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Abstract: In pandemic times, the possibilities for conventional sports activities are severely limited;
many sports facilities are closed or can only be used with restrictions. To counteract this lack of
health activities and social exchange, people are increasingly adopting new digital sports solutions—a
behavior change that had already started with the trend towards fitness apps and activity trackers.
Existing research suggests that digital solutions increase the motivation to move and stay active. This
work further investigates the potentials of digital sports incorporating the dimensions gender and
preference for team sports versus individual sports. The study focuses on potential users, who were
mostly younger professionals and academics. The results show that the SARS-CoV-19 pandemic had
a significant negative impact on sports activity, particularly on persons preferring team sports. To
compensate, most participants use more digital sports than before, and there is a positive correlation
between the time spent physically active during the pandemic and the increase in motivation through
digital sports. Nevertheless, there is still considerable skepticism regarding the potential of digital
sports solutions to increase the motivation to do sports, increase performance, or raise a sense of team
spirit when done in groups.

Keywords: digital sports; pandemic; fitness app; augmented reality; gamification; human-computer
interaction; mixed reality; wearable

1. Introduction

Sports and daily exercise are of enormous importance for maintaining body mobility
and mental health in the long term. The contact restrictions required in pandemic times
significantly reduce the possibilities for conventional indoor sports activities and even
for outdoor team sports. Gyms are closed or limited to medical training. Working from
home reduces movement even further: the daily commute to work and the corresponding
walking routines on the company premises are eliminated. Overall, these restrictions result
in drastic reductions in physical activity observed worldwide [1].

Digital health, defined as “the use of digital technologies for health” [2], is increasingly
recognized as a major driver of quality in healthcare. A recent meta-analysis [3] exemplifies
how such solutions can tremendously increase the quality of information and thus quality
of treatment. At the same time, digital solutions aimed at sports and prevention are very
successful; fitness trackers and smartwatches have already been established on the market
for several years. Like their professional counterparts in the health domain, such devices
monitor daily activities and exercises. Furthermore, they are designed to motivate persons
to increase health activities and sports in the long term, such as by employing gamification
elements. In pandemic times, solutions for digital health gain even more importance.
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To increase engagement, digital sports solutions for home use often employ aug-
mented reality (AR), virtual reality (VR), or even mixed reality (MR) technologies, which
previously have found little use in private households outside of the gaming domain. AR
enriches the real world with virtual elements, which overlay the real world to generate
live information or create immersion. In VR applications, on the other hand, users become
entirely immersed in the virtual world. In professional sports, this technology offers the
possibility of recreating stressful situations, such as large crowds and competitive situations.
MR is a hybrid of AR and VR. The definition of MR can vary, but it typically describes a
combination of AR and VR, allowing virtual objects to be anchored and interacted with
in the real world [4]. This allows the use of tools such as special glasses and gloves. For
example, at CES 2019 in Las Vegas, virtual training for field hockey players was presented.
A significant advantage of such mixed reality training is that it minimizes the risk of injury,
as interaction occurs exclusively with virtual opponents [5].

Recent work from Wilke et al. and others shows an increasing interest in “digital home
training” in times of pandemic [1]. Based on the theory of planned behavior (TPB, see
Section 2.3), we investigate how the pandemic influenced the acceptance of digital sports,
especially in terms of behavioral control and social norms. To explore and quantify these
effects and to see if there is a long-term change in behavior and norms, we conducted a
study. Our underlying main hypotheses are:

Hypothesis 1 (H1). Users who have stayed active during the pandemic also use more digital
sports solutions.

Hypothesis 2 (H2). Persons using digital sports solutions aim to continue using these in the long run.

The work is structured into five sections. First, we briefly investigate overall trends in
digital sports and examine three popular best practices. We then introduce basic concepts
regarding technology acceptance and discuss related studies, often focusing on the impact
of the pandemic on physical activity, health, and mental well-being. In the study, we
analyze and discuss how the 130 mostly young participants changed their views on digital
sports because of the pandemic and discuss the results. We particularly look at how gender
and the preference for individual sports or team sports affects the acceptance of digital
sports. The work concludes with a summary of the essential findings and a discussion of
limitations and future work.

2. Best Practices in Digital Sports

This section first portrays current digital sports solutions for private households,
focusing on fitness apps and fitness trackers. We then discuss three best practices in digital
sports that have gained prominence because of the coronavirus pandemic.

2.1. Digital Technologies in the Fitness and Health Market

In the Worldwide Survey of Fitness Trends 2021 of the ACSM’s Health & Fitness
Journal, a total of four digital technologies are in the top 20 ranking of all fitness trends
surveyed. Online training went from twenty-sixth place in 2020 to first place in 2021.
According to the survey, this can be attributed to the shift in the market caused by the
pandemic. Wearable technology, after two years at the first position, is now ranked second.
Virtual training is ranked sixth, and fitness apps twelfth [6].

Indeed, digital fitness apps, fitness trackers, and smartwatches have been established
in the market for several years and are gaining popularity. Fitness trackers and smart-
watches are called wearables, as they are worn on the body. These wearables are equipped
with various sensors, such as accelerometers, gyroscopes, and barometers. These sensors
determine health-related data, such as number of steps, energy consumption, or sleep
rhythm. Furthermore, the heart rate can be measured and reported via photoplethysmogra-
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phy [7]. Training sessions can be recorded, and it is possible to track nutritional behaviors.
In most cases, the generated data are then evaluated and visualized via the fitness app.

The Statista Digital Market Outlook for Germany shows that the pandemic has
strengthened the upward trend in terms of sales in the fitness tracker and fitness app
sector (Figure 1). Overall, in Germany alone, this market could grow to €568 million by the
end of 2024 [8].

Figure 1. Sales of wearables and fitness apps in Germany from 2017 to 2024. Own representation
based on Statista Digital Market Outlook [8].

During the pandemic, the market expanded due to new digital sports solutions that
can strongly affect the exercising experience at home. In the following, we describe three
best practices for digital health: the Peloton bike, the Vaha fitness mirror, and the fitness
game Ring Fit Adventure. These have been chosen because of their high number of users
and their popularity; for example, the Peloton ecosystem is being used by 2.3 million
subscribers worldwide in 2021 [9].

