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Abstract

In recent years, indoor or at-home sports have experienced significant growth. However,
monotony is a common challenge in these static physical activities. Exergames, a genre of
video games that combines physical activity and entertainment, have emerged as an attrac-
tive solution. Nevertheless, running on a treadmill and engaging in other activities simul-
taneously presents additional challenges. The balance and concentration required during
running while interacting with a video game demand a special focus on the design of the
Exergame. This paper presents a mobile Exergame designed specifically for treadmill run-
ning, utilizing interaction with a smartwatch. The game offers natural environments where,
through smartwatch technology, it interprets the player’s movements, transforming them
into running speed and interactive actions by detecting gestures within the game. The main
objective is to provide users with a satisfying gaming experience tailored to the character-
istics of treadmill running. Particular emphasis has been placed on prioritizing the playful
component of this Exergame, recognizing its relevance in the context of treadmill running.
To evaluate the achievement of objectives and the proposed hypothesis, a comparative
study was conducted between the proposed Exergame and a treadmill running simulator.
Participants experienced both experiences and subsequently completed the Game Expe-
rience Questionnaire (GEQ), specifically the In-game GEQ version. The results obtained
indicate that participants had a better gaming experience in the Exergame than in the sim-
ulator. These findings highlight the importance of prioritizing the playful component in
Exergames and provide guidelines for future improvements and developments in the field.
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1 Introduction

In recent years, there has been significant growth in indoor or at-home sports. Currently,
there is high demand for products such as rollers, ellipticals, or treadmills, which can make
them difficult to obtain due to stock shortages [5, 44]. However, indoor sports present a
challenge related to monotony, as the static environment lacks the variety of changing
stimuli found outdoors [2]. Some users may cope with this monotony, while others turn
to different sources of entertainment to accompany their activity. In gyms, it is common
to see people using stationary bikes, ellipticals, or treadmills while enjoying music, pod-
casts, movies, or other content. Additionally, video games have emerged as an entertain-
ment option during sports activities, and the choice of games depends on the method of
interaction and how well they adapt to the specific physical activity. For instance, playing a
platform video game while using a treadmill would be challenging.

Exergames are video games specifically designed to incorporate physical activity as an
essential part of the gaming experience. These games require specific body movements to
handle mechanics and progress through the narrative [40]. Typically, player movements
are controlled through motion-sensing devices, such as the Wii controller or Kinect sen-
sor [53]. Examples of Exergames include dance games, boxing, or racing as the primary
gameplay mechanics. Furthermore, it is crucial to design video games specifically tailored
to treadmill running, as opposed to existing running simulators. While running simulators
offer a realistic and effective training experience, their primary focus lies in accurately rep-
licating outdoor running conditions. Besides that, Exergames can combine physical exer-
cise with playful elements, providing a more enjoyable and motivating experience for users
[14, 20].

In this context, prior studies have shown that the gaming experience in a running simu-
lator was inferior to that provided by a video game [31]. Even considering that this video
game was not specifically designed to be used on a treadmill, as another study prior to this
one analyzed the differences between its use on the ground and its use on a treadmill [32]
and demonstrated that it was possible to play effectively on the treadmill, adding additional
challenges compared to its use on the ground, which is what it is designed for. Based on
these findings, the decision has been made to develop an Exergame designed for treadmill
running that combines elements of a running simulator and a video game. Where users
follow running routes while facing in-game challenges to complete and progress through
levels. All of this is controlled through the interaction between a smartphone and a smart-
watch. This initiative is based on the hypothesis that Exergames offer a superior gaming
experience compared to running simulators, an aspect that has been underexplored in the
existing literature. The primary goal of this Exergame is to provide users with an engaging
gaming experience that can combat the monotony of indoor exercise and promote physical
activity among sedentary user profiles. Commercial devices have been leveraged instead
of specific hardware to facilitate accessibility. Furthermore, prioritizing the playful com-
ponent when evaluating these video games has been considered crucial, ensuring that a
satisfactory gaming experience is provided through the design of the Exergame. To verify
the hypothesis and the achievement of objectives, a user study was conducted using the
Game Experience Questionnaire (GEQ), specifically its In-game version (In-game GEQ)
[19]. This study aims to gather and analyze information on how video games and physical
activity relate in terms of gaming experience.

In summary, this paper is organized as follows. Section 2 provides a review of the cur-
rent state of sports games and Exergames, highlighting their potential compared to the use
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of running simulators. Section 3 describes the design of the developed game. Next, Sec-
tion 4 details the configuration used for this game and its usage. The results obtained from
the analysis of the applied questionnaire are presented in Section 5. Finally, in Section 6,
the conclusions of the article are presented, summarizing the findings and emphasizing the
importance of designing video games that integrate physical activity as an effective tool for
promoting physical activity in indoor environments.

