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Abstract
As virtual reality (VR) technology is extensively developing in past years, more and more people are using it in different 
fields. One of the fast-developing areas in VR is exergaming, a combination of physical exercise and a game. VR exergames 
that aim to engage people in physical activity should look and feel good for users regardless of their age, gender, or their 
previous VR experience with similar technologies. However, recent studies showed that those factors are influencing the user 
experience (UX) with virtual reality. Building on top of the initial study that has reported on the effect of human influencing 
factors for exergaming, with this work, we investigated the influence of user parameters (such as age, gender, and previous 
VR experience) on their motivation for sports and VR exergaming. The study was done using a crowdsourcing platform to 
recruit a diverse set of participants, with the aim to explore how different user factors are connected to sports motivation. 
Results show significant differences in the user’s sports motivation and affinity for technology interaction depending on the 
age group, gender, previous experience with VR, their weekly exercise routine, and how much money they spend on sports 
yearly.
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Introduction

Use cases for virtual reality (VR) today are various with the 
possibilities to create and immerse users in different envi-
ronments [7]. Those virtual environments (VE) are replicat-
ing or even enhancing the real world [59], creating more 
opportunities and a bigger market for VR. The consumer 
market for immersive technologies is growing every year. 
By the end of 2020, it is estimated that VR alone will bring 
around 2.6 billion dollars in revenue around the world [56]. 
Predictions and estimations for the near future are that those 
numbers are just going to grow even larger. Most of its cur-
rent popularity can be connected to the VR gaming industry. 
Still, VR technology can be found and used in many other 
fields such as medicine, architecture, learning, tourism, and 
sports [9]. In those fields, the VR application’s purpose is 
not the game itself, but instead, it uses the game-design prin-
ciples in a non-game context [64] and is not aiming only 
at entertainment. That is why those games are called seri-
ous games [15]. One example of such a serious game is VR 
exergaming. VR exergaming is a combination of playing 
VR games that require physical exertion, movements, and 
activities such as strength, balance, and flexibility [41]. VR 
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exergaming is gaining much attention lately because it is 
including opportunities for VR technology and allows indi-
viduals to play exergames at home [6].

Exergaming is not only reserved for professional athletes 
or gamers but can also be used in the health care domain 
[43]. Exergaming can as well be included in many applica-
tions such as rehabilitation, injury treatment, and prevention 
[4, 21]. With the idea of increasing the motivation of people 
for exercising, inclusiveness is essential. Therefore the target 
age group for exergaming is starting from young children 
[8], over adolescents [2] who are specifically interested in 
video games to adults. However, that doesn’t mean that the 
elderly are excluded [69], motivating them to perform sports 
exercises is of high interest.

By the idea of user centered design [22], while creating 
the application, it should be attempted to provide a solu-
tion that is highly responding to the user’s needs. Depend-
ing on how successfully this methodology is implemented 
in the application, the user experience will be better [35]. 
Additionally, to ensure the best user experience, user factors 
such as age, gender, and prior computing experience must 
be taken into consideration [12]. Including those factors 
to understand the better user experience of some technol-
ogy is not uncommon in research. For example, a recent 
study has been done investigating the influence of human 
factors on quality of experience with 360◦ videos [53], in 
particular exploring the influence based on the generations. 
In particular, the research had focus on generation Z, are 
true digital natives and as they are the generation that could 
most exploit this type of new media. Research is reporting 
that participants who were 18 to 26 years old (Generation Z), 
assess positively enjoyment, quality and degree of realism 
for the VR set-up. Additionally, this study is also reporting 
on gender as an influencing factor for VR set-ups, as women 
are reported to display an increased sensitivity compared to 
men. Another study also reported how gender affects the 
perception of multimodal human–machine interfaces. The 
study [50] has shown that male participants have better user 
performance with a naturalistic conversational speech inter-
face compared to females. As well, for the same technical 
set-up, there was a significant effect of age on ratings of 
how easily the information could be obtained. A group of 
participants of older age have rated it as not easy, indicating 
that they might have to put more work into solving tasks than 
younger participants. Similar effects can be found in other 
studies as well, for example, for online communication [57]. 
Based on age differences, users have different preferences for 
online communication.

Additionally, there has been research done as well about 
preferences based on the different user age groups and exer-
gaming. In particular, the games that were researched were 
interested those with the whole body interactivity having 
elderly people in focus [63]. Results of the study are having 

the goal to see if there were differences in how the elderly 
and younger people perceived the games, and it was found 
that the actions participants took in exergame changed with 
their age. Based on the differences found and analysis of 
the tasks and age of participants this research is defining 10 
suggestions on the design of exergames for elderly users. 
Further on, recently, some similar studies have also been 
done in VR with a focus on cybersickness and presence. 
For 3D video content, results have shown a significant 
effect depending on gender, where female participants have 
reported feeling more present and less nauseous in the vir-
tual environment [40]. Moreover, for sports-specific con-
tent in VR, researchers are proposing different duration of 
VR exposure based on age and gender [44]. An additional 
rather understudied influencing fact is the social impact. 
Meaning how does the presence of other people around a 
user in a virtual environment changes the experience itself. 
For example, [60] simulated the amount of people around 
users playing virtual reality games in public spaces. When 
it comes to VR exergaming and choosing between gamified 
and numerical user interface, age, and gender again showed 
to be important factors for different user preferences [31]. 
Younger and male participants preferred gamified visualiza-
tion of the user interface for VR rowing exergames. Addi-
tionally, previous VR experience was an essential factor for 
overall rating as those users who had more VR experience 
have rated the overall quality of a gamified visualization 
significantly higher.

However, to our knowledge, no study has been done to 
investigate user factors for VR exergaming to find relation-
ships and connections with motivation for sports and affinity 
for technology. Therefore, this paper investigates the influ-
ence of user parameters (such as age, gender and previous 
VR experience) on the motivation for sports and VR exer-
gaming. This was specifically motivated based on the ini-
tial study where the VR exergame was rowing, which has 
shown several different effects on user experience based on 
the influence of human factors. Such VR exergame research 
has defined what influence factors are but has not yet inves-
tigated their relationship, in particular when it comes to the 
connection between sports motivation and VR exergaming. 
Therefore, the motivation of this work is to explore the rela-
tionship between users’ affinity for technology and sports 
motivation, so that designing the user experience for VR 
exergames could be done with respect to such users’ profiles.

With this aim, the remainder of this paper is organized 
as follows. The next section gives an overview of related 
work and in particular explains the initial study as the basis 
and motivation for this paper. Section 3 is presenting the 
methodology for crowdsourced study and details about the 
test design. The results of the conducted experiment will be 
summarized in Sect. 4, while Sect. 5 provides a discussion 
of the findings.
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Related work

Overall, this section presents the important aspects in physi-
ology such as motivation that is also used to create a good 
user experience, and in particular research that has been 
done related to the field of exergames. Special focus is put 
on the initial study that already reported how human fac-
tors could be influencing user experience. However, this 
research aims to further explore connections of user profiles 
in particular between technology, sports motivation and VR 
exergames.

Initial study

With the recent improvements and better availability of 
immersive virtual reality devices on the market, [55], new 
use cases such as VR exergaming are becoming more popu-
lar [33]. As sport [10] or video games [13] are an essential 
part of the life of many people, the use case of combining 
both can provide even better motivation and user experience 
if created and designed in a proper way [18]. In particular, 
for outside sports that can be depending on weather con-
ditions. In those use cases, VR can bring the feeling and 
experience of a real environment. At the same time, VR 
can also add gamification and influence challenges and user 
motivation. One example of such a sport is rowing. That 
is why we chose rowing to be the sport for VR exergame 
in our research. To explore user preferences, motivation, 
and design for the best user experience for VR rowing, we 
have previously done several studies to determine the influ-
ence of different virtual environments, network parameters 
and designs of user interfaces. With the following section, 
it is summarized the most important parts of the research, 
which are used as the starting point and motivation for 
further investigation of human influencing factors for VR 
exergames.