2.2. Peloton Bike

The Peloton Bike is a fitness bike designed for use at home. Unlike conventional
spinning bikes, it is equipped with a rotatable 24-inch HD touchscreen. In addition, the
bike has Wi-Fi and Bluetooth connectivity [10]. However, the unique feature of the Peloton
Bike is not its technology but its digital ecosystem, which potentially allows connecting to
thousands of courses and interacting with trainers and fellow competitors. In addition to
spinning classes, numerous other fitness courses, such as yoga and strength workouts, are
offered [11].

Although there are virtual training courses, the experience is not conventional VR
or AR; instead, one could say that the ecosystem creates an MR experience, as the user
merges with the community of other cyclists, where the ecosystem of courses, coaches, and
fellow competitors represents the “virtual” world. This combination effectively increases
the motivation to achieve top performance. Accordingly, in 2020, Peloton reported sales
of $1.8 billion, doubling the sales within one year, which is primarily attributable to the
pandemic [12].

2.3. Vaha Fitness Mirror

The Vaha fitness mirror is a workout mirror for use at home. In addition to different
workouts, the mirror offers the possibility to train live with a coach via an integrated video
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(Figure 2). This integration creates an experience that is closest to conventional AR settings,
as the coach can motivate and correct the execution of exercises. The integration of the
screen in the mirror is intended to cause users to focus exclusively on themselves and the
fitness experience and blend out everything else [13].

Figure 2. Vaha Fitness Mirror (Source: Vaha).

2.4. Nintendo Ring Fit Adventure

The fitness game Ring Fit Adventure from Nintendo is an add-on to the Nintendo
Switch game console and includes a Ring-Con and a leg strap to record movements and
the heart rate (Figure 3). The game’s goal is to defeat the “bodybuilder dragon” through
strength and yoga exercises. Ring Fit Adventure combines the classic gaming experience
with sports and is designed to motivate people to exercise more [14]. In this case, the
device moved by the user represents the real-world anchor [4] that directly interacts with
the virtual world. Unlike a regular controller, the whole body comes into play. Nintendo
regularly introduces such devices; predecessors were the Balance Board from 2009 and
to some extent even the Nunchuk controller for the Wii Remote shown at the 2005 Tokyo
Game Show, which used an accelerometer to incorporate arm movements into games like
the famous bowling game in Wii Sports.

Figure 3. Nintendo Ring Fit Adventure (Source: Nintendo).
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These examples show how different the starting points for digital sports can be: in
one case, the base device is the bike (Peloton), while in another, the primary device is the
gaming console (Nintendo Switch). The exercises in Ring Fit Adventure could probably be
more athletic, while the Peloton courses would benefit from increased gamification. Thus,
in the future, these solutions may begin to overlap and eventually even converge. The
new digitized exercise experiences integrate elements from VR and AR to create an MR
experience where the user is the center of attention. This focus is exemplified best by the
Vaha fitness mirror, which reflects and amplifies the trend for optical self-optimization
popular on apps such as Instagram or TikTok, allowing users to look at themselves while
improving the body.

3. Related Work

In this section, we first briefly introduce basic concepts and models regarding technol-
ogy acceptance, and then discuss several studies closely related to digital health as well as
the effects of the pandemic in more detail.

3.1. Technology Acceptance

While technology can improve and facilitate everyday life, individuals are often
unwilling to accept and use new systems [15]. As a consequence, technology acceptance
is crucial in all fields of application and considered one of the most established streams
of information system research [16]. Accordingly, several researchers have proposed
competing models to assess, explain, and predict technology acceptance and adoption.
Sohn and Kwon have compared the most popular technology acceptance theories to assess
their suitability for AI technologies [17]. They list as the most widely used theories the
technology acceptance model (TAM) [15], followed by the theory of planned behavior
(TPB) [18], the unified theory of acceptance and use of technology (UTAUT) [19], and the
value-based adoption model (VAM) [20].

The influential TAM investigates a system’s perceived usefulness, perceived ease of
use, and users’ behavioral intention to use. The TPB adds the dimensions of behavioral
control and social norms as crucial factors influencing users’ technology acceptance. The
construct “social norms” summarizes the effects of social environments and influences on
users’ opinion, while behavioral control refers to users’ ease of accessing a technological
product. Applying the TPB as a measurement object in the context of user acceptance
of innovative products found that, for their adoption, exogenous factors such as social
influence play a major role [17]. Accordingly, this theory was used to explain acceptance
of smart home services [21] and health cloud systems [22]. It also is a good basis for
investigating digital sport solutions.

3.2. Related Studies

Several recent studies show that the SARS-CoV-19 pandemic has had a negative impact
on both physical activity [1,23] and mental health [24]. However, younger individuals seem
to be more likely to maintain their activities than older individuals [23].

Consequently, numerous studies have investigated digital sports acceptance in the
context of the pandemic. Mutz et al. (2020) describe the use of digital media for home-based
sports activities [25]. This study shows that 23% of respondents used digital media for
sports activities at least one time during the pandemic. Publicly available fitness videos
from video platforms were used most frequently. A study from Wilke et al. (2021) also
shows the increasing interest in digital home training in times of pandemic [24]. In this
survey, 68% of the respondents indicated a high interest in digital home training. A third
study in the context of the pandemic examined the use of digital platforms for physical
activity [26]. These included digital platforms such as streaming services for exercise,
subscriber fitness programs, online live or recorded classes, and electronic games. Overall,
40% of adults and 27% of adolescents reported using digital platforms for physical activity.
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There is considerable interest in using digital sports solutions at home in a pandemic with
associated restrictions on social interactions [27].

Several studies have examined the impact of digital sports on the motivation to
exercise. Most of these studies focus on fitness apps, wearables, or both. For example, some
studies examine how different fitness apps increase the motivation to be active [28–30].
These studies unanimously support our hypotheses of positive correlations between the
acceptance of digital sports solutions and real-world exercise practice.

One study [29] looks at the increasing weight of college students from the United
States, which can have severe health consequences. The research examines how students
use fitness apps to change their behavior. By using questionnaires, students were asked
about app selection, behavioral goals, features, and reasons for continued use. Indeed,
most respondents downloaded the fitness apps to achieve a personal goal, and they felt
that the app had helped them achieve that goal. In addition, auditory and visual guidance
were considered helpful, as they drew attention to personal achievements.