2 State of the art

Although the positive effects of active video games on various segments of the popula-
tion have been known for some time [14, 26], Exergames are games that integrate physical
activity into the mechanics of a video game, providing a captivating and interactive exer-
cise experience [31, 52]. Unlike running simulators or route planners, Exergames utilize
active physical movement from players to progress in the game narrative and achieve spe-
cific objectives [6]. These games promote real-world physical activity and offer feedback
through devices that track and analyze body movements [23]. Moreover, multiple studies
suggest that playing Exergames improves well-being, inducing positive mood changes,
maintaining happiness levels, and contributing to better physical and mental health, espe-
cially in older adults and individuals with neurocognitive disorders [11, 18, 22, 38, 45, 54].
In the case of video games and applications related to running, various devices play
specific roles in enhancing the overall experience [16]. Execution platforms, such as smart-
watches, smartphones, desktop computers, and gaming consoles, form the foundation on
which they operate. Input devices, such as keyboards, mice, touchscreens, tracking devices,
and voice interaction, allow users to interact with the system and provide data for analysis.
Output devices, such as monitors, speakers, and projectors, present the processed informa-
tion to the user. These devices provide visual, auditory, and tactile feedback to enrich the
running experience. Furthermore, some works and applications incorporate other sources
of information for analyzing actions on the treadmill. For example, through vision-based
activity recognition [21, 29, 48] or providing information through wearable sensors [10]
or proximity sensors [12], for instance, to offer insights on walking behavior [25]. Under-
standing the characteristics of these devices allows harnessing their capabilities to create
immersive and motivating experiences for users. This involves using execution, input, and
output devices effectively to enhance functionalities and the overall user experience.
Emphasis on running Exergames suggests that these video games require at least one
type of goal based on the player’s movement. Taking a reference from a game like Ring Fit
Adventures (RFA), where the player must use two interaction devices, simply raising the
knees or performing skipping movements on the floor suffices without requiring significant
displacement. However, the action of running is not natural, and certain studies have tested
its adaptation on a treadmill [31]. While some studies aimed to develop Exergames for
treadmill running with interaction methods that required specific and uncommon devices
among the general public [1, 39], other studies have developed interaction systems in dif-
ferent video games using more generic devices like activity trackers or smartwatches. For
instance, a gesture-based interaction system to play Super Mario World [35]. Neverthe-
less, no studies have been published that utilize commercial smartwatches to control ges-
ture-based active video games. Considering the data from 2021 published in Statista [13],
which indicates that 3.8 million people worldwide own smartphones and the global market
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for activity tracking bracelets generated a total revenue of approximately 14.5 billion US
dollars, it appears evident that this can be a promising exploration in terms of interaction.

At a research level, efforts are being made in the development of Exergames and tread-
mill running simulators, utilizing approaches such as gamification and Extended Reality
(XR), which encompasses Virtual Reality (VR), Augmented Reality (AR), and Mixed
Reality (MR). Some studies have highlighted the potential of Exergames and gamification
in promoting physical activity [33], but have noted that the experience may vary based on
individual factors [37]. Furthermore, the impact of VR and related technologies on the user
experience and exercise has also been studied, as exemplified by the effectiveness demon-
strated by the omnidirectional KatWalk in VR environments [9]. While VR has been found
to offer greater immersion and enjoyment in games, it can also lead to cybersickness [49].
Additionally, applications of VR and AR have been explored to motivate individuals with
obesity to engage in exercise [51] and to investigate differences in the feeling of disorienta-
tion and the fear of colliding with real objects [64]. Nevertheless, it is also suggested that
striking a balance between personal training and mobile app-based VR solutions in fitness
is important [55].

Current literature suggests that Exergames yield positive outcomes for users, such as
enhanced exercise enjoyment and reduced sedentary behavior. In this regard, distinctions
have been explored between running on a treadmill using an Exergame like RFA versus its
intended ground use, with findings favoring treadmill use in terms of the gaming experi-
ence [32]. Other studies have identified mood and attention improvements when running
in virtual environments compared to viewing neutral stimuli [37]. Moreover, therapeutic
applications of Exergames within XR have been investigated, enhancing the experience,
rehabilitation, and monitoring of individuals with limited mobility [65]. A study focusing
on treadmill games in VR revealed heightened flow and enjoyment compared to traditional
desktop computer gaming but also reported elevated cybersickness levels [49]. Further-
more, investigations have delved into how natural settings can provide more enriching exer-
cise experiences than indoor environments [2]. Despite these advancements, technological
and safety challenges persist, with research primarily concentrating on specific populations
and medical objectives [30]. Hence, further research is warranted to enhance the user expe-
rience and address issues such as stability and dizziness [9, 27].

Regarding VR devices with omnidirectional treadmills, a study [49] evaluated the use
of The Elder Scrolls V: Skyrim under different experimental conditions. Three conditions
were implemented: traditional desktop computer gaming, VR gaming using the HTC VIVE
headset, and gaming in an omnidirectional treadmill environment. The results showed that
VR gaming generated higher levels of flow and enjoyment but also induced greater cyber-
sickness compared to traditional gaming. However, the use of the omnidirectional treadmill
did not significantly improve the gaming experience or reduce cybersickness. In the realm
of rehabilitation, a low-cost VR kit prototype has been developed, employing an omni-
directional treadmill to enable stroke survivors to walk in safe virtual environments and
perform complex locomotor tasks [24]. Additionally, cybersickness has been evaluated in
omnidirectional treadmills, emphasizing the importance of finding a balance between rapid
movement and associated cybersickness [27]. While no specific studies on cyber sickness
in the context of locomotion interface devices based on omnidirectional treadmills have
been conducted [42], research in this area continues in pursuit of more efficient locomotion
techniques that minimize negative effects.