Set‑up of initial study

The main parts used to create the VR rowing exergame are 
a rowing ergometer, a virtual reality head-mounted display 
(HMD) or a 360◦ CAVE environment. The rowing ergometer 
was the Augletics Eight1 that has the opportunity to pro-
vide the VE system with rowing parameters (for example, 
stroke force and speed) via an HTTP connection. This input 
from the ergometer sensor itself has been used directly to 
model the movement of two oars and a scull in a virtual 
environment. Besides the tailored REST API, this ergom-
eter also has an improved electronically controlled brake, 
providing more realistic and quieter exercise. For the VR 
head-mounted display, the system that has been used is HTC 
Vive. To fully work, the HMD must be connected to a gam-
ing notebook, together which two HTC base stations. Fig-
ure 1 presents how the system was used. Another option for 
viewing and playing the VR rowing exergame is the CAVE 
environment. The used one was the Data Arena,2 and it can 
be compared with a CAVE2 environment [17]. It contains 
six projectors that create a 360◦ panoramic screen with a 
stereoscopic video that can be seen with 3D glasses. The 
application for VR rowing itself was made as a Unity pro-
ject. The virtual environment is visualizing a summer lake 
and some mountains in the distance. The player is placed 
in a red scull on the lake and can row using the ergometer 
handles. It is essential to mention that the cyber sickness 
induced by the app is minimized as the movement in the 
virtual scene is aligned with the movements user is perform-
ing on the ergometer in the real world. Further on, in the 
virtual environment, some additional options were added to 
compare the influence of the user interface’s (UI) position 

Fig. 1  Outside view on a setup 
for VR rowing exergame, where 
player is rowing with a HMD 
and VE is seen on the notebook 
screen

1 https:// www. augle tics. de/ en/.
2 http:// www. dataa rena. net/.

https://www.augletics.de/en/
http://www.dataarena.net/
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and complexity. Therefore, in the application, it is possible 
to choose an option to see metrics (such as rowing speed) 
in a gamified or numeric visualization. Also, it is possible 
to choose the location of those metrics as a cockpit or as a 
coach boat that follows the player.

Additionally, the Unity application has an option to 
collect the sensor data and to compute the correct timing 
for breathing in and out. The calculation is done with the 
lung’s current stretch monitored by a breathing sensor and 
the rowing handlebar position. Therefore, the system can be 
expanded by adding the breathing sensor the BreathZpot.3 
The sensor has to be attached to the lower part of the par-
ticipant’s breastbone and measure breathing.

As correct breathing rhythm is vital in sports, the virtual 
environment has also been enhanced with a visualization of 
lung pictograms. The pictogram is visualizing breathing as 
a gradually filling and emptying in real-time. The breathing 
actuator GHOST - feel it4 provided a haptic impulse when-
ever athletes should start breathing out.

Effects on user experience

Several studies with different focuses have been done with 
the VR rowing system set-up to understand how to improve 
the user experience for VR exergaming. For example, dif-
ferent virtual environments (HMD and CAVE) [54] were 
compared. As the HMD setting can create a better feeling 
of presence, most participants favored it. Also, to investigate 
multiplayer rowing racing and settings for the VR environ-
ment, another study has been done [32]. Furthermore, as 
breathing is important in sports for achieving better results, 
a study about breathing UI visualizations [30] and with dif-
ferent haptic feedback [23] have been implemented. Results 
have shown not only one preferred option but rather that 
users would use different settings based on their profile. A 
study about investigating visualization and design options 
[31] has been done for the user interface in VR when it 
comes to positioning and complexity of game elements in 
VR rowing exergame. Results have reported different user 
experience depending on positioning and complexity of ele-
ments, and about having two equal preferences for opposite 
visualizations. Even though both preferred visualizations 
have some advantages and disadvantages, it is interesting 
to notice that preferred settings are dependant on the user 
groups.

With the aim to design the best user experience for VR 
rowing, participants were asked about their preferences for 
visualization of rowing metrics. Metrics that have been visu-
alized include the speed of rowing; time spent rowing, and 

distance that the player has covered rowing. Two different 
visualizations were made for those metrics - a numerical 
version displaying just numbers and a gamified version dis-
playing speedometers and a progress bar. Besides multiple 
representations for the metrics were developed, also two 
different positions for them were designed - a cockpit and 
a coach boat following the player. However, when asked 
about the preferred visualization, participants have reported 
different opinions. Results have shown that participants have 
rated differently based on their age, gender, and previous 
VR experience. Younger participants reported feeling better 
support and clearer gamified visualization of metrics. Fur-
thermore, they have also rated the overall quality of experi-
ence better for metrics displayed as the cockpit in front of 
the player.

In contrast, older participants have rated the overall qual-
ity of experience as higher for metrics displayed as coach 
boat, and stated that the digital visualization is clearer for 
them. Similar to age, based on gender, different ratings for 
overall and pragmatic quality of experience were reported. 
Men have rated higher experience for the gamified version 
for metrics, while for women, it was higher for digital visu-
alization. At last, the same effect about different user pref-
erences was found as well based on the different previous 
VR experiences. Participants with previous VR experience 
preferred gamified visualization, while novice VR users have 
selected digital visualization as preferred. Therefore at the 
end of the initial study, it could not be defined what of those 
two visualizations is, in general, better for user experience, 
as based on age, gender, and even previous VR experience 
result in different user preferences. Those parameters affect 
how significantly different participants rate user experi-
ence, clearness of UI, perceived support, and flow percep-
tion. Therefore, this study is aiming to look into the connec-
tion between age, gender, and VR experience together with 
sport motivation for VR exergaming in order to explain user 
preferences.

Self‑determination theory

In psychology, one theory that explains how people control 
and choose options for their own life is the self-determina-
tion theory. This theory also explains the motivation behind 
people’s choices and their emotions regarding the outcome’s 
effect. Self-determination theory (SDT) [51] was developed 
by psychologists Deci and Ryan, which focused and sug-
gested that people are likely driven by a need to improve and 
gain fulfillment. SDT is based on three universal psycho-
logical needs: competence, connection, and autonomy. It is 
theorized that if all three of them are fully achieved, people 
can become self-determined.

With the goal to explain amotivation and motivation, 
this concept and SDT principles have been used in many 

3 https:// www. sweet zpot. com/ breat hzpot.
4 https:// www. ghost- feel. it/.

https://www.sweetzpot.com/breathzpot
https://www.ghost-feel.it/
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different fields, e.g., education, work, health, parenting, 
and sports. Also, one of the fields where this concept has 
been used is gaming. Results from a study show that SDT’s 
theorized needs for autonomy, competence, and relatedness 
independently predict enjoyment and future game play [52].

Types of motivation

Based on the SDT, there are five types of motivation: exter-
nal motivation as a combination of external regulation, intro-
jected regulation, identified regulation, integrated regulation, 
as well as intrinsic motivation. Those types of motivation are 
very widely used to explain the human motivation behind 
choices. Therefore, SDT is commonly used in sport research 
to explain why people make certain decisions. Usually, 
questionnaires such as the Motivation for Physical Activity, 
Exercise questionnaire (RM 4-FM) and the Sport Motiva-
tion Scale (SMS) are used to identify users’ motivation [37].

The self-determination continuum is starting from amo-
tivation, which is regulated by a lack of control. Next in 
the continuum is external regulation. External regulation 
is referring to the influence on motivation coming from an 
external factor. A person is externally motivated when they 
are behaving in some way to get the externally provided 
reward. Suppose the behaviour is driven by feelings such as 
guilt or shame that is defined as introjected regulation. In 
this case, a person is doing or not doing something because 
of a fear of obligation, and it is associated with internal 
rewards and punishments.

Further on, when the importance of behaviour is accepted 
as benefiting to accomplish some personal goal, but without 
necessarily enjoying it, the motivation is defined as iden-
tified regulation. Personal importance regulates identified 
motivation. In the self-determination continuum, just before 
the intrinsic motivation, there is the integrated regulation.