Another study [31] also examined the motivational aspects of fitness apps. However,
in this work, the focus was on social interactions. While gamification plays a role in
most fitness apps, typically, individual, and competitive activities are dominant, while
aspects of social interaction plays less of a role. To investigate this potential, the research
team developed the game Healthy Together. In addition to the established individual and
competitive modes, this game features a cooperation mode. The study shows that the
users’ physical activity increased by 15% due to these collaborative activities. Furthermore,
significantly more messages were sent in the cooperation mode. There was a positive
correlation between the number of messages sent and physical activity. Based on these
results, design options including cooperative features for fitness apps could be derived for
practitioners [31].

As well as studies focusing on fitness apps, there is a considerable amount of studies
about wearables. Several studies support the assumptions that digital sports solutions
increase motivation and that wearables featuring a multitude of physiological sensors
are an effective and increasingly established way to achieve this [32–35]. One study [36]
explicitly compared the benefits of fitness apps and wearables. The focus was to examine
helpful elements for overcoming obesity. The results show that goal setting, tracking, and
feedback are the elements that most effectively increase motivation through fitness apps.
For wearables, functions like reminders and rewards add additional value [36].

Other researchers [35] have examined the reasons for purchasing wearable fitness
trackers with sensors. This is of importance because digital behavior tracking is controver-
sial in other situations, such as while browsing the web or writing messages. Four focus
groups discussed purchase intentions, fitness behaviors, and fitness tracker usage during
the study. The two main reasons for choosing a fitness tracker were personal responsibil-
ity and affiliation. Regarding personal responsibility, the participants indicated that the
wearable provided a motivating force and an ever-present reminder to exercise. Regarding
belonging, the participants indicated that noticing the tracker being worn by persons close
to them influenced them to participate by collaborating and competing. Gamification was
another important topic, as rewards and badges were considered appealing and motivating.
Competition among the group was a much-discussed topic. While competitions, such as
step challenges, had a motivating effect for many, there were also opposing voices. For
them, health and fitness were cooperative goals [35].

These results confirmed the findings of Chen & Pu (2014) discussed above: there
should be competitive and collaborative social activities [31]. The importance of the social
aspect is also highlighted by another study [37], which explored the relationship between
fitness or health and social media experiences. Interestingly, many participants believed
that they could improve their fitness routine by using social media. These results were
confirmed by other studies [38,39] describing the motivating potential of social media for
staying active.
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More recent studies also point out the critical aspects of social media in connection with
motivation for physical activity: One study [40] indicates that 17.4% of their participants
stated that they developed an increased level of psychological stress resulting from the
combination of social media and health or fitness.

In conclusion, the studies unanimously support the claim that fitness apps and wear-
ables help achieve a healthier lifestyle. Therefore, the combination of both apps and
wearables seems to be the most effective. Regarding social interactions, current solutions
stress individual performance and challenges while undervaluing the potential of positive
social interactions like collaborative challenges. This desire to “achieve something together”
rather than “fight against each other” is likely more intense in times of social isolation,
such as the current pandemic. Nevertheless, earlier research already indicates that positive
social interactions are underrepresented in digital sports and health applications.

4. Study

The study investigates digital sports and exercise activities: to what extent do they
motivate persons to remain active in pandemic times? Based on personal experience and
media coverage, we hypothesized positive correlations between the acceptance of digital
sports solutions and real-world exercise practice (H1, H2, see Section 1).

4.1. Method

We used a cross-sectional design survey study to identify the acceptance of digital
health solutions with a particular focus on social interactions. For the purpose of this study,
we created a Google Forms survey. The online questionnaire was distributed online in
March and April 2021, times of complete lockdown in Germany. To quantify lockdown
stringency, we determined the average Containment and Health Index (CHI, [41]). This
score considers several criteria to calculate a score highlighting the severity of “lockdown”
restrictions and other measures of general health protection. The average CHI over the
survey distribution period (14 March to 15 April 2021) was 71.0% out of 100%, emphasizing
the severity of the lockdown during this time in Germany. All participants understood the
study’s aims and gave informed consent to use the data.

The survey is divided into two sections, the first of which investigates the respondents’
sports activity before and during the pandemic. The questions are listed in Table 1.

Table 1. Questions regarding the sample.

S1 Before the pandemic, I spent x hours for sports activities per week. (number)
S2 During the pandemic, I spent x hours for sports activities per week. (number)
S3 Before the pandemic, I did the following sports. (free text)
S4 I use the following digital sport solutions. (free text)

The survey’s second part focuses on the influence of digital sports solutions on the
respondents’ activity. To allow better comparability of the results, a 5-point-Likert scale
(from fully disagree to fully agree) was used. The questions are listed in Table 2.

Table 2. Survey questions.

Q1 Regardless of the restrictions during the pandemic, I am just as active in sports
as I was before.

Q2 Since the start of the pandemic, I use more digital sports solutions than before.

Q3 Digital sports solutions motivate me to stay active in sports even in times
of pandemic.

Q4 My goal is to use the time during lock down to not lose overall fitness level.

Q5 Online fitness challenges and live online sports in groups increase the
motivation to do sports.

Q6 Online fitness challenges and live online sports in groups increase the sense of
belonging in times of pandemic.
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Table 2. Cont.

Q7 I own a fitness tracker/smart watch; by using it, I give more attention to my
daily exercise.

Q8 By using digital sports solutions, I was able to improve my
personal performance.

Q9 I will continue to use digital sports solutions after the pandemic.

4.2. Sample

We recruited 130 participants (81 female, 49 male) via WhatsApp groups and Insta-
gram. The sample included young academics and professionals from Germany. They were
deliberately selected as potential users of digital sports solutions, most of whom were
younger persons (Figure 4), with a mean age of M = 25.7 years (SD = 7.0). Only 12% of the
participants did not use any digital sports solutions. The majority used multiple digital
sports solutions; for example, 63% integrated social media (like YouTube) into their work-
outs, and 52% used fitness apps or fitness trackers. However, only 9% of the respondents
used fee-based digital sport solutions.