Despite the growing evidence supporting the potential benefits of Exergames in promot-
ing physical activity and health, a comprehensive understanding of their effects and the
determination of optimal strategies for their implementation still require further in-depth
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research. In this context, the current study contributes to the existing literature by exploring
the intrinsic characteristics of video games that can be effective in encouraging physical
activity, an aspect that, to date, has received limited attention.

3 Description of the game

As mentioned previously, the video game presented in this work combines the playful ele-
ment with physical training, specifically designed for use on a treadmill. Unlike existing
running simulators and recreational video games, the objective of this game is to offer a
fun experience while engaging in physical activity. Taking inspiration from the treadmill
running simulator Zwift Run (ZWIFT), the aim is to create a smartphone game with the
route planning and course design features of ZWIFT while also including in-game playful
goals.

The designed game, named Fitoon, features a third-person runner who must traverse a
predetermined route as quickly as possible while collecting coins along the way to increase
their score. The defined courses take place in natural environments where coins are scat-
tered, some of them partially hidden within the course surroundings. Upon capturing
a coin, it approaches the runner, and a sound is played to indicate the successful action.
Additionally, the game incorporates rhythmic background music to accompany the race.
The game runs on a smartphone and is controlled using a smartwatch. This device enables
the detection of the user’s speed and converts it into the avatar’s speed on the screen. More-
over, a specific arm movement gesture has been implemented for the smartwatch to collect
the coins that appear during the game’s progress.

A fundamental aspect aimed to be covered is to provide an immersive experience,
meaning to deliver the subjective feeling of being in a different environment from the one
physically occupied [57]. Building upon ZWIFT as an XR application [50, 56], where
immersion, presence, and interactivity are considered core characteristics [58, 59], the
video game strives to achieve these features by simulating the runner’s movement, imitat-
ing the steps per minute rhythm displayed by the character through its animation based on
the received information.

The development of Fitoon has relied on the Unity 3D game engine, specifically in its
2022.2.13b version. This game engine has served as the foundation for XR applications
and video games that merge the digital and physical worlds, ranging from educational
applications [60], those related to cultural heritage [61], commercial applications [62], to
entertainment games like Pokémon GO, which blend virtual elements with the real envi-
ronment [63]. Furthermore, a game development methodology based on multi-agent sys-
tems has been used to specify the game elements and their logic [28]. This methodology
was selected due to its advantages in terms of flexible interaction, adaptability, artificial
intelligence, and component reuse [43]. Fitoon was developed as an executable applica-
tion for mobile devices, specifically on the Android platform. This choice does not exclude
the possibility of adapting the application to other platforms like iOS in the future. The
decision to initially develop on Android was based on its wide adoption and the flexibility
it offers for connectivity with various devices. However, the most relevant aspect is the
mobile nature of these operating systems. Mobile devices offer portability and the ability to
interact with other devices features that align with Fitoon’s goal of providing an accessible
and versatile gaming experience. Additionally, development on mobile platforms allows
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for rapid iteration and testing, facilitating continuous improvement of the application. In
Fig. 1, a screenshot of the game in full operation can be appreciated.

4 System description

Below is the system model designed for the creation of this game, including the necessary
materials for its implementation, connectivity methods, user interaction, and integration for
the proper execution of the video game.

4.1 Materials used, structure, and connectivity

Due to the specific requirements of the gaming experience, the execution of this video
game requires multiple devices to cover four aspects: input, output, running surface, and
runtime platform. Physical activity in this work is performed on a treadmill. Initially, it is
not necessary to specify requirements for the type or model of treadmill, but it is recom-
mended to have a medium to high width, as slight lateral displacements may occur, which
could bring strides closer to the edges of the treadmill and cause minor stumbling. Specifi-
cally, this work has been developed using a BH-RC09 treadmill. This treadmill features a
running surface of 155X 55 cm and includes instant speed and incline keys for quick adjust-
ments, as well as a 4.0/2.25 HP motor that provides speeds ranging from 1 to 16 km/h.

During the development process, priority was given to creating a game that is acces-
sible and compatible with any treadmill, regardless of its specific characteristics. In this
regard, there was a need to use a device for tracking gestures and the runner’s speed. The
solution found was to leverage devices that treadmill users typically have at hand, such
as smartwatches. These devices are equipped with accelerometers that allow inferring the
runner’s speed and detecting gestures, facilitating interaction between the game and users.
This decision makes the game universally compatible, irrespective of the specific tread-
mill features, such as Bluetooth connectivity, which can vary from one model to another.
The system designed for this project consists of three main components: a smartwatch, a
smartphone, and a smart TV, whose arrangement in the context of the game can be seen in
Fig. 2.

Fig. 1 Screenshot of the game
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Smartphone on the
treadmill. Receives data
from the smartwatch, runs
the game and sends the
image to the TV.