Finally, intrinsic motivation is defined as entirely driven 
only by personal interest, enjoyment, and inherent satisfac-
tion, meaning that there is no need for fear, reward, or any 
external factor. Intrinsically motivated activities are defined 
as those for which no additional reason is needed besides the 
activity itself and the resulting emotions.

Affinity for technology interaction

Affinity for Technology Interaction (ATI) is an important 
factor when considering user experience and user-center 
design that asks users for opinion, as it can strongly influ-
ence the outcome if users prefer to engage with technology 
[65]. For example, when it comes to the exergaming inside 
of a virtual reality environment, users’ motivation may be 
specifically related to the use of technology, especially 
to learning and exploring new virtual reality technology. 
Therefore ATI scale contains different questions covering 

typical motivations and strategies for the use of the tech-
nological system. In the end, it is providing one aggregated 
score reporting the overall size of the participants’ affinity 
for technology.

The validation research of the ATI scale was conducted, 
analyzing data from over 1500 participants. The data not 
only shows that the ATI scale has good to excellent reli-
ability but also reveals interesting structural differences 
in the sample group: significant gender differences in ATI 
values were found, with men reporting significantly higher 
ATI values than women. Regarding age, the data showed a 
significant weak negative correlation between age and ATI. 
The older the participants, the less pronounced their ATI, 
however, this effect is only weak. In samples with educa-
tional background information, no statistically significant 
relationships between educational background and ATI val-
ues were found [19].

User experience and preferences

User experience (UX) has many different definitions, one 
of them being defined as perception and behavior during 
the interaction with the technical system [26]. Many fac-
tors are influencing the UX, from the functionality of the 
system, content, aesthetics, up to the human emotions and 
perception [49]. Another critical factor to consider when 
talking about user experience in VR is cybersickness [38]. 
It is defined as a mismatch between the visual and vestibular 
system. However, when asked about an experience, not all 
users have the same preferences. Depending on the vari-
ous user factors, user experience and user preferences are 
changing. One factor that can also impact the results of a 
user experience experiment, is the way how the user state 
is measured. For example, it was investigated which place-
ment of virtual reality questionnaires is most beneficial and 
showed that rating in virtual reality is similar to rating with 
pen and paper [48]. It was shown that in general having to 
perform ratings in virtual environments especially for non-
interactive video playback seems to be useful [34]. Emotions 
can be measured during the experience itself but valence is 
underestimated in the case of continues rating tasks [61]. A 
virtual environment can furthermore be used as a controlled 
way to induce emotions [62].

Research about how easy it is for people to use technol-
ogy is reporting that age is an important factor. As they are 
exposed to digital technologies from an early age, young 
users reported finding technology more useful than the older 
users [39, 39, 46]. This effect is often referred as digital 
divide between generation [29, 45]. Further on, not only that 
older users don’t find it always useful to use technology, but 
also don’t find it as easy as younger users [1].

Another user factor that influences user preferences is 
gender. Research about gender and life preferences is not 
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limited only to technology but has been in the study for 
many years and many fields - one of them, as well, being 
gaming [24] [36]. Studies have reported that women are 
motivated for gaming by immersion and because of social 
factors, while for men, motivation in gaming comes from 
achievements and competitiveness [24]. Still, motivation 
should also be observed within genders [27].

When it comes to the users’ interest in virtual reality and 
their experience with it a library study was done to learn 
about user experience, demographics and academic interests 
amongst their students and staff personnel [20]. The library 
offers free usage of an HTC Vive system, which was used 
predominantly by male students (71% male and 29% female 
users, 61% students and 32% were non-student employ-
ees). Most of the users indicated being interested because 
“it sounded fun” (81%), whereas 9% used the system for 
personal learning, and only 5% of the users had research 
interests in mind - although 60% were potentially interested 
in academic uses. Interestingly, 72% of first-time users stated 
that they definitely want to use the system in the future again. 
Furthermore, the study outlined a domain-overarching inter-
est in technology. Although the VR system was physically 
located next to the science and engineering area, around 40% 
of its users were affiliated with other study subjects.

Exergaming

The combination of exercising and gaming creates the term 
exergaming, defined as playing video games while perform-
ing physical movements [41]. This idea is not new but rather 
started almost at the same time as video games themself. 
With the development of VR and video games moving into 
an immersive virtual world, exergaming has as well been 
transformed into VR exergaming. One of the first prototypes 
for research of VR exergaming was PaperDude combining 
cycling with a VR game. In this game, the player is cycling 
down the street, intending to deliver newspapers on the bike 
[11]. One can do sports or activities in VR are many such 
as rowing, playing tennis, or dancing. Another example 
of combining sport with VR game is VRun [67], where a 
player is supposed to run as fast as possible to reach the 
finish line while avoiding the obstacles. The goal behind 
exergames is to use the motivation games have while playing 
video games for exercising [42], among others for the health 
benefit [47]. Recently some studies for VR exergames have 
been done exploring users’ intrinsic motivation. A study 
related to high-intensity interval training was investigating 
how to improve performance by maintaining participants’ 
intrinsic motivation in a VR cycling-based exergame [3]. 
However, for VR exergaming, there haven’t been much 
research in regards to motivation for physical activity and 
user preferences.

Methods

As the aim of this study is to investigate relations between 
sports motivation and users’ demographic parameters for 
VR exergaming, an online study with several questionnaires 
about it has been created. In order to investigate the motiva-
tion for exercising, doing sports, and measuring affinity for 
technology, standardized questionnaires were used in this 
study. Additionally, participants were also asked about their 
demographic data and their sports and exercise habits (such 
as how frequently they exercise and how much money they 
spend on sports). This section will explain how the online 
questionnaire has been set up and what questionnaires have 
been used for this crowdsourced study.

Crowdsourcing

Crowdsourcing is a combination of two words - ‘outsourc-
ing’ and ’crowd’, and describes how the crowd can be 
engaged to outsource work to solve some problem [25]. 
Jobs that can be outsourced to a crowd for solving are vari-
ous, especially with the support of the internet and new 
technologies.

That is why crowdsourcing can be found in different 
industries from marketing [66] over linguistics [68] to 
research [70], with other goals and contributions such as 
ideas, knowledge, time, or funds.

For this study, crowdsourcing is selected as a platform 
for research purposes, and it is important to mention differ-
ences compared to a traditional university participants pool. 
A study has reported that crowdsourcing users were older, 
more ethnically diverse, and had more work experience com-
pared to university samples and can give reliable results as 
good as or better than research done in traditional ways [5]. 
Therefore, crowdsourcing was chosen as a platform for this 
study to gain knowledge about users’ motivation and poten-
tial users of VR exergames.

For this purpose, the Crowdee5 application was used 
where all questionnaires were presented to participants. 
Further on, in addition to questionnaires, some trap ques-
tions [28] were integrated to ensure that crowd workers are 
focused on questions and are humans. All those who have 
not correctly answered trap questions were removed from 
the study’s data set.

Technology affinity

Affinity for technology interaction (ATI) describes an indi-
vidual’s response to or against of the engagement with tech-
nology. To investigate participants’ affinity for technology 

5 https:// www. crowd ee. com/.

https://www.crowdee.com/
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and understand how it is connected to sports and VR exer-
gaming, the Affinity for technology interaction (ATI scale) 
questionnaire [19] was included in this study as the full 
9-item scale. This scale was also chosen as it is in line with 
the initial study, so that results could be comparable.

Motivation for physical activity and exercise

The Motivation for Physical Activity and Exercise ques-
tionnaire (RM 4- FM) was particularly designed [14] to 
determine if the participants are extrinsically or intrinsi-
cally motivated to engage in an exercise/physical activity. 
Altogether, there are 16 + 12 questions separated into four 
subgroups: external, introjected, identified regulation, and 
intrinsic motivation. The participants have to rate each ques-
tion on a Likert scale between 1 (not true at all) to 7 (very 
true). RM4-FM provides an index (RAI) that is a calculation 
of all questions multiplied with positive or negative factors 
to produce one value. The index value can be either positive, 
which means that motivation is intrinsic, or negative which 
means that person is extrinsically motivated. Recently, as the 
questionnaire has been widely used, it has also been further 
validated [58]. This scale is specifically designed for deter-
mining intrinsic and extrinsic factors, and in the study used 
to get an understanding of those user parameters in regard 
to VR exergaming.