Figure 4. Histogram of the age distribution.

4.3. Data Processing and Statistics

Descriptive statistics are reported as mean with standard deviations for each item of
the survey. We used Wilcoxon rank-sum tests to analyze differences between each gender’s
responses, as the data are based on ordinal scales. Differences in the time spent performing
physical activity between before and during the pandemic were tested using a paired
sample t-test. Due to the novelty of the pandemic situation and the relatively low sample
size, we decided against alpha-level correction, since this would have reduced statistical
power and increased the risk of type 2 errors. We considered the chance of overlooking a
finding and thereby reducing the opportunity for further research as more harmful than
potentially committing a type 1 error in this analysis. To test specific hypotheses related to
the overall research question of the study, we calculated Spearman correlation coefficients
between the responses to the individual questions of the survey.

5. Results and Discussion

In this section, we describe and discuss the study results. For some aspects, we
clustered the participants according to two properties: gender and preference for team
versus individual sports. For determining this preference, the participants were asked
about their main sports activities (Tables 1 and 3). The answers were classified into two
groups: “mainly team sports” (n = 81), for example, soccer, and “mainly individual sports”
(n = 49), for example, gym training or running.
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Table 3. Means and standard deviations for the questions of all, female, and male participants as well
as participants preferring team sports versus participants preferring individual sports.

ID Questions (Q)
All

(n = 130)
M (SD)

Female
(n = 81)
M (SD)

Male
(n = 49)
M (SD)

Team Sports
(n = 81)
M (SD)

Individual
(n = 49)
M (SD)

Q1
Regardless of the restrictions during
the pandemic, I am just as active in
sports as I was before.

3.2 (1.4) 3.2 (1.3) 3.2 (1.6) 3.0 (1.4) 3.5 (1.5)

Q2
Since the start of the pandemic, I use
more digital sports solutions
than before.

3.6 (1.6) 3.8 (1.4) 3.2 (1.7) 3.8 (1.5) 3.3 (1.7)

Q3
Digital sports solutions motivate me
to stay active in sports even in times
of pandemic.

3.0 (1.4) 3.1 (1.3) 2.8 (1.4) 3.0 (1.3) 3.1 (1.4)

Q4
My goal is to use the time during
lockdown to not lose overall
fitness level.

4.0 (1.1) 4.0 (1.0) 3.9 (1.3) 3.9 (1.0) 4.0 (1.2)

Q5
Online fitness challenges and live
online sports in groups increase the
motivation to do sports.

3.2 (1.4) 3.4 (1.4) 2.9 (1.5) 3.5 (1.4) 2.7 (1.3)

Q6

Online fitness challenges and live
online sports in groups increase the
sense of belonging in times
of pandemic.

3.3 (1.3) 3.4 (1.2) 3.1 (1.4) 3.5 (1.3) 2.9 (1.2)

Q7
I own a fitness tracker/smart watch:
by using it, I give more attention to
my daily exercise.

2.9 (1.7) 3.1 (1.8) 2.7 (1.6) 2.8 (1.7) 3.2 (1.8)

Q8
By using digital sports solutions, I
was able to improve my personal
performance.

2.9 (1.4) 2.8 (1.4) 3.0 (1.4) 2.9 (1.3) 2.9 (1.5)

Q9 I will continue to use digital sports
solutions after the pandemic. 3.0 (1.3) 3.1 (1.3) 2.8 (1.4) 2.9 (1.3) 3.0 (1.4)

5.1. Time Spent with Physical Activity

Before the pandemic, the participants (complete population) were active for M = 5.2 h
(SD = 3.1 h) per week. During the pandemic, the activity dropped to M = 3.9 h (SD = 2.5 h).
We observed a wide spread of values indicating the different fitness levels of the respon-
dents. It is also noticeable that the standard deviation of physical activity before the
pandemic is higher than during the pandemic (Figure 5).

The inferential data analysis shows that, on average, physical activity and sports have
decreased significantly with t(129) = 5.5, p < 0.0000001 (Figure 6, first pair of columns).
When looking at the gender dimension, differences are minor; both genders significantly
reduced their sporting activity during the pandemic (Figure 6, second and third pair of
columns). However, there is a striking difference between persons favoring individual
sports before the pandemic, who only reduced the time spent with physical activities by
2.4% from 4.1 h (SD = 3.2 h) to 4.0 h (SD = 2.6 h), and persons preferring team sports, who
reduced the time significantly by 26.9% from 5.2 h (SD = 2.9 h) to 3.8 h (SD = 2.5 h, Figure 6,
fourth and fifth pair of columns). This difference is highly significant with t(81) = 4.5,
p < 0.000001.
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Figure 5. The impact of the pandemic on physical activity overall and clustered by gender and
preference for individual sports versus team sports. Bold font indicates a statistically significant
(p < 0.05) difference in physical activity between before and during the SARS-CoV-19 pandemic.

Figure 6. Diagram with means and standard deviations for the respective questions (Q1–Q9). The
p-values for the tests of differences between genders are plotted vertically. Bold font indicates a
statistically significant (p < 0.05) difference in the response between female and male participants.
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5.2. Digital Sports Acceptance

In the following, we outline the findings based on the nine survey questions. We
incorporate the dimensions of gender and preference for team sports versus individual
sports into our analysis.

Interestingly, when asked about their activity level compared to before the pandemic
(Q1), most participants answered neutrally (M = 3.2, SD = 1.4, Figure 6), although the
number of hours spent has been shown to be highly significantly lower. This finding shows
the tendency to euphemize adverse developments during more challenging times when
asked directly, stating that it is “not as bad as it looks”, though the above data show that it
is. While there are few differences related to gender, the persons who preferred team sports
(M = 3.5, SD = 1.5) were somewhat more aware that their behavior changed; however, the
difference is on the upper end of the threshold for being significant (p = 0.0496, Figure 7). It
is well known that team and individual athletes show different psychological traits [42–46].
In line with these findings, the results of this study highlight different needs between those
who participate in individual and team sports for maintaining physical activity levels. This
should be considered when planning digital or non-digital sports intervention programs
during pandemic restrictions [27].