Smartwatch on the wrist.
Collects accelerometer data,
sends it to the smartphone
running the game.

Fig.2 Diagram of the layout and communication between the different configurations of system elements

The smartwatch used in this setup is the Samsung Galaxy Watch 4, operating on
Android Wear 3. This device runs an application specifically designed to collect, interpret,
and communicate user interaction data with the game. While previous versions of Android
Wear allowed direct access to their API from Unity [4], the current Android Wear 3 does
not permit it. However, a solution has been found by exporting the game as a library [46]
and running it natively in an application generated using Android Studio, which acts as a
bridge between both systems.

Figure 3 presents a diagram illustrating the general operation of the system and the inter-
actions among its modules. To begin with, data from the smartwatch’s linear accelerometer
sensor are recorded through an Android Wear application installed on the smartwatch and
are transmitted to the paired smartphone via Bluetooth using a communication service. On
the smartphone, a service-receiving instance is running, which directly conveys this data to
the Unity application. Once within Unity, the game processes the accelerometer data and
converts it into information regarding the player’s actions. Furthermore, the game can be

SMARTWATCH SMARTPHONE SMART TV

Accelerometer Sensor

Unity Game

Screen
Cast

Service Sender Service Receiver

B

Fig.3 Diagram of the communication architecture and information transfer between system modules
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mirrored on a smart TV connected to the same WiFi network to enhance the game’s visual
experience.

As for the display, a smart TV is used, specifically an LG UHD-70-81003-LA with a
70-inch screen in this case. Although the game can be played on the smartphone’s screen,
the smart TV offers a larger size and convenience for the runner. Therefore, the smart-
phone’s screen is sent to the smart TV for display at a higher resolution.

4.2 User interaction

In any video game, user interaction methods play a fundamental role in providing a satisfy-
ing gaming experience. Specifically, in an Exergame like this one, the interaction through
obtaining the user’s running speed and gestures must be robust.

In an ideal scenario, the player’s running speed would be directly obtained from the
treadmill’s speed. However, due to technological limitations during the development of this
work, direct access to this information was not possible. Obtaining the treadmill’s speed
would have been beneficial for more accurate estimation, but its difficult accessibility and
the lack of Bluetooth connectivity in some treadmills would have limited the game’s usabil-
ity. Additionally, an additional device would have been required to detect gestures. For the
sake of generality and safety, the automatic adjustment of parameters such as incline was
discarded, as this could pose safety issues since the treadmill is controlled by the player.

To enhance the game’s accessibility, efforts have been made to reduce the number of
necessary hardware devices. A smartwatch placed on one of the runner’s wrists is used,
with its accelerometers providing approximately six samples per second in a three-dimen-
sional vector format (X, y, z), along with a timestamp.

From these raw accelerometer data from the smartwatch, operations are performed to
transform them into usable information for the game. The first operation involves calculat-
ing the magnitude of the vector for each sample and then taking the differentiation with the
immediately preceding sample. Using these differential values, the process of estimation
and detection begins to convert the user’s movements into actions within the video game.

4.2.1 Estimation of running speed

The estimation of running speed on the treadmill is directly dependent on two parame-
ters: cadence or the number of strides the runner takes per minute, and the length of those
strides. By combining these two parameters, an estimation of the running speed can be
obtained. To obtain them, and based on the differential values between the magnitudes
of the accelerometer samples, it is necessary to make an approximate estimation of both
parameters at stable intervals. Results from other studies suggest that wearable activity
monitors such as smartwatches provide an acceptable measure of real-time cadence and
offer the potential to improve the prescription of physical activity based on intensity [15].

For cadence estimation, the first step is to detect changes in the signal obtained, spe-
cifically the instants when the signal transitions from positive to negative or vice versa.
These instants indicate the occurrence of a step or stride. With this data, the next step is to
accumulate all the detected steps within one-second intervals and then multiply that value
by 60 to obtain an estimated cadence value for the step frequency recorded in that interval.
Finally, to filter noise and outliers, a data smoothing process is applied using a low-pass
filter for noisy signals [7].
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Regarding stride length estimation, there is a fundamental problem since the devices
cannot directly measure the displacement on a treadmill. In the case of outdoor running,
commercial devices obtain stride length from the relationship between the number of
steps and the displacement measured by GPS over a time interval. However, in the lit-
erature, studies have explored multiple parameters related to running, such as stride fre-
quency, stride length, running speed, and energy expenditure [8, 17, 47]. There are even
studies comparing these parameters between outdoor and indoor treadmill running [3].
To address this issue, and based on the information from these articles, an interpolation
curve was approximated to estimate stride length using cadence through a rational func-
tion. The interpolation aims to predict stride lengths for cadence values. For this pur-
pose, a rational function was fitted based on data obtained from the literature, and then
its inverse was used to estimate stride lengths for different cadence values. The rational
function used for interpolation is defined as follows:

y=(a/(b+cx)+d

In the provided equation, x represents the cadence variable (steps per minute), while
y represents the stride length variable (meters). The parameters a, b, ¢, and d are utilized
as coefficients for adjusting the function to fit the measured data and ensure an appropri-
ate adaptation of the curve. Figure 4 depicts a graphical representation of this curve.