Sport motivation

Finally, the sport motivation scale (SMS) has been included 
in the study as it was developed to measure an athlete’s moti-
vation toward sport participation [37]. The questionnaire is 
using four items each for the aspects identified regulation, 
integrated regulation, and intrinsic motivation on a 7-point 
Likert scale ranging from “does not correspond at all” (1) to 
“corresponds exactly” (7). The SMS was the last question-
naire to be included in the study, as an additional measure-
ment for sport motivation, together with RM 4- FM. One 
other reason for including the SMS questionnaire in this 
study is to have comparable results with the initial research 
where only the SMS questionnaire was used.

Participants

Participants for the online study were recruited over the 
Crowdee platform specializing in hosting crowdsourced 
online research studies. A total of 74 people were recruited 
for an online study, of which 11 have been rejected from 
further data analysis as their results were marked as unre-
liable. In addition to the use of surveys, the inclusion of 
specific trap questions served the purpose of confirming 
the humanity of the crowd workers and ensuring that they 
were attention to the questions being asked. Some questions 

provided directions for the participant on what they should 
answer, such as asking them to select true or false (“because 
I read this, I will select here very true as my answer”). The 
study data set was cleaned up by excluding everyone who 
did not respond correctly to the trap questions. Therefore, 
for this paper 63 participants (27 female and 36 male) have 
been included. The average age of participants used for data 
analysis is 41 years old, the minimum age was 21 and the 
maximum was 64 years old. Further on, in regards to pre-
vious VR experience, 28 participants had never tried VR 
before. In contrast, 35 had some previous VR experience 
whereas only 2 of those had a lot of previous VR experience. 
When it comes to how often do participants exercise, they 
have reported spending on average 4.5 h a week doing sports 
(minimum 0 h and maximum 25 h), and on average, they do 
sports once a week. Also, for doing sports, participants have 
reported that on average, they spend €308.8 a year (mini-
mum €0 and maximum €1300).

Results

For the analyses of each parameter and effect, a one-way 
Analysis of Variance (ANOVA) was performed to deter-
mine statistically significant differences among the means 
of two or more groups, where the groups were made with the 
median split in order to ensure the equal sizing. An overview 
of all significant effects will be explained in the following 
sections and is presented in Table 1.

Age

Two groups were made to analyze the effects that different 
age has on sports motivation and affinity for technology. 
Younger age group participants are those with age from 18 
to 40 (N = 30), while the older age group has consisted 
of the participants between 40 and 70 years old (N=33). 
Results have shown that older and younger participants have 
significantly different user preferences for some parameters. 
One of them is the affinity for technology for which younger 
participants have reported statistically significantly higher 
affinity for new technology (M = 4.20, SE = 0.14) compared 
to the participants in the older age group (M = 3.65, SE = 
0.19). As well, younger participants have reported signifi-
cantly higher intrinsic regulations measured in motivation 
for exercise (M = 5.00, SE = 0.18) compared to the intrinsic 
regulation of the older participants (M = 4.35, SE = 0.24). 
Similarly, when it comes to identify regulation with sports 
motivation scale, younger participants as well have a sig-
nificantly higher value for identify regulation (M = 4.63, 
SE = 0.18) compared to the participants in the older age 
group (M = 3.98, SE = 0.21). All report results are shown 
in Fig. 2.
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Gender

When it comes to the effects of different gender, no sta-
tistically significant differences were found concerning 
sports. However, when it comes to affinity for technology, 
as it can be seen in Fig. 2, male (N = 36) participants 
have reported on average significantly higher interest 
(M = 4.21, SE = 0.13) compared to the female (N = 27) 
group (M = 3.51, SE = 0.21).

VR experience

For statistical analyses, participants were divided into two 
groups depending on if they had some or no previous VR 
experience. The first group was of those participants who 
had zero prior experience with VR (N = 30) and the second 
group was for those who had played and tried out VR appli-
cations and devices before (N = 33). Based on those groups, 
results for effects of previous experience in VR showed no 

Table 1  Effect for different 
groups of age (AgeG), gender 
(Gender), VR experience 
(VRExpG), amount of 
money spent on sport per 
year(SportMoneyYG), 
frequency of doing sport 
(SportFreqG) hours of 
doing sports weekly 
(SportWeeklyHG), and affinity 
for technology score (ATI_G) 
on Relative Autonomy Index 
(RAI), intrinsic, identified, 
integrated or external 
motivation measured for sports 
motivation (SMS), motivation 
for exercise (M4E), motivation 
for physical activity (M4PA) 
and affinity for technology 
(ATI)

Parameter Effect df
n

df
d

F p �
2

G
Power

AgeG ATI 1 61 4.62 .036 0.07 0.983
AgeG M4E_instrnsic 1 61 4.21 .044 0.06 0.866
AgeG SMS_identified 1 61 4.99 .029 0.08 0.833
Gender ATI 1 61 8.14 .005 0.12 0.890
VRExpG ATI 1 61 5.76 .020 0.09 0.928
SportFreqG M4PA_RAI 1 61 6.47 .014 0.10 0.878
SportFreqG M4PA_identified 1 61 7.76 .007 0.11 0.978
SportFreqG M4PA_intrinsic 1 61 5.79 .020 0.09 0.929
SportFreqG SMS_integrated 1 61 20.80 .001 0.25 1.000
SportMoneyYG M4E_RAI 1 61 4.69 .032 0.07 0.871
SportMoneyYG M4PA_RAI 1 61 6.76 .011 0.09 0.960
SportMoneyYG M4PA_identified 1 61 4.27 .042 0.07 0.839
SportMoneyYG M4PA_intrinsic 1 61 4.45 .038 0.07 0.853
SportMoneyYG M4E_intrinsic 1 61 5.79 .019 0.09 0.984
SportMoneyYG SMS_intrinsic 1 61 4.09 .048 0.07 0.940
SportMoneyYG SMS_integrated 1 61 5.32 .025 0.08 0.968
SportWeeklyHG M4E_RAI 1 61 7.02 .010 0.10 0.966
SportWeeklyHG M4E_instrnsic 1 61 5.50 .022 0.08 0.917
SportWeeklyHG SMS_integrated 1 61 9.91 .003 0.14 0.994
ATI_G M4PA_RAI 1 61 5.89 .004 0.16 0.999
ATI_G M4PA_external 1 61 9.08 .001 0.23 1.000

Fig. 2  a Mean values of affinity for technology (ATI), intrinsic moti-
vation (M4E - intrinsic), and identified motivation (SMS - identified) 
of all participants split by the age group. b Mean values of affinity for 

technology (ATI) of all participants split by gender (Female, Male) 
and previous VR experience (VR Exp). Whiskers denote the standard 
error
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significant differences in motivation for sports or exer-
cise. But when it comes to the affinity for technology, also 
shown in Fig. 2, the group with previous VR experience has 
reported being a significantly affinity for technology (M = 
4.18, SE = 0.14) compared to the group with participants 
who had no previous experience in VR (M = 3.58, SE = 
0.21).

Sports and frequency

Two different groups have been made to analyze results 
about how often do people exercise. One group was of those 
who exercise one time a week or less (N = 19), and the other 
group was of those who exercise twice a week or more fre-
quently (N = 44).