Figure 7. Diagram with means and standard deviations for the respective questions (Q1–Q9). The
p-values for the tests of differences between participants who preferred team sports and those who
preferred individual sports are plotted vertically. Bold font indicates a statistically significant (p < 0.05)
difference in the response between participants with an affinity towards team sports compared to
participants with an affinity towards individual sports.

With M = 3.6 (SD = 1.6), the intensified use of digital sports (Q2) is apparent, although
there is considerable variance. In this case, 63.8% of the participants fully agreed, while
20.8% completely disagreed. Those who fully disagreed spent on average 5.9 h (SD = 3.7 h)
participating in physical activity before the pandemic and 4.0 h (SD = 3.4 h) during the
pandemic, which is a drop of 32.2%. For those who fully agreed, the corresponding times
only dropped from 5.2 h (SD = 3.1) to 4.1 h (SD = 2.4), equaling 21.2%. Thus, an affinity
towards digital sports seems to help compensate for restricted activities. This is the only
question where male and female respondents differed significantly (Figure 7): female
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participants were especially willing to use digital sports solutions. This result may be due
to a more fitness-oriented female lifestyle, while for many men, sports still need an element
of competition, which is less intense in digital sports solutions.

When participants were asked if digital sports motivated them to stay active in the
pandemic (Q3), there was some skepticism, with M = 3.0 (SD = 1.4). While 17.7% fully
disagreed and 18.5% fully agreed, most were neutral. Despite these reservations regarding
digital sports, the participants proved their determination to persist and not lose fitness
(Q4) (M = 4.0, SD = 1.1), which were both the highest affirmation and the lowest variation.
In this case, only 3.6% fully disagreed, while 38.8% fully agreed.

When asked if online fitness challenges and live online sports in groups increased
their motivation to do sports (Q5) or increased belonging (Q6), the answers are similar,
with M = 3.2 (SD = 1.4; Q5) and M = 3.3 (SD = 1.3; Q6), respectively. In particular, Q6
shows that 11.5% of users fully disagreed that there is potential for social interactions, while
20.8% fully agreed. When comparing the participants preferring team sports with those
preferring individual sports, the first group showed significantly higher motivation and
sense of belonging due to online fitness challenges and live online sports in groups (Q5, Q6,
Table 3, Figure 7). This finding further highlights the importance of considering the type of
sport (individual vs. team) when thinking about countermeasures against restrictions in
accessing traditional sports facilities.

When asked about the positive effects of fitness trackers (Q7), the opinion was largely
neutral, with M = 2.9 (SD = 1.7). When asked about the positive effects of fitness trackers
(Q7), the opinion was again largely neutral, with M = 2.9 (SD = 1.7). There were also many
neutral answers regarding the positive effects of digital sports on individual performance
(Q8), with M = 2.9 (SD = 1.4). Furthermore, when asked if they would continue using
digital sports after the pandemic (Q9), the neutral answers, with M = 3.0 (SD = 1.3), again
indicated skepticism. However, while 16.9% of the respondents fully disagreed, 14.4% said
that they would continue using digital sports solutions after the pandemic.

We explored the hypotheses regarding the use of digital sports during and after the
SARS-CoV-19 pandemic using correlation analyses (Table 4).

Table 4. Overview of Spearman correlation analyses between the results of selected questions.

Hypothesis Correlation between Correlation Coefficient

H3 Q1, Q3 r = 0.33
medium

H4 Q3, Q9 r = 0.65
large

Hypothesis 3 (H3). Persons who stay active during the pandemic also use more digital sports solutions.

Hypothesis 4 (H4). Persons who already use digital sports solutions aim to continue using these in
the long run.

Overall, we found positive correlation coefficients for both hypotheses. The classi-
fication as “medium” and “large” is based on Cohen [47]. While we are aware that this
classification is a subject of debate, more recent recommendations for categorization would
classify all r-values above 0.3 as “large” effects [48].

The result of H3 are of particular note. The positive correlation between the respon-
dents’ activity during the pandemic and the increase in motivation to remain active using
digital sports solutions supports the initial assumption: people who feel motivated to
remain active through digital sports solutions have been more active during the pandemic.

The large positive correlation for H4 shows that digital sports solutions should not
only be considered a temporary solution during the pandemic but also have a considerable
potential for continued use after pandemic times. Some digital sports solutions, such as
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online challenges, could continue to be integrated into team sports for training purposes to
make the sport more exciting and increase the effects of gamification. Thus, users, especially
males, would be more inclined to use such solutions.

6. Conclusions

In this study, we looked at the impact of the pandemic on physical activity and on
the acceptance of solutions for digital health and sports. Based on technology acceptance,
especially the theory of planned behavior (TPB), we discussed three popular best practices
in digital sports solutions: the Peloton bike, the Vaha Fitness Mirror, and the Nintendo
Ring Fit Adventure game. Although coming from different starting points, these solutions
integrate gamification and elements from VR and AR to create an experience where the
user is the center of attention.

The related work unanimously supports the claim that digital sports solutions like
fitness apps and wearables help to achieve a healthy lifestyle. Recent work also indicates
that the general acceptance of digital sports solutions has increased during the pandemic.
Regarding social interactions, current solutions stress individual performance and chal-
lenges while undervaluing the potential of positive social interactions like collaborative
challenges, which would be especially important in pandemic times.

Indeed, our evaluation of sports activity before and during the pandemic clearly shows
that the pandemic has had a significant negative impact on sports activity, particularly for
participants who preferred team sports before the pandemic. Most participants used more
digital sports solutions than before. There is a positive correlation between the physically
active time during the pandemic and the increase in motivation through digital sporting
activities (r = 0.33), and many persons using digital sports aimed to continue doing so after
the pandemic (r = 0.65).

Although we found that participants were strongly determined not to decrease their
overall fitness level, there was still considerable skepticism regarding the potential of digital
sports solutions to increase motivation to participate in sports, improve performance, or
create a sense of belonging when being physically active in groups. Male participants, in
particular, seem to miss the element of direct competition found in regular team sports.