Finally, with the obtained values of cadence and stride length, the next step to deter-
mine the speed is to multiply both parameters for each interval and then convert the
units to obtain the speed in kilometers per hour for each interval. Figure 5 illustrates an
example of this process based on the cadence and stride length curves.
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Fig.4 Estimation of Stride Length through Cadence
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Fig.5 Cadence Curve (left), Stride Length Curve (center), and Velocity Curve (right)

4.2.2 Gesture detection

Gesture recognition using sensors is a vast and diverse topic in the literature with multiple
applications in various fields [36]. Upon reviewing the catalog of articles published in the
last five years on this subject, it is evident that a significant majority utilize machine learn-
ing techniques. However, considering the characteristics of the gestures designed for this
video game, a simpler recognition alternative has been considered in this case, while also
contemplating the application of machine learning techniques as a future extension of this
method.

The intended gesture to be detected is a cross-cutting gesture, similar to the motion one
would make with a sword, axe, or hammer. By observing the accelerometer capture data,
a significant peak in magnitude is observed during the moments when the gesture occurs,
resembling a Dirac delta distribution. Figure 6 illustrates an example of a signal obtained
from calculating the magnitude of the accelerometers, where the registered peaks after the
gestures can be observed.

Regarding the gesture detection, it involves an analysis of the magnitude data obtained
from the acceleration sensors, running in parallel with the speed analysis, where peaks or
short-duration high-amplitude magnitude distributions are sought. To achieve this, a detec-
tion interval is utilized based on a threshold value.

4.3 Limitations

At the system level, a technical limitation was encountered due to the use of a smartwatch
with the Android Wear 3 operating system, which was not directly integrated with the
Unity game engine’s API. However, a successful integration process was achieved, ensur-
ing a robust and error-free solution in the studied cases. It is worth noting that the system
has not been tested with other devices such as i0S, and therefore these specific problems
cannot be extended to those devices. In future steps of this project, the aim is to explore
extending the system to include iOS devices.

MAG VS TIME

100.00

75.00

50.00

Fig.6 Example of magnitude signal from an activity on the treadmill

@ Springer



Multimedia Tools and Applications (2024) 83:57709-57729 57719

Regarding the game itself, one of the main limitations was related to the accuracy
of estimating the user’s running speed. Unlike outdoor running where GPS-enabled
devices are commonly used, estimating speed on a treadmill, where GPS is not applica-
ble, required considering biometric and biomechanical factors, such as height, to carry
out this estimation. By leveraging scientific literature in sports and physical activity, a
method based on logarithmic curves was developed, which provided a stable and accu-
rate estimation of running speed [8, 17, 47].

The results obtained so far have demonstrated that the implemented solution is robust
and does not exhibit failures in the tested scenarios. Its functionality and performance
have been validated through various tests, and the data provided by the smartwatch
allow for a reliable estimation of running speed on the treadmill. However, further
research and exploration of additional techniques to enhance the determination of stride
length, speed, and gestures are considered valuable to improve the system’s overall
performance.

5 Experimentation and gameplay experience

One of the objectives of the design and development of this work is to create a video
game that combines moderate physical activity with a satisfying gameplay experience
that motivates users to repeat and turn it into a habit. To achieve this, a study has been
conducted to evaluate the gameplay experience using both a running simulator and the
Exergame presented in this work.

This evaluation aims to observe and analyze user feedback to determine which meth-
ods offer the best combination of enjoyment and difficulty. For this purpose, the In-game
GEQ [19] was used, following the approach proposed by Pallavicini & Pepe [41]. Key
aspects such as immersion level, fluency, positive or negative emotions, challenge, com-
petition, and tension/anxiety were analyzed. Additionally, information about players’
prior experience with video games, treadmill use, and running practice was collected.

Regarding the experiment design, both ZWIFT (running simulator) users and Fitoon
(Exergame) users were positioned in front of a 70-inch screen and a BH-RC09 treadmill
with a running surface of 155X 55 cm. ZWIFT was chosen due to its significant differ-
ences from other simulators, allowing physical interactions between users and promot-
ing interaction and socialization through group races in shared virtual spaces online.
This application uses motion sensors to transfer users’ actions into the virtual world in
real-time, displaying landscapes and other users. The avatar’s speed and actions in the
virtual world reflect the athlete’s physical activity and actions in the real world [50].