When it comes to results about the frequency of doing 
sports, shown in Fig. 3, the data has reported that there 
are significant differences on the motivation. When asked 
about the motivation for physical activity, participants who 
are doing sports less frequently have reported to have had 
intrinsic (M = 4.80, SE = 0.24) and identified (M = 5.23, 
SE = 0.16) motivation compared to those who exercise more 
frequently and have reported significantly higher identified 
(M = 5.81, SE = 0.11) and intrinsic (M = 5.43, SE = 0.13) 
motivation. Similarly, the sport for motivation scale has also 
shown that participants with a higher frequency of doing 
sports have reported significantly higher integrated motiva-
tion (M = 4.80, SE = 0.17) compared to those who go to do 
sports less frequently (M = 3.42, SE = 0.23). Another inter-
esting effect was found when comparing the overall index 
score of motivation for physical activity, Fig. 3. The index is 
reporting about intrinsic and extrinsic factors in the motiva-
tion of participants. A negative value of index reflects that a 
person is extrinsically motivated by having external factors 

important in behavior, while a positive number reflects that 
behavior is primarily intrinsically motivated. The index of 
motivation for physical activity has been reported signifi-
cantly higher (M = 9.01, SE = 0.57) for participants doing 
sports less frequently compared to those who are doing 
sports more frequently (M = 6.76, SE = 0.79).

Sports and money

In the study, participants were asked to estimate how much 
money they spend on doing sports or exercises per year. 
Based on the entries where the minimum value was 0, and 
the maximum was 1300 euros, two groups were created for 
data analyzing. Participants spending between 0 and 250€ 
per year on doing exercise (N = 33) were one group, and in 
the second group were those participants who spent more 
than 250€ (N = 30).

Interesting differences were found raised on a fact if 
people are spending less or more money per year on doing 
sports. Do people spending more money have reported hav-
ing higher identified (M = 5.85, SE = 0.14) and intrinsic 
(M = 5.51, SE = 0.15) regulation of motivation for physical 
activity compared to the identified (M = 5.44, SE = 0.12) 
and intrinsic (M = 5.00, SE = 0.18) regulation of people 
who are spending less money on sports per year. Similarly, 
while measuring motivation for the exercise once again, 
results are showing that those participants who are spend-
ing more money on doing sports have reported having higher 
intrinsic motivation (M = 5.12, SE = 0.18) compared to 
those who are spending less money on sports (M = 4.24, 
SE = 0.23).

Besides, the sports motivation scale has as well shown 
that spending more money is connected with intrinsic 
motivation and integrated regulation. People who are 

Fig. 3  a Mean values of identified motivation (M4PA - identified), 
intrinsic motivation (M4PA intrinsic), and integrated motivation 
(SMS - integrated) of all participants were split by how frequently 
weekly they exercise. b Mean values of overall index score of motiva-

tion for physical activity (M4PA - RAI) and motivation for exercise 
(M4E - RAI) of all participants were split by how frequently weekly 
they exercise and money spent on sports. Whiskers denote the stand-
ard error



 Quality and User Experience (2023) 8:3

1 3

3 Page 10 of 15

spending more money on sports have reported feeling sig-
nificantly more intrinsic motivation (M = 5.12, SE = 0.19) 
and integrated regulation (M = 4.81, SE = 0.20) com-
pared to the participants who are spending less money 
yearly on doing sports. In comparison, those spending 
less money have reported lower intrinsic motivation (M = 
4.42, SE = 0.20) and lower integrated regulation (M = 
4.00, SE = 0.22). When looking at the index of motiva-
tion for physical activity and exercise, both groups have 
index values positive, which means that both groups are 
intrinsically motivated. However, those participants who 
are spending more money have reported a significantly 
higher index of motivation for physical activity (M = 9.60, 
SE = 0.59) and exercise (M = 3.96, SE = 0.62) com-
pared to the group with spending less money and has 
reported lower index after motivation for physical activity 
(M = 7.18, SE = 0.70) and exercise (M = 2.08, SE = 0.60). 

Effects influenced by the money spend on sports are visu-
alized in Fig. 4.

Sports and duration

Another parameter that was analyzed when it comes to 
sports is how many hours a week does a person exercise, 
and based on the answers, two groups were created. A group 
with a lower duration of exercising was formed with exer-
cising time including up to 4 h a week (N = 33), and a 
longer duration was defined as exercising more than 4 h a 
week (N=30). Depending on that results (Fig. 5) have shown 
that people who exercise more hours a week have signifi-
cantly higher intrinsic (M = 5.04, SE = 0.20) and integrated 
(M = 4.88, SE = 0.20) motivation compared to the intrinsic 
(M = 4.31, SE = 0.23) and integrated (M = 3.93, SE = 0.21) 
motivation of those who exercise less intensely. Further on, 

Fig. 4  Mean values of intrinsic motivation (M4E - intrinsic, SMS - intrinsic, M4PA - intrinsic), integrated motivation (SMS - integrated), and 
identified motivation (M4PA - identified) of all participants split by money spent on sports. Whiskers denote the standard error

Fig. 5  a Mean values of integrated motivation (SMS - integrated) and 
intrinsic motivation (M4E - intrinsic) of all participants were split by 
how many hours they exercise weekly. b Mean values of overall index 
score of motivation for physical activity (M4PA - RAI) and motiva-

tion for exercise (M4E - RAI) of all participants split by the weekly 
hours of exercise and level of affinity for technology (ATI). Whiskers 
denote the standard error
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Fig. 5 shows when it comes to the index for describing the 
motivation for exercise, both groups have positive values 
as an index, which means they are intrinsically motivated. 
However, the group who is exercising more often in a week 
has a significantly higher motivation index (M = 4.16, 
SE = 0.63) compared to the group who exercises less inten-
sively (M = 1.89, SE = 0.57).

Sports and ATI

Three groups depending on different technology interests 
were created to analyze the effects between sport motiva-
tion and technology affinity - low (N = 19), medium (N = 
21), and high (N = 23) affinity for technology. Low affin-
ity is defined as an ATI score below 3.5, the medium is 
defined as a score between 3.5 and 4.5, while high affinity 
was defined as an ATI score higher than 4.5. Data analyses, 
as presented in Fig. 6, has shown that group with a medium 
affinity for technology have reported having significantly 
lower external motivation (M = 2.71, SE = 0.27) com-
pared to the group with low (M = 1.76, SE = 0.23) or high 
(M = 1.50, SE = 0.11) affinity for technology. Similarly, the 
index of motivation for physical activity, even though in all 
cases indicating that for all groups is mainly intrinsic, for the 
medium group is significantly lower (M = 6.21, SE = 0.80) 
compared to the index of the group with lower affinity for 
technology (M = 8.86, SE = 0.87) or the group with higher 
affinity for technology (M = 9.82, SE = 0.68).

Discussion

To explore how different user factors and different affinity 
for technology are connected to sports motivation, an online 
crowdsourced study has been done using standardized physi-
ological questionnaires. Overall, results have shown that use 
factors such as age, gender, and previous VR experience 

result in significantly different affinity for technology (ATI) 
score. Furthermore, based on the ATI score, results have 
shown that participants also have reported having signifi-
cantly different overall index value (RAI) of motivation 
for physical activity. However, in order to understand links 
between the factors and influences on user preferences in 
VR exergaming, each user factor, and potential effects are 
discussed separately.

Age

Age is a user factor that showed effects on both, motiva-
tion for sports and affinity for technology. When it comes to 
how likely people are to interact with technology, younger 
participants actively had, as expected [19], a higher affinity 
for technology. Therefore, this effect is also noticeable when 
asking about user preference for UI in VR exergaming. As 
results from our initial study showed, younger participants 
found gamified visualization (such as including a speedome-
ter instead of the numerical value of speed) more supportive 
and clear. In comparison, older participants preferred typi-
cal numerical visualization. It seems natural that younger 
humans tend to be more easily active and, therefore, also 
more motivated to perform a sport.

Gender

The results from our crowdsourced study reported differ-
ences based on subjectively stated gender (binary category) 
were significant for the affinity for technology. As expected, 
based on the validation of the ATI scale [19], in our study, 
male participants had a higher affinity for technology.

Interestingly, a similar trend was as well reported in the 
initial study having VR exergame in focus. Correspondingly 
the results from the initial study can be observed as men 
have rated the gamified version as better overall and prag-
matic quality, while women have preferred digital numeri-
cal visualization. This can be explained similarly, like with 
effect with age, with the different affinity for technology. As 
men are more likely to enjoy new technology, their preferred 
user settings for visualizing the parameters are the gamified 
version, while women prefer more traditional and less tech-
nical numerical visualization.