These results confirm findings from existing work and offer new insights into how the
pandemic influences the acceptance of digital sports solutions and social interactions. The
findings can inform the design of interventions in pandemic times as well as future digital
sports solutions. Amongst others, the following practical recommendations can be made:

• The study results highlight different needs between those with preferences for in-
dividual and team sports for maintaining physical activity levels. These should be
considered when planning digital or non-digital sports intervention programs during
pandemic restrictions.

• Future digital sports solutions should integrate more collaborative challenges to
increase both the sense of belonging through collaboration and the ability to compete
with others.

• This is especially true for men and for persons who prefer team sports. Male team play-
ers were most affected by the pandemic and experienced the greatest decrease in health
activities, and thus they should be especially targeted by new digital sport solutions.

Limitations and Future Work

As indicated previously, the study sample is not representative—not even for the
German population. However, the users represent a typical sample of mostly young
academics and professionals who have technological affinity and sufficient income to
potentially buy and use the new solutions for digital sports.

We did not perform correction of alpha levels for multiple testing. Therefore, there is a
likelihood that some findings were the result of alpha-error accumulation. However, in this
novel pandemic situation, we decided that increasing the risk of overlooking a potentially
important finding (type 2 error) due to reducing statistical power by alpha-level adjustment
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may produce poorer research outcomes than strictly avoiding the risk of committing a type
1 error.

It is also important to note that the questions almost entirely focus on positive out-
comes like increased motivation or personal performance. Future work should also consider
the dangers posed by digital sports, particularly in combination with social media and the
trend for self-optimization. Aspects such as the social pressure a regular or even permanent
tracking of physiological activity can impose should be explored.
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Applications in the Sport Industry. In Proceedings of the 2020 2nd International Conference on E-Business and E-commerce
Engineering, Bangkok, Thailand, 29–31 December 2021; ACM: Bangkok, Thailand, 2020; pp. 55–59. [CrossRef]

6. Thompson, W.R. Worldwide Survey of Fitness Trends for 2021. ACSM’s Health Fit. J. 2021, 25, 10–19. Available online: https:
//journals.lww.com/acsm-healthfitness/Fulltext/2021/01000/Worldwide_Survey_of_Fitness_Trends_for_2021.6.aspx (accessed
on 19 November 2021). [CrossRef]

7. Henriksen, A.; Haugen Mikalsen, M.; Woldaregay, A.Z.; Muzny, M.; Hartvigsen, G.; Hopstock, L.A.; Grimsgaard, S. Using Fitness
Trackers and Smartwatches to Measure Physical Activity in Research: Analysis of Consumer Wrist-Worn Wearables. J. Med.
Internet Res. 2018, 20, e110. [CrossRef] [PubMed]

8. Statista, S.D.M. Umsatz mit Wearables und Fitness-Apps in Deutschland in den Jahren 2017 bis 2024. 2020. Available online:
https://de.statista.com/outlook/dmo/eservices/fitness/Deutschland (accessed on 14 March 2021).

9. Abonnentenanzahl von Peloton Weltweit Bis 2021|Statista. Available online: https://de.statista.com/statistik/daten/studie/12
18425/umfrage/abonnenten-von-peloton-weltweit/ (accessed on 19 November 2021).

10. Hüber, F. Peloton Bike+: Neues Spinning-Bike und neue Kurse für Deutschland. ComputerBase GmbH. February 2020. Avail-
able online: https://www.computerbase.de/2020-09/peloton-bike-neues-spinning-bike-kurse-deutschland/ (accessed on
28 March 2021).

11. Hänssler, M. Peloton im Test: Lohnt sich das Luxus-Spinning-Bike für zu Hause? Fit for Fun (FOCUS Online Group GmbH). De-
cember 2020. Available online: https://www.fitforfun.de/tests/produkttest/peloton-im-test-lohnt-sich-das-luxus-spinningbike-
426171.html (accessed on 28 March 2021).

12. Peloton, I.S. Weltweiter Umsatz des Fitnessanbieters Peloton von 2017 bis 2020 (in Millionen US-Dollar). September 2020.
Available online: https://de.statista.com/statistik/daten/studie/1218644/umfrage/peloton-umsatz-weltweit/ (accessed on
27 March 2021).

13. Klostermeier, T. VAHA im Test: Überzeugt der smarte Workout-Spiegel für zu Hause? Fit for Fun (FOCUS Online Group GmbH).
December 2020. Available online: https://www.fitforfun.de/tests/produkttest/vaha-smarter-fitness-spiegel-mit-personal-
training-fuer-zu-hause-im-test-458428.html (accessed on 28 March 2021).

http://doi.org/10.3390/ijerph18052235
http://doi.org/10.2196/23479
http://www.ncbi.nlm.nih.gov/pubmed/33835034
http://doi.org/10.1145/3290605.3300767
http://doi.org/10.1145/3446922.3446932
https://journals.lww.com/acsm-healthfitness/Fulltext/2021/01000/Worldwide_Survey_of_Fitness_Trends_for_2021.6.aspx
https://journals.lww.com/acsm-healthfitness/Fulltext/2021/01000/Worldwide_Survey_of_Fitness_Trends_for_2021.6.aspx
http://doi.org/10.1249/FIT.0000000000000631
http://doi.org/10.2196/jmir.9157
http://www.ncbi.nlm.nih.gov/pubmed/29567635
https://de.statista.com/outlook/dmo/eservices/fitness/Deutschland
https://de.statista.com/statistik/daten/studie/1218425/umfrage/abonnenten-von-peloton-weltweit/
https://de.statista.com/statistik/daten/studie/1218425/umfrage/abonnenten-von-peloton-weltweit/
https://www.computerbase.de/2020-09/peloton-bike-neues-spinning-bike-kurse-deutschland/
https://www.fitforfun.de/tests/produkttest/peloton-im-test-lohnt-sich-das-luxus-spinningbike-426171.html
https://www.fitforfun.de/tests/produkttest/peloton-im-test-lohnt-sich-das-luxus-spinningbike-426171.html
https://de.statista.com/statistik/daten/studie/1218644/umfrage/peloton-umsatz-weltweit/
https://www.fitforfun.de/tests/produkttest/vaha-smarter-fitness-spiegel-mit-personal-training-fuer-zu-hause-im-test-458428.html
https://www.fitforfun.de/tests/produkttest/vaha-smarter-fitness-spiegel-mit-personal-training-fuer-zu-hause-im-test-458428.html


Int. J. Environ. Res. Public Health 2022, 19, 596 15 of 16

14. Seils, L. Fit durch Gaming? Ring Fit Adventure für die Nintendo Switch im Test. Fit for Fun (FOCUS Online Group GmbH).
November 2020. Available online: https://www.fitforfun.de/tests/produkttest/fit-durch-gaming-das-spiel-ring-fit-adventure-
fuer-nintendo-switch-458043.html (accessed on 28 March 2021).