For the study, the "May Field" route within the Watopia environment in ZWIFT was
selected, with a length of 0.4 km, although participants could stay on it as long as they
wished. To simulate the same distance used in Fitoon, a route of 0.45 km length was
chosen, with an approximate duration of 2 min, although this duration varied depending
on the speed chosen by the participant. During the game, the runner had to move their
arm to collect as many coins as possible while their virtual avatar progressed along the
course. Participants using ZWIFT running wore a Zwift RUNPOD pedometer on their
shoes, while Fitoon players used a properly positioned smartwatch. Figure 7 shows the
arrangement of these two devices on two participants in the experience. IBM SPSS Sta-
tistics 28.0.0.0 was used as the software for statistical analysis.
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Fig.7 Pedometer used for
ZWIFT (left) and smartwatch
used for Fitoon (right)

5.1 Experiments

Exergames have proliferated nowadays due to their unique characteristics of immersion
and interactivity. These video games are used for physical activity, but also as a form of
entertainment. Although a previous study validated the use of Exergames compared to
treadmill simulators in terms of immersion [31], the chosen Exergame platform is not
designed to be used on treadmills. Thus, there is no scientific evidence justifying the use
of Exergames for treadmill running compared to route simulators on treadmills. There-
fore, a study is proposed to assess the player’s experience and evaluate which technol-
ogy may be more useful in the context of applications developed for treadmill running.
In this regard, the In-game GEQ [19], will be used for comparison.

Depending on the study’s goals, key aspects such as immersion level, flow, positive
or negative emotions, challenge, competition, and tension will be analyzed. Addition-
ally, participants will be asked whether they are runners, treadmill users, and video
game players. The main hypotheses of this study are as follows:

— HI1. Better flow is presented by Fitoon than ZWIFT.
— H2. Users feel more competent while playing Fitoon.
— H3. Fitoon generates less tension than ZWIFT.

The experiment was conducted with the participation of 74 individuals, comprising
27 females and 47 males, with an average age of 28.4 years (Standard Deviation=9.3;
minimum age: 18 years, maximum age: 54 years). Of the total, 67.6% had no previ-
ous experience in using treadmills, while 32.4% had prior experience. Participants were
recruited through advertisements at our educational institution, and their involvement
was individually scheduled in 20-min intervals. In an ideal scenario, participants would
have tested both applications; however, logistical constraints, such as the availability
of only one treadmill and the sluggishness of the transition and calibration process
between applications, led to prioritizing the provision of a system prepared for their
testing, avoiding constant changes. The allocation of the experience was random, with
32 users in the ZWIFT group and 42 in Fitoon. In both cases, users were given a few
minutes to acquaint themselves with the application environment and unfamiliar inter-
action mechanisms. The study received approval from the Ethics Committee of the Uni-
versity Jaume I of Castellon. All participants reported no physical limitations that could
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hinder treadmill use and had some level of experience in both physical exercise and
mobile games.

The study participants, all of whom were physically fit, engaged in a run either in Fitoon
or in ZWIFT. After the experience, they completed the In-game GEQ questionnaire to
evaluate their gaming experience. This questionnaire consists of 14 items that assess com-
ponents such as Competence, Sensory and Imaginative Immersion, Flow, Tension, Chal-
lenge, Negative Affect, and Positive Affect. Table 1 shows the statements of the questions
associated with each component.

Participants rated each item on a five-point Likert scale, where a value of O indicated
complete disagreement and a value of 4 indicated complete agreement. The components of
the In-game GEQ are grouped in pairs of items classified as follows: Competence (items 2
and 9), Sensory and Imaginative Immersion (items 1 and 4), Flow (items 5 and 10), Ten-
sion (items 6 and 8), Challenge (items 12 and 13), Negative Affect (items 3 and 7), and
Positive Affect (items 11 and 14). It is noteworthy that participants did not receive any
incentives to take part in the study.

5.2 Results

The results obtained are presented below after data collection and questionnaire analysis.
Given the ordinal qualitative nature of the investigated variables, a non-parametric analysis
was conducted to determine if there were significant differences between the measured var-
iables. Due to the independence of the samples, the Mann—Whitney U test was employed to
compare the medians [34].

Table 2 shows statistically significant differences (p < 0.05) for the components Compe-
tence (U=425.5, p=0.005) and Flow (U=384, p=0.001). Overall, both experiences pre-
sented very low levels of tension and negative affect, with slightly higher levels observed
in ZWIFT. The median and mode indicate high to very high levels of both competence and
perceived positive affect in both cases. Specifically, the statistical results reveal significant
differences in competence, favoring Fitoon.

Perceived levels of challenge were moderate for both applications, while moderate to
high levels of game flow were observed. Significant differences were found, indicating
higher ratings for Fitoon. Immersion levels were high for both experiences, with Fitoon
slightly surpassing ZWIFT in this aspect. These findings suggest that Fitoon outperforms

Table 1 In-game GEQ

Questionnaire Competence Item 2. I felt successful
Item 9. I felt skilled
Sensory and Imagina-  Item 1. I found the game plot interesting
tive Immersion Item 4. I found it impressive
Flow Item 5. I forgot about everything around me
Item 10. I felt completely absorbed
Tension Item 6. I felt frustrated
Item 8. I felt irritable
Challenge Item 12. I felt challenged
Item 13. I had to put in a lot of effort
Negative Affect Item 3. I felt bored
Item 7. I found it heavy
Positive Affect Item 11. I felt satisfied

Item 14. I felt good
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Table2 Test results Median Mann-Whitney U Bil. A. Sig.