VR experience

Reporting on the connection between ATI score and previ-
ous VR experience participants with previous experience 
with VR devices had a significantly higher affinity for tech-
nology. This can be explained as those people who are more 
interested in technology will be the first ones to try new 
technology available on the market, such as virtual reality. 
Once again, the initial study’s effect connected with the user 

Fig. 6  Mean values of external motivation (M4PA - external) and all 
participants split by their affinity level for technology (ATI). Whisk-
ers denote the standard error
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factor of previous experience, can be explained in relation 
to the ATI score.

For the VR rowing, exergame participants with more VR 
experience have rated the overall quality of user experience 
better for gamified visualization. Meaning that user groups 
with higher ATI scores have been rated as preferred visuali-
zation of the gamified user interface.

Sports and motivation

Results reporting about the motivation for exercise and 
physical activity done as part of our research for VR exer-
gaming are as expected, following general sports motivation 
characteristics. However, the goal of reported effects was to 
investigate if by knowing user characteristics (such as how 
frequently they exercise, how much money they spend on 
doing sports), one can learn about the type of user motiva-
tion and adjust the user preferences.

At the same time, when it comes to motivational factors in 
sports, younger participants had higher intrinsic motivation 
and higher identified regulation. This means that compared 
to the older group, younger participants find more interest 
and enjoyment in exercising and find sports essential for 
themselves. This effect seems to be explainable by the fact 
that younger humans seem to be more open toward newer 
things in general. Therefore, the initial study results where 
older participants preferred the visualization of metrics as 
a coach boat could be explained based on that their motiva-
tion for sports is not as internally motivating. This means 
that they could prefer to have even in a virtual environment 
a replication of external motivation, such as a coach boat, 
rather than having metrics close to themselves.

Sports and frequency

Identified and integrated regulations are important when 
it comes to how frequently people exercise. Still, results 
have reported that a higher frequency of doing sports brings 
higher values on the intrinsic scale, the identified scale, and 
the overall scale for physical activity motivation. Addition-
ally, the values on the integrated motivation of the sport 
motivation scale were higher for participants doing sport 
with higher frequency. When it comes to VR exergaming 
and improving the user experience for it, an important fac-
tor is intrinsic motivation as this motivation is connected 
with the feeling of enjoyment. However, when it comes to 
observing the frequency of doing exercises, results suggest 
not only to focus on intrinsic motivation.

Sports and money

Depending on the amount of money spent on physical 
activity and exercise, results have reported effects on 

different types of motivation. A higher amount of money 
spent on sports results in higher values on the intrinsic 
scale, the identified scale, and the overall scale for physical 
activity motivation. Additionally, the values on the inte-
grated motivation scale and the sport motivation scale’s 
integrated motivation scale were higher for participants 
spending more money. The values on the intrinsic and 
overall motivation scales of the motivation for exercise 
were higher for participants spending more money on 
sports activities.

Further more, even though user motivation for sports 
was reported to have an effect on money spent, it would 
be interesting to observe if the same pattern occurs as well 
for VR exergames, in particular, those focusing on sports.

Sports and duration

Integrated regulation plays an important role in determin-
ing exercise duration [16]. The values on the integrated 
motivation scale of the sport motivation scale were higher 
for participants spending more time in the gym. Addi-
tionally, the intrinsic scale values and the overall motiva-
tion scale of the motivation for exercise were higher for 
participants spending more time in the gym every week. 
However, when it comes to VR exergaming, the exercise 
duration could be as well limited not only by the player’s 
motivation but also by the effect of cybersickness. There-
fore, the factor of duration for the exergame should not be 
observed alone.

Sports and ATI

Lastly, to explore the motivation for VR exergaming that is 
a combination of technology and sports, the level of affinity 
for technology was analyzed in relation to sports motiva-
tion. Results showed that medium affinity for technology 
resulted in a reduced overall motivation on the overall scale 
and an increased external motivation scale on the motivation 
for physical activity scale. However, for all ATI levels the 
overall score of motivation (RAI) is a positive index num-
ber, indicating that participants are more or less intrinsically 
motivated for sports. Still, that intrinsic motivation is signifi-
cantly lower for participants with a middle ATI score. The 
same effect is described when looking only at the dimension 
of external motivation. For those having the middle ATI 
score, external motivation for sports is significantly higher 
than the other two groups. Looking in particular at the group 
of participants with middle ATI scores is important because 
their user preferences can’t be explained based on the ATI 
score, so it is interesting to notice that their motivation for 
VR exergames would be externally driven.
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Limitations and future work

Perhaps, the most important limitation of this study is that 
as it was done as an online study, there was no possibility 
to confirm participants’ statements. Even though this effect 
was eliminated by using trap questions to confirm that par-
ticipants are concentrated while reading. Still, when it comes 
to reporting about their sports habits, there was no additional 
validation if they reported the correct information. However, 
as the study was done via crowdsourcing, participants have 
been financially rewarded for their work and most probably 
motivated to finish their crowd-work correctly.

Even though this study is not using further categorisation 
of exergames, e.g., those focusing on rehabilitation or sports, 
it would be interesting to classify the influence of motivation 
based on the purpose of VR exergaming itself. However, 
this study is proposing the first step with a broader concept 
connecting users’ motivation for sports and VR exergames in 
general. So, in the future, it would be interesting to explore 
how in particular those users involved in sports might be 
predisposed for playing as well more sport-based VR games. 
Further on, motivation and user experience are important 
not only for VR exergaming, but the study could be as well 
expanded to the other VR serious games. Finally, based 
on this study’s results, a structural model could be built to 
improve the user experience of the VR exergames.

Conclusion

In general, it was shown that there are important factors 
influencing the motivation for sports and affinity for technol-
ogy, which are needed for understanding user preferences 
and experience in VR exergaming. The idea was to explain 
user experience in VR exergaming based on the influence 
of user factors. Based on the example of user preferences in 
the initial study using VR UI visualization showing that age, 
gender and previous experience with VR systems result in 
different perception of clearness of UI, perceived support as 
well as the perception of flow, this paper we have further on 
discussed the role of user factors.

On the other hand, the participants’ age influenced the 
affinity for technology and motivation for exercising on the 
intrinsic motivation scale and the sports motivation scale. 
Furthermore, gender and previous experience with VR also 
affect the affinity for technology. Therefore, an affinity for 
technology is an essential factor, and while designing a VR 
exergame should be considered. Based on different ages, 
gender, and previous VR experience, users had diverging 
preferences, and they also reported diverging affinity for 
technology. For all of those three user factors (age, gender 
and previous VR experience), their preferences were affected 
by their ATI score.

Moreover, as VR exergames are many times aimed to 
be played frequently, the fulfilment of user preferences is 
important to ensure entertainment and enjoyment. In the 
development of VR exergames, it is not always easy due 
to the limited time or resources, to include measures of 
motivations. Designers and developers of VR exergames 
should be aware of the links between parameters such as 
the frequency of playing VR exergames and constructs 
such as users’ motivation. Based on the effect of previ-
ous experience and user factors e.g. motivational effects, 
the latter can be estimated by measuring the first ones. 
The results of this study have shown that there are effects 
between frequency, intensity, and money spent on exer-
cising and user motivation. As could have been expected 
with the increased effort, the more time and money par-
ticipants invest in the activity, the higher the motivation to 
perform the corresponding activity gets. At the same time, 
age is negatively related to an affinity for technology and 
motivation for exercising. In the long run, user experience 
ratings for VR exergaming can potentially be explained or 
at least estimated based on user demographics and tech-
nology usage. This enables an efficient and effective tool, 
during development and product evaluation, to have more 
knowledge on a potential variance of user experience.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Declarations 

Conflict of interest The authors declare that there are no conflict of 
interest. On behalf of all authors, the corresponding authors state that 
there is no conflict of interest.

Consent for publication All human participants involved in the studies 
described in this publication provided explicit written consent to allow 
publication of the analysed study data.