15. Davis, F.D. Perceived Usefulness, Perceived Ease of Use, and User Acceptance of Information Technology. MIS Q. 1989, 13,
319–340. [CrossRef]

16. Venkatesh, V.; Thong, J.; Xu, X. Unified Theory of Acceptance and Use of Technology: A Synthesis and the Road Ahead. J. Assoc.
Inf. Syst. 2016, 17, 328–376. [CrossRef]

17. Sohn, K.; Kwon, O. Technology acceptance theories and factors influencing artificial Intelligence-based intelligent products.
Telemat. Inform. 2020, 47, 101324. [CrossRef]

18. Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179–211. [CrossRef]
19. Venkatesh, V.; Morris, M.G.; Davis, G.B.; Davis, F.D. User Acceptance of Information Technology: Toward a Unified View. MIS Q.

2003, 27, 425–478. [CrossRef]
20. Kim, H.-W.; Chan, H.C.; Gupta, S. Value-based Adoption of Mobile Internet: An empirical investigation. Decis. Support Syst. 2007,

43, 111–126. [CrossRef]
21. Yang, H.; Lee, H.; Zo, H. User acceptance of smart home services: An extension of the theory of planned behavior. Ind. Manag.

Data Syst. 2017, 117, 68–89. [CrossRef]
22. Hsieh, P.-J. Healthcare professionals’ use of health clouds: Integrating technology acceptance and status quo bias perspectives.

Int. J. Med. Inf. 2015, 84, 512–523. [CrossRef]
23. Mutz, M.; Gerke, M. Sport and exercise in times of self-quarantine: How Germans changed their behaviour at the beginning of

the COVID-19 pandemic. Int. Rev. Sociol. Sport 2020, 56, 305–316. [CrossRef]
24. Wilke, J.; Hollander, K.; Mohr, L.; Edouard, P.; Fossati, C.; González-Gross, M.; Sánchez Ramírez, C.; Laiño, F.; Tan, B.; Pillay, J.D.;

et al. Drastic Reductions in Mental Well-Being Observed Globally During the COVID-19 Pandemic: Results from the ASAP
Survey. Front. Med. 2021, 8, 578959. [CrossRef]

25. Mutz, M.; Müller, J.; Reimers, A.K. Use of Digital Media for Home-Based Sports Activities during the COVID-19 Pandemic:
Results from the German SPOVID Survey. Int. J. Environ. Res. Public Health 2021, 18, 4409. [CrossRef] [PubMed]

26. Parker, K.; Uddin, R.; Ridgers, N.D.; Brown, H.; Veitch, J.; Salmon, J.; Timperio, A.; Sahlqvist, S.; Cassar, S.; Toffoletti, K.; et al. The
Use of Digital Platforms for Adults’ and Adolescents’ Physical Activity During the COVID-19 Pandemic (Our Life at Home):
Survey Study. J. Med. Internet Res. 2021, 23, e23389. Available online: https://www.jmir.org/2021/2/e23389 (accessed on
19 November 2021). [CrossRef]

27. Wilke, J.; Mohr, L.; Tenforde, A.S.; Edouard, P.; Fossati, C.; González-Gross, M.; Ramirez, C.S.; Laiño, F.; Tan, B.; Pillay, J.D.; et al.
Restrictercise! Preferences Regarding Digital Home Training Programs during Confinements Associated with the COVID-19
Pandemic. Int. J. Environ. Res. Public. Health 2020, 17, 6515. [CrossRef]

28. Chaloupský, D.; Hrušová, D.; Chaloupská, P. Use of Fitness Trackers in Fitness Running Classes to Enhance Students’ Motivation.
In Blended Learning: Educational Innovation for Personalized Learning; Cheung, S.K.S., Lee, L.-K., Simonova, I., Kozel, T., Kwok, L.-F.,
Eds.; Springer International Publishing: Cham, Germany, 2019; Volume 11546, pp. 303–315. ISBN 978-3-030-21561-3. [CrossRef]

29. Gowin, M.; Cheney, M.; Gwin, S.; Wann, T. Health and Fitness App Use in College Students: A Qualitative Study. Am. J. Health
Educ. 2015, 46, 223–230. [CrossRef]

30. Mokmin, N.A.M.; Jamiat, N. The effectiveness of a virtual fitness trainer app in motivating and engaging students for fitness
activity by applying motor learning theory. Educ. Inf. Technol. 2020, 26, 1847–1864. [CrossRef]

31. Chen, Y.; Pu, P. HealthyTogether: Exploring social incentives for mobile fitness applications. In Proceedings of the Second
International Symposium of Chinese CHI on-Chinese CHI ’14, Toronto, ON, Canada, 26–27 April 2014; ACM Press: Toronto, ON,
Canada, 2014; pp. 25–34. [CrossRef]

32. Lewis, Z.H.; Pritting, L.; Picazo, A.-L.; JeanMarie-Tucker, M. The utility of wearable fitness trackers and implications for increased
engagement: An exploratory, mixed methods observational study. Digit. Health 2020, 6, 205520761990005. [CrossRef]

33. Lunney, A.; Cunningham, N.; Eastin, M. Wearable fitness technology: A structural investigation into acceptance and perceived
fitness outcomes. Comput. Hum. Behav. 2016, 65, 114–120. [CrossRef]

34. Maher, C.; Ryan, J.; Ambrosi, C.; Edney, S. Users’ experiences of wearable activity trackers: A cross-sectional study. BMC Public
Health 2017, 17, 880. [CrossRef]

35. Vooris, R.; Blaszka, M.; Purrington, S. Understanding the wearable fitness tracker revolution. Int. J. Sociol. Leis. 2019, 2, 421–437.
[CrossRef]

36. Alturki, M. A Systematic Review on What Features Should be Supported by Fitness Apps and Wearables to Help Users Overcome
Obesity. Int. J. Res. Eng. Technol. 2016, 5, 197–206.