(p value) z

Competence ZWIFT 3 425.5 0,005
FITOON 3

Immersion ZWIFT 3 618,5 0,549
FITOON 2,75

Flow ZWIFT 225 384 0,001
FITOON 3

Tension ZWIFT 0 541,5 0,104
FITOON 0,25

Challenge ZWIFT 2 596 0,397
FITOON 2

Negative Affect ZWIFT 0,5 502,5 0,051
FITOON 0,5

Positive Affect ZWIFT 3,25 630 0,636
FITOON 3,25

ZWIFT in terms of competence and flow, providing users with a more engaging and enjoy-
able gaming experience. Additionally, both applications exhibited low levels of tension and
negative affect, while competence, positive affect, challenge, game flow, and immersion
were rated overall as high in both applications.

Significant differences between the groups were revealed for the following items:

— In terms of perceived success (item 2), Fitoon users rated themselves higher than
ZWIFT users (U=489, p=0.031).

— Regarding boredom (item 3), Fitoon users experienced significantly lower levels com-
pared to ZWIFT users (U=511, p=0.044).

— About the ability to forget about everything around them (item 5), Fitoon users showed
higher agreement with this statement, while responses from ZWIFT users were more
dispersed (U=360, p<0.001).

— In the perception of skill (item 9), Fitoon users felt more skilled than ZWIFT users
(U=413.5, p=0.002).

— Finally, in relation to the effort required (item 13), Fitoon users perceived that they had
to exert less effort compared to ZWIFT users (U=440, p=0.007).

Additionally, the following trends were observed:

— Regarding interest in the game’s storyline (item 1), both groups showed a high level of
agreement. However, Fitoon users exhibited slightly higher interest, with 25% of them
completely agreeing, compared to 20% in ZWIFT.

— About perceived success (item 2), both experiences were similar, although Fitoon
showed a more concentrated distribution of responses, with nearly half of the users
feeling very successful.

— Boredom (item 3) was low in both experiences, although ZWIFT users displayed
greater variation in their responses.

@ Springer



Multimedia Tools and Applications (2024) 83:57709-57729 57723

— There were no significant differences in the impression of the game (item 4) between
both experiences.

— Frustration (item 6) was low in both experiences, although Fitoon users reported
slightly more frustration, possibly due to the challenge of coordinating the run with arm
gestures.

— Regarding the perception of the game’s heaviness (item 7), ratings were low in both
experiences.

— Both user groups strongly disagreed with feeling irritable (item 8).

— Fitoon users perceived themselves as more skilled than ZWIFT users (item 9).

— In terms of perceived absorption (item 10), Fitoon users had slightly higher ratings,
although the differences were not statistically significant.

— The level of satisfaction (item 11) was high in both experiences, with no significant dif-
ferences.

— Regarding perceived challenge (item 12), ZWIFT displayed a more evenly distributed
set of ratings, but both experiences had high levels of perceived challenge.

— In relation to effort (item 13), both experiences received predominantly low ratings, but
Fitoon users perceived less effort compared to ZWIFT users.

— Finally, in terms of well-being (item 14), both experiences received high ratings, with
no significant differences between Fitoon and ZWIFT.

In addition to responding to the questionnaire items shown in Table 1, participants also
rated their level of experience in three activities: playing video games, running, and using
a treadmill. On a common scale, the mean results of these evaluations were 2.69, 2.00, and
1.14, respectively.

5.3 Comparative discussion

The three hypotheses on which this experimentation is based are related to flow, compe-
tence, and tension. The obtained results provide information about the differences between
these two applications and their impact on user perception.

Hypothesis H1 was confirmed, as it was found that Fitoon exhibited higher levels of flow
compared to ZWIFT. The results support this claim, showing that Fitoon outperformed
ZWIFT in terms of perceived flow. These findings suggest that Fitoon provides a more
immersive and engaging gaming experience, allowing users to fully immerse themselves
in the activity. The combination of running on a treadmill and using the smartwatch as an
interaction device likely contributed to the improved flow experienced by users. The natu-
ral movements enabled by the treadmill and the ability to control running speed according
to individual preferences may have contributed to a smoother and more enjoyable gaming
experience. It is important to note that while Fitoon showed advantages in terms of flow,
there was a slight increase in tension due to the challenges of collecting coins. This may
have influenced the flow experience to some extent, but it did not significantly compromise
the overall improvement experienced compared to ZWIFT.

Hypothesis H2 proposed that users would feel more competent when playing Fitoon.
The results confirmed this hypothesis, indicating that Fitoon users reported higher levels of
competence compared to ZWIFT users. The unique features of Fitoon, such as the ability
to use the smartwatch as an interaction device for gaming, may have contributed to users
feeling more confident and skilled in their gameplay. Additionally, the game environment
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provided by Fitoon likely enhanced users’ sense of competence, ultimately leading to a
more positive user experience.

Hypothesis H3 suggested that Fitoon would generate less tension than ZWIFT. How-
ever, the statistical results do not support this hypothesis, as there were no significant dif-
ferences between the medians of both groups. It is important to note that in both experi-
ences, the majority of users indicated a negligible level of tension. The combination of
engaging gameplay mechanics and the use of a smartwatch as an interaction device likely
contributed to a user experience that was more stress-free and enjoyable in Fitoon.

