Play on Vulnerable Subgroups. Paper presented at the

52
KATHLEEN YIN, GILLIAN VESTY, STEFAN SCHUTT, DALE LINEGAR, &

VIKTOR ARITY



International Journal of Gaming and Computer-Mediated Simulations,
Hershey, PA, USA.

Holodia. (2022). VR Cycling on Your Bike and Oculus Quest – Make Your
Workouts Fun. Retrieved from https://www.holodia.com/vr-fitness-blog/
holofit-vr-works-with-any-indoor-bike-transform-your-indoor-cycling/

Interactive Software Federation of Europe. (2021, 13 April 2021). Games
industry reflects on and recommits to #PlayApartTogether campaign at
one year milestone. Retrieved from https://www.isfe.eu/news/games-
industry-reflects-on-and-recommits-to-playaparttogether-campaign-at-
one-year-milestone/

Kahn, E. B., Ramsey, L. T., Brownson, R. C., Heath, G. W., Howze, E. H.,
Powell, K. E., . . . Corso, P. (2002). The effectiveness of interventions to
increase physical activity. A systematic review. American Journal of
Preventive Medicine, 22, 73-107. https://doi.org/10.1016/
s0749-3797(02)00434-8.

King, A. C., Whitt-Glover, M. C., Marquez, D. X., Buman, M. P., Napolitano,
M. A., Jakicic, J., . . . 2018 PHYSICAL ACTIVITY GUIDELINES ADVISORY
COMMITTEE. (2019). Physical Activity Promotion: Highlights from the 2018
Physical Activity Guidelines Advisory Committee Systematic Review.
Medicine & Science in Sports & Exercise, 51(6), 1340-1353. https://doi.org/
10.1249/mss.0000000000001945.

Ko, J. (2005). DDRFreak. Retrieved from http://www.ddrfreak.com/

Liu, D. (2004). A case history of the success of Dance Dance Revolution in
the United States. How They Got Game, 8

Lonsdale, C., Rosenkranz, R. R., Peralta, L. R., Bennie, A., Fahey, P., & Lubans,
D. R. (2013). A systematic review and meta-analysis of interventions
designed to increase moderate-to-vigorous physical activity in school
physical education lessons. Preventive Medicine (Baltimore), 56(2), 152-161.
https://doi.org/10.1016/j.ypmed.2012.12.004.

Maddison, R., Ni Mhurchu, C., Jull, A., Jiang, Y., Prapavessis, H., & Rodgers,
A. (2007). Energy expended playing video console games: an opportunity

FIT TO GAME 53



to increase children’s physical activity? Pediatric Exercise Science, 19(3),
334-343. https://doi.org/10.1123/pes.19.3.334.

Madsen, K. A., Yen, S., Wlasiuk, L., Newman, T. B., & Lustig, R. (2007).
Feasibility of a dance videogame to promote weight loss among overweight
children and adolescents. Archives of Pediatrics and Adolescent Medicine,
161(1), 105-107. https://doi.org/10.1001/archpedi.161.1.105-c.

Manero, B., Torrente, J., Freire, M., & Fernández-Manjón, B. (2016). An
instrument to build a gamer clustering framework according to gaming
preferences and habits. Computers in Human Behavior, 62, 353-363.
https://doi.org/10.1016/j.chb.2016.03.085.

Morgan, H., O’Donovan, A., Almeida, R., Lin, A., & Perry, Y. (2020). The
Role of the Avatar in Gaming for Trans and Gender Diverse Young People.
International Journal of Environmental Research and Public Health, 17(22),
8617. https://doi.org/10.3390/ijerph17228617.

Müller-Riemenschneider, F., Reinhold, T., & Willich, S. N. (2009). Cost-
effectiveness of interventions promoting physical activity. British Journal of
Sports Medicine, 43(1), 70-76. https://doi.org/10.1136/bjsm.2008.053728.

Nocon, M., Müller-Riemenschneider, F., Nitzschke, K., & Willich, S. N. (2010).
Review Article: Increasing physical activity with point-of-choice prompts–a
systematic review. Scandinavian Journal of Public Health, 38(6), 633-638.
https://doi.org/10.1177/1403494810375865.

Oh, Y., & Yang, S. (2010). Defining Exergames & Exergaming. Paper presented
at the Meaningful Play 2010, East Lansing, MI, USA.

Penko, A. L., & Barkley, J. E. (2010). Motivation and physiologic responses
of playing a physically interactive video game relative to a sedentary
alternative in children. Annals of Behavioral Medicine, 39(2), 162-169.
https://psycnet.apa.org/doi/10.1007/s12160-010-9164-x.