37. Frimming, R.E.; Polsgrove, M.J.; Bower, G.G. Evaluation of a Health and Fitness Social Media Experience. Am. J. Health Educ.
2011, 42, 222–227. [CrossRef]

38. Al-Eisa, E.; Al-Rushud, A.; Alghadir, A.; Anwer, S.; Al-Harbi, B.; Al-Sughaier, N.; Al-Yoseef, N.; Al-Otaibi, R.; Al-Muhaysin, H.A.
Effect of Motivation by “Instagram” on Adherence to Physical Activity among Female College Students. BioMed Res. Int. 2016,
2016, 1546013. [CrossRef]

https://www.fitforfun.de/tests/produkttest/fit-durch-gaming-das-spiel-ring-fit-adventure-fuer-nintendo-switch-458043.html
https://www.fitforfun.de/tests/produkttest/fit-durch-gaming-das-spiel-ring-fit-adventure-fuer-nintendo-switch-458043.html
http://doi.org/10.2307/249008
http://doi.org/10.17705/1jais.00428
http://doi.org/10.1016/j.tele.2019.101324
http://doi.org/10.1016/0749-5978(91)90020-T
http://doi.org/10.2307/30036540
http://doi.org/10.1016/j.dss.2005.05.009
http://doi.org/10.1108/IMDS-01-2016-0017
http://doi.org/10.1016/j.ijmedinf.2015.03.004
http://doi.org/10.1177/1012690220934335
http://doi.org/10.3389/fmed.2021.578959
http://doi.org/10.3390/ijerph18094409
http://www.ncbi.nlm.nih.gov/pubmed/33919180
https://www.jmir.org/2021/2/e23389
http://doi.org/10.2196/23389
http://doi.org/10.3390/ijerph17186515
http://doi.org/10.1007/978-3-030-21562-0_25
http://doi.org/10.1080/19325037.2015.1044140
http://doi.org/10.1007/s10639-020-10337-7
http://doi.org/10.1145/2592235.2592240
http://doi.org/10.1177/2055207619900059
http://doi.org/10.1016/j.chb.2016.08.007
http://doi.org/10.1186/s12889-017-4888-1
http://doi.org/10.1007/s41978-018-00022-y
http://doi.org/10.1080/19325037.2011.10599191
http://doi.org/10.1155/2016/1546013


Int. J. Environ. Res. Public Health 2022, 19, 596 16 of 16

39. Teodoro, R.; Naaman, M. Fitter with Twitter: Understanding Personal Health and Fitness Activity in Social Media. In Proceedings
of the International AAAI Conference on Web and Social Media, Stanford, CA, USA, 25–28 June 2018; Volume 7. Available online:
https://ojs.aaai.org/index.php/ICWSM/article/view/14417 (accessed on 20 November 2021).

40. Raggatt, M.; Wright, C.J.C.; Carrotte, E.; Jenkinson, R.; Mulgrew, K.; Prichard, I.; Lim, M.S.C. “I aspire to look and feel healthy like
the posts convey”: Engagement with fitness inspiration on social media and perceptions of its influence on health and wellbeing.
BMC Public Health 2018, 18, 1002. [CrossRef]

41. Hale, T.; Angrist, N.; Goldszmidt, R.; Kira, B.; Petherick, A.; Phillips, T.; Webster, S.; Cameron-Blake, E.; Hallas, L.; Majumdar, S.;
et al. A global panel database of pandemic policies (Oxford COVID-19 Government Response Tracker). Nat. Hum. Behav. 2021, 5,
529–538. [CrossRef] [PubMed]

42. Zeng, H.Z. The differences between anxiety and self-confidence between team and individual sports college varsity athletes. Int.
Sports J. 2003, 7, 28.

43. Pluhar, E.; McCracken, C.; Griffith, K.L.; Christino, M.A.; Sugimoto, D.; Meehan, W.P. Team Sport Athletes May Be Less Likely To
Suffer Anxiety or Depression than Individual Sport Athletes. J. Sports Sci. Med. 2019, 18, 490–496.

44. Nia, M.E.; Besharat, M.A. Comparison of athletes’ personality characteristics in individual and team sports. Procedia Soc. Behav.
Sci. 2010, 5, 808–812. [CrossRef]

45. Kajbafnezhad, H.; Ahadi, H.; Heidarie, A.R.; Askari, P.; Enayati, M. Difference between team and individual sports with respect
to psychological skills, overall emotional intelligence and athletic success motivation in Shiraz city athletes. J. Phys. Educ. Sport
2011, 11, 249.

46. Van de Pol, P.K.C.; Kavussanu, M. Achievement motivation across training and competition in individual and team sports. Sport
Exerc. Perform. Psychol. 2012, 1, 91–105. [CrossRef]

47. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Routledge: London, UK, 2013; ISBN 978-1-134-74277-6.
48. Gignac, G.E.; Szodorai, E.T. Effect size guidelines for individual differences researchers. Personal. Individ. Differ. 2016, 102, 74–78.

[CrossRef]

https://ojs.aaai.org/index.php/ICWSM/article/view/14417
http://doi.org/10.1186/s12889-018-5930-7
http://doi.org/10.1038/s41562-021-01079-8
http://www.ncbi.nlm.nih.gov/pubmed/33686204
http://doi.org/10.1016/j.sbspro.2010.07.189
http://doi.org/10.1037/a0025967
http://doi.org/10.1016/j.paid.2016.06.069

	Introduction 
	Best Practices in Digital Sports 
	Digital Technologies in the Fitness and Health Market 
	Peloton Bike 
	Vaha Fitness Mirror 
	Nintendo Ring Fit Adventure 

	Related Work 
	Technology Acceptance 
	Related Studies 

	Study 
	Method 
	Sample 
	Data Processing and Statistics 

	Results and Discussion 
	Time Spent with Physical Activity 
	Digital Sports Acceptance 

	Conclusions 
	References