Consent to participate All human participants involved in the stud-
ies described in this publication provided explicit written consent to 
participate in the studies of their free will.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

http://creativecommons.org/licenses/by/4.0/


 Quality and User Experience (2023) 8:3

1 3

3 Page 14 of 15

References

 1. Arning K, Ziefle M (2007) Understanding age differences 
in PDA acceptance and performance. Comput Hum Behav 
23(6):2904–2927

 2. Baranowski T (2017) Exergaming: Hope for future physical 
activity? or blight on mankind? J Sport Health Sci 6(1):44

 3. Barathi SC, Finnegan DJ, Farrow M, Whaley A, Heath P, Buck-
ley J (2018) Interactive feedforward for improving performance 
and maintaining intrinsic motivation in VR exergaming. In: 
Proceedings of the 2018 chi conference on human factors in 
computing systems, pp 1–14

 4. Barry G, Galna B, Rochester L (2014) The role of exergaming 
in Parkinson’s disease rehabilitation: a systematic review of the 
evidence. J Neuroeng Rehabil 11(1):33

 5. Behrend TS, Sharek DJ, Meade AW, Wiebe EN (2011) The viabil-
ity of crowdsourcing for survey research. Behav Res Methods 
43(3):800

 6. Benzing V, Schmidt M (2018) Exergaming for children and ado-
lescents: strengths, weaknesses, opportunities and threats. J Clin 
Med 7(11):422

 7. Berg LP, Vance JM (2017) Industry use of virtual reality in prod-
uct design and manufacturing: a survey. Virtual Real 21(1):1–17

 8. Best JR (2015) Exergaming in youth. Z Psychol
 9. Bideau B, Kulpa R, Vignais N, Brault S, Multon F, Craig C (2009) 

Using virtual reality to analyze sports performance. IEEE Comput 
Gr Appl 30(2):14–21

 10. Bitkom (2017) Durchschnittliche Spieldauer (Computer- und 
Videospiele) von Kindern und Jugendlichen in Deutschland im 
Jahr 2017. In: Statista - Das Statistik-Portal. Retrieved 18 Jan 
2018, from https:// de. stati sta. com/  stati stik/ daten/ studie/ 306901/ 
umfra ge/  spiel dauer- von- kinde rn- und- jugen dlich en - in- deuts 
chland- nach- alter/

 11. Bolton J, Lambert M, Lirette D, Unsworth B (2014) Paperdude: 
a virtual reality cycling exergame. In: Chi’14 extended abstracts 
on human factors in computing systems, pp 475–478

 12. Comber C, Colley A, Hargreaves DJ, Dorn L (1997) The effects 
of age, gender and computer experience upon computer attitudes. 
Educ Res 39(2):123–133

 13. Crawford G (2004) Consuming sport: fans, sport and culture. 
Routledge, Routledge

 14. Deci EL, Ryan RM (2012) Self-determination theory
 15. Deterding S, Dixon D, Khaled R, Nacke L (2011) From game 

design elements to gamefulness: defining gamification. In: Pro-
ceedings of the 15th international academic mindtrek conference: 
envisioning future media environments, pp 9–15

 16. Duncan LR, Hall CR, Wilson PM, Jenny O (2010) Exercise moti-
vation: a cross-sectional analysis examining its relationships with 
frequency, intensity, and duration of exercise. Int J Behav Nutr 
Phys Act 7(1):7

 17. Febretti A, Nishimoto A, Thigpen T, Talandis J, Long L, Pir-
tle J (2013) CAVE2: a hybrid reality environment for immersive 
simulation and information analysis. In The engineering reality 
of virtual reality 2013, vol 8649, p 864903

 18. Forlizzi J, Battarbee K (2004) Understanding experience in inter-
active systems. In: Proceedings of the 5th conference on designing 
interactive systems: processes, practices, methods, and techniques, 
pp 261–268

 19. Franke T, Attig C, Wessel D (2019) A personal resource for tech-
nology interaction: development and validation of the affinity for 
technology interaction (ati) scale. Int J Human-Comput Interact 
35(6):456–467

 20. Frost M, Goates MC, Cheng S (2018) Virtual reality: a survey of 
use at an academic library

 21. Gao Z, Chen S (2014) Are field-based exergames useful in 
preventing childhood obesity? A systematic review. Obes Rev 
15(8):676–691

 22. Garrett JJ (2010) The elements of user experience: user-centered 
design for the web and beyond. Pearson Education

 23. Greinacher R, Kojić T, Meier L, Parameshappa RG, Möller S, 
Voigt-Antons J-N (2020) Impact of tactile and visual feedback 
on breathing rhythm and user experience in vr exergaming. In: 
2020 twelfth international conference on quality of multimedia 
experience (QOMEX), pp 1–6

 24. Hartmann T, Klimmt C (2006) Gender and computer games: 
exploring females’ dislikes. J Comput-Mediat Commun 
11(4):910–931

 25. Howe J (2006) The rise of crowdsourcing. Wired Mag 14(6):1–4
 26. ISO B, STANDARD B (2010) Ergonomics of human-system 

interaction
 27. Kafai YB (1998) Video game designs by girls and boys: variability 

and consistency of gender differences. From Barbie to Mortal 
Kombat: gender and computer games, 90–114

 28. Kazai G, Kamps J, Koolen M, Milic-Frayling N (2011) Crowd-
sourcing for book search evaluation: impact of hit design on com-
parative system ranking. In: Proceedings of the 34th international 
ACM sigir conference on research and development in informa-
tion retrieval, pp 205–214

 29. Koivisto J, Hamari J (2014) Demographic differences in perceived 
benefits from gamification. Comput Hum Behav 35:179–188

 30. Kojić T, Nugyen LT, Voigt-Antons J-N (2019) Impact of constant 
visual biofeedback on user experience in virtual reality exergames. 
In: 2019 IEEE international symposium on multimedia (ISM), pp 
307–3073

 31. Kojic T, Sirotina U, Möller S, Voigt-Antons J-N (2019) Influence 
of ui complexity and positioning on user experience during VR 
exergames. In: 2019 eleventh international conference on quality 
of multimedia experience (QOMEX), pp 1–6

 32. Kojić T, Voigt-Antons J-N, Schmidt S, Tetzlaff L, Kortowski B, 
Sirotina U, Möller S (2018) Influence of virtual environments and 
conversations on user engagement during multiplayer exergames. 
In: 2018 tenth international conference on quality of multimedia 
experience (QOMEX), pp 1–3

 33. Kooiman BJ, Sheehan DP (2015) Interacting with the past, pre-
sent, and future of exergames: At the beginning of a new life cycle 
of video games? Loisir Soc/Soc Leisure 38(1):55–73

 34. Krüger C, Kojić T, Meier L, Möller S, Voigt-Antons J-N (2020) 
Development and validation of pictographic scales for rapid 
assessment of affective states in virtual reality. In: 2020 twelfth 
international conference on quality of multimedia experience 
(QOMEX), pp 1–6

 35. Kuniavsky M (2003) Observing the user experience: a practi-
tioner’s guide to user research. Elsevier, Amsterdam

 36. Lucas K, Sherry JL (2004) Sex differences in video game play: a 
communication-based explanation. Commun Res 31(5):499–523

 37. Mallett C, Kawabata M, Newcombe P, Otero- Forero A, Jackson 
S (2007) Sport motivation scale-6 (SMS-6): a revised six-factor 
sport motivation scale. Psychol Sport Exerc 8(5):600–614

 38. McCauley ME, Sharkey TJ (1992) Cybersickness: perception 
of self-motion in virtual environments. Presence Teleop Virtual 
Environ 1(3):311–318

 39. Morris MG, Venkatesh V (2000) Age differences in technology 
adoption decisions: implications for a changing work force. Pers 
Psychol 53(2):375–403