Primack, B. A., Carroll, M. V., McNamar, M., Klem, M. L., King, B., Rich,
M., . . . Nayak, S. (2012). Role of video games in improving health-related
outcomes: a systematic review. American Journal of Preventive Medicine,
42(6), 630-638. https://doi.org/10.1016/j.amepre.2012.02.023.

54
KATHLEEN YIN, GILLIAN VESTY, STEFAN SCHUTT, DALE LINEGAR, &

VIKTOR ARITY



Przybylski, A. K., Rigby, C. S., & Ryan, R. M. (2010). A Motivational Model
of Video Game Engagement. Review of General Psychology, 14(2), 154-166.
https://doi.org/10.1037/a0019440.

Rozental-Iluz, C., Zeilig, G., Weingarden, H., & Rand, D. (2016). Improving
executive function deficits by playing interactive video-games: secondary
analysis of a randomized controlled trial for individuals with chronic stroke.
European Journal of Physical and Rehabilitation Medicine, 52(4), 508-515.

Ryan, R. M., Rigby, C. S., & Przybylski, A. (2006). The Motivational Pull of
Video Games: A Self-Determination Theory Approach. Motivation and
Emotion, 30, 344-360. https://doi.org/10.1007/s11031-006-9051-8.

Satava, R. M., Morgan, K., Sieburg, H. B., Mattheus, R., & Christensen, H. I.
(1995). Interactive Technology and the New Paradigm for Healthcare (Vol. 18):
IOS Press.

Simpson, R. J., Kunz, H., Agha, N., & Graff, R. (2015). Exercise and the
Regulation of Immune Functions. Progress in Molecular Biology and
Translational Science, 135(355-80)https://doi.org/10.1016/
bs.pmbts.2015.08.001.

Smith, J., Lee, M. D., Ellis, L. A., Ijaz, K., & Yin, K. (2021). Developing a novel
psychographic-behavioral qualitative mapping method for exergames.
International Journal of Serious Games, 8(2), 87-107. https://doi.org/
10.17083/ijsg.v8i2.422.

Street, T. D., Lacey, S. J., & Langdon, R. R. (2017). Gaming Your Way to
Health: A Systematic Review of Exergaming Programs to Increase Health
and Exercise Behaviors in Adults. Games for Health Journal, 6(3), 136-146.
https://doi.org/10.1089/g4h.2016.0102.

The Nielson Company (US). (2020, June 2020). 3, 2, 1 Go! Video Gaming
is at an All-Time High During COVID-19. Retrieved from
https://www.nielsen.com/insights/2020/3-2-1-go-video-gaming-is-at-an-all-
time-high-during-covid-19/

Warburton, D. E. R., Bredin, S. S. D., Horita, L. T. L., Zbogar, D., Scott, J. M.,
Esch, B. T. A., & Rhodes, R. E. (2007). The health benefits of interactive video

FIT TO GAME 55



game exercise. Applied Physiology, Nutrition, and Metabolism, 32(4), 655-663.
https://doi.org/10.1139/h07-038.

Watson, A., Lupton, D., & Michael, M. (2020). Enacting intimacy and sociality
at a distance in the COVID-19 crisis: the sociomaterialities of home-based
communication technologies. Media International Australia, 178(1), 136-150.
https://doi.org/10.1177/1329878X20961568.

Webster, A. (2009). Roots of rhythm: a brief history of the music game
genre. Retrieved from https://arstechnica.com/gaming/2009/03/ne-music-
game-feature/

Wijman, T. (2020). Three Billion Players by 2023: Engagement and Revenues
Continue to Thrive Across the Global Games Market. Retrieved from
https://newzoo.com/insights/articles/games-market-engagement-
revenues-trends-2020-2023-gaming-report

Yin, K., & Lee, M. D. (2019). When the mind moves freely, the body follows:
exergame design, evaluation, and the curious case of Pokémon GO. Journal
of Games, Self, and Society, 1(1), 36-65.

Zaiontz, C. (2021, 2021). Real Statistics Resource Pack software (Release
7.6). Retrieved from www.real-statistics.com

Zhu, W. (2019). If you are physically fit, you will live a longer and healthier
life: An interview with Dr. Steven N. Blair. Journal of Sport and Health Science,
8(6), 524-526. https://doi.org/10.1016/j.jshs.2019.09.006.

Zwift. (2022). Zwift. Retrieved from https://www.zwift.com/

56
KATHLEEN YIN, GILLIAN VESTY, STEFAN SCHUTT, DALE LINEGAR, &

VIKTOR ARITY