 40. Narciso D, Bessa M, Melo M, Coelho A, Vasconcelos-Raposo J 
(2019) Immersive 360 video user experience: impact of different 
variables in the sense of presence and cybersickness. Univ Access 
Inf Soc 18(1):77–87

https://de.statista.com/%20statistik/daten/studie/306901/umfrage/%20spieldauer-von-kindern-und-jugendlichen%20-in-deutschland-nach-alter/
https://de.statista.com/%20statistik/daten/studie/306901/umfrage/%20spieldauer-von-kindern-und-jugendlichen%20-in-deutschland-nach-alter/
https://de.statista.com/%20statistik/daten/studie/306901/umfrage/%20spieldauer-von-kindern-und-jugendlichen%20-in-deutschland-nach-alter/


Quality and User Experience (2023) 8:3 

1 3

Page 15 of 15 3

 41. Oh Y, Yang S (2010) Defining exergames & exergaming. In: Pro-
ceedings of meaningful play, 1–17

 42. Osorio G, Moffat DC, Sykes J (2012) Exergaming, exercise, and 
gaming: sharing motivations. Games Health Res Dev Clin Appl 
1(3):205–210

 43. Pate RR, Pratt M, Blair SN, Haskell WL, Macera CA, Bouchard 
C et al (1995) Physical activity and public health: a recommenda-
tion from the Centers for Disease Control and Prevention and the 
American College of Sports Medicine. JAMA 273(5):402–407

 44. Petri K, Feuerstein K, Folster S, Bariszlovich F, Witte K (2020) 
Effects of age, gender, familiarity with the content, and exposure 
time on cybersickness in immersive head-mounted display based 
virtual reality. Am J Biomed Sci 12(2)

 45. Pfeil U, Arjan R, Zaphiris P (2009) Age differences in online 
social networking-a study of user profiles and the social capital 
divide among teenagers and older users in myspace. Comput Hum 
Behav 25(3):643–654

 46. Poels K, De Kort Y, Ijsselsteijn W (2007) it is always a lot of 
fun! exploring dimensions of digital game experience using focus 
group methodology. In: Proceedings of the 2007 conference on 
future play, pp 83–89

 47. Pyae A, Luimula M, Smed J (2016) Pre-studies on using digital 
games for the elderly’s physical activities. In: International confer-
ence on wellbeing in the information society, pp 82–96

 48. Regal G, Voigt-Antons J-N, Schmidt S, Schrammel J, Kojić T, 
Tscheligi M, Möller S (2019) Questionnaires embedded in virtual 
environments: reliability and positioning of rating scales in virtual 
environments. Quality User Exp 4(1):1–13

 49. Reiter U, Brunnström K, De Moor K, Larabi M-C, Pereira M, 
Pinheiro A, Zgank A (2014) Factors influencing quality of experi-
ence. In: Quality of experience. Springer, pp 55–72

 50. Roberts SC, Mehler B, Orszulak J, Reimer B, Coughlin J, Glass J 
(2011) An evaluation of age, gender, and technology experience 
in user performance and impressions of a multimodal human-
machine interface. In: IIE annual conference. proceedings, p 1

 51. Ryan RM, Deci EL (2000) Self-determination theory and the 
facilitation of intrinsic motivation, social development, and well-
being. Am Psychol 55(1):68

 52. Ryan RM, Rigby CS, Przybylski A (2006) The motivational pull 
of video games: a selfdetermination theory approach. Motiv Emot 
30(4):344–360

 53. Saleme EB, Covaci A, Assres G, Comsa I-S, Trestian R, Santos 
CA, Ghinea G (2021) The influence of human factors on 360 
mulsemedia QOE. Int J Hum Comput Stud 146:102550

 54. Schmidt S, Ehrenbrink P, Weiss B, Voigt-Antons J-N, Kojic T, 
Johnston A, Möller S (2018) Impact of virtual environments on 
motivation and engagement during exergames. In: 2018 tenth 
international conference on quality of multimedia experience 
(QOMEX), pp 1–6

 55. Slater M, Sanchez-Vives MV (2016) Enhancing our lives with 
immersive virtual reality. Front Robot AI 3:74

 56. Tankovska PbH, 27, A (2020) Global consumer VR/AR/MR mar-
ket size 2018–2023. Retrieved from https:// www. stati sta. com/  stati 

stics/ 936078/ world wide- consu mer - immer sive- techn ology- mar-
ket- reven ue/

 57. Thayer SE, Ray S (2006) Online communication preferences 
across age, gender, and duration of internet use. CyberPsychol 
Behav 9(4):432–440

 58. Uimonen M, Repo JP, Grönroos K, Häkkinen A, Walker S (2020) 
Validity and reliability of the finnish motivation for physical activ-
ity (rm4-fm) questionnaire

 59. Velev D, Zlateva P (2017) Virtual reality challenges in education 
and training. Int J Learn Teach 3(1):33–37

 60. Vergari M, Kojić T, Vona F, Garzotto F, Möller S, Voigt-Antons 
J-N (2021) Influence of interactivity and social environments on 
user experience and social acceptability in virtual reality. In: 2021 
IEEE virtual reality and 3D user interfaces (VR), pp 695–704

 61. Voigt-Antons J-N, Lehtonen E, Palacios AP, Ali D, Kojic T, 
Möller S (2020) Comparing emotional states induced by 360◦ 
videos via head-mounted display and computer screen. In: 2020 
twelfth international conference on quality of multimedia experi-
ence (QOMEX), pp 1–6

 62. Voigt-Antons J-N, Spang R, Kojić T, Meier L, Vergari M, Möller 
S (2021) Don’t worry be happy-using virtual environments to 
induce emotional states measured by subjective scales and heart 
rate parameters. In: 2021 IEEE virtual reality and 3D user inter-
faces (VR), pp 679–686

 63. Wang Y, Huang Y, Xu J, Bao D (2021) Interaction preference 
differences between elderly and younger exergame users. Int J 
Environ Res Public Health 18(23):12583

 64. Werbach K, Hunter D (2012) For the win: How game thinking can 
revolutionize your business. Wharton Digital Press, Pennysylvania

 65. Wessel D, Attig C, Franke T (2019) Ati-s-an ultra-short scale for 
assessing affinity for technology interaction in user studies. In: 
Proceedings of mensch und computer 2019, pp 147–154

 66. Whitla P (2009) Crowdsourcing and its application in marketing 
activities. Contemp Manag Res 5(1)

 67. Yoo S, Kay J (2016) Vrun: running-in-place virtual reality exer-
game. In: Proceedings of the 28th Australian conference on com-
puter-human interaction, pp 562–566

 68. Zaidan O, Callison-Burch C (2011) Crowdsourcing translation: 
professional quality from nonprofessionals. In: Proceedings of the 
49th annual meeting of the association for computational linguis-
tics: human language technologies, pp 1220–1229

 69. Zeng N, Pope Z, Lee JE, Gao Z (2017) A systematic review 
of active video games on rehabilitative outcomes among older 
patients. J Sport Health Sci 6(1):33–43

 70. Zhao Y, Zhu Q (2014) Evaluation on crowdsourcing research: 
current status and future direction. Inf Syst Front 16(3):417–434

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://www.statista.com/%20statistics/936078/worldwide-consumer%20-immersive-technology-market-revenue/
https://www.statista.com/%20statistics/936078/worldwide-consumer%20-immersive-technology-market-revenue/
https://www.statista.com/%20statistics/936078/worldwide-consumer%20-immersive-technology-market-revenue/

	Effects of user factors on user experience in virtual reality: age, gender, and VR experience as influencing factors for VR exergames
	Abstract
	Introduction
	Related work
	Initial study
	Set-up of initial study
	Effects on user experience

	Self-determination theory
	Types of motivation
	Affinity for technology interaction
	User experience and preferences
	Exergaming

	Methods
	Crowdsourcing
	Technology affinity
	Motivation for physical activity and exercise
	Sport motivation
	Participants

	Results
	Age
	Gender
	VR experience
	Sports and frequency
	Sports and money
	Sports and duration
	Sports and ATI

	Discussion
	Age
	Gender
	VR experience
	Sports and motivation
	Sports and frequency
	Sports and money
	Sports and duration

	Sports and ATI
	Limitations and future work

	Conclusion
	References