Overall, the findings of this study indicate that Fitoon offers a more engaging and enjoy-
able user experience in terms of flow and competence compared to ZWIFT. The combina-
tion of running on a treadmill and interacting with a smartwatch in Fitoon creates a unique
and immersive gaming experience that enhances user engagement and feelings of compe-
tence. These insights contribute to the growing body of research on Exergames and provide
valuable information for developers and researchers in the design and evaluation of interac-
tive fitness applications.

5.4 Fitoon discussion

Focusing on the data collected from the usability tests exclusively on the game designed in
this work, the results in terms of usability were promising. The individual analysis of the
game revealed high levels of competence and moderately high immersion, which motivates
comparison with other existing treadmill running applications.

The analysis axes were evaluated as indicated by the questionnaire, averaging the two
items involved in each category. Given the scalar quantitative nature of the variables and
the number of users, both the mean and the median were taken into account for the analy-
sis, along with the mode. A summary of the results obtained can be observed in Table 3.
Additionally, to complement the analysis, the results were also studied on an individual
item basis and the justifications provided by the users were qualitatively analyzed, high-
lighting comments, critiques, and valuable suggestions for improvements in the game’s
design.

From the results obtained in this study and presented in Table 3, several relevant insights
can be extracted for each item:

— Competence: Participants generally felt skillful and successful during the game. The
mean value of 3.2 and a median of 3 on the Likert scale suggest that players strongly

Table 3 Results obtained from the experimentation with Fitoon only

Competence Immersion Tension Challenge Negative Affect Positive Affect Flow

Mean 3.226 2.786 0.429 1.869 0.417 3.321 3.000
Median 3.000 2.750 0.250 2.000 0.500 3.250 3.000
Mode 3.000 2.500 0.000 1.500 0.000 3.000 3.000
Skewness  -0.208 -0.120 1.170 -0.016 0.870 0.038 0.183
Kurtosis -0.024 -0.143 0.663 -0.148 -0.290 -1.135 -0.721
Percentil25  3.000 2.500 0.000 1.500 0.000 3.000 2.500
Percentil50  3.000 2.750 0.250 2.000 0.500 3.250 3.000
Percentil75  3.500 3.000 0.625 2.500 0.625 4.000 3.500
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agreed or completely agreed with feeling competent, indicating a high level of compe-
tence during the game.

— Immersion: The results showed a medium-high level of immersion. Most users indi-
cated they strongly agreed that the game’s plot was interesting. However, some users
expressed confusion about what was meant by "plot" in the game.

— Tension: Users’ responses indicated low levels of tension during the game, with the
majority reporting a tension level of zero. Some users mentioned difficulties with ges-
ture detection, which may have contributed to a certain level of frustration.

— Challenge: The perceived level of challenge was moderate. Although users felt chal-
lenged, they did not necessarily feel that they had to exert a lot of effort. This suggests
that the game provides an appropriate balance of challenge.

— Positive Affects: Users reported high levels of satisfaction and well-being during the
game. Nearly 90% of users indicated that they strongly to strongly agreed with feeling
good during the game.

— Negative Affects: Users reported low levels of negative affects, with mean and median
values not exceeding 0.5. Most users did not feel bored or find the game heavy.

— Flow: Users reported a high level of flow in the game, indicating they felt immersed
and focused on the game.

Overall, the results show that users had a positive experience with the Exergame, with
high levels of competence, positive affects, and flow. Although the challenge level was
moderate, responses varied across items, which could suggest different interpretations of
what constitutes a challenge in this context.

Regarding participants’ suggestions for improving the proposal, they mentioned the pos-
sibility of varying the scenario and adding more incentives besides collecting coins. Some
users had difficulties with gesture recognition from the smartwatch. Despite this, users felt
enthusiastic and engaged with the game, although some mentioned the short duration of
the experience as a limitation. These findings provide a solid basis for future improvements
and developments of the Exergame.

6 Conclusions and future work

This paper presents an Exergame specifically designed for treadmill running, controlled
through interaction between a smartphone and a smartwatch. The main objectives are to
provide users with a video game that adapts to the characteristics and peculiarities of tread-
mill running, using generic devices instead of specific hardware, and to create a satisfying
gaming experience that combats indoor monotony and promotes physical activity for sed-
entary user profiles.

Furthermore, the initial hypotheses in this study assert that to validate Exergames in
the context of treadmill running, it is crucial to prioritize the ludic component over the
physical activity component. In other words, to validate the purpose of the video game,
it is necessary to evaluate if its design provides a satisfying gaming experience. To verify
the degree of achievement of the objectives and hypothesis, a comparative user study was
conducted where Fitoon was pitted against the ZWIFT treadmill running simulator. The
assessment of the gaming experience was carried out using the In-game GEQ.

The study results suggest that Fitoon may provide a more appealing user experi-
ence compared to ZWIFT, particularly in terms of flow and competence. However, it
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is important to acknowledge the limitations of this study, including the relatively small
sample size, which may restrict the generalization of the findings. Therefore, further
research with larger and diverse samples is needed to validate and further expand these
results. Additionally, while this study focused on users’ subjective experiences, future
research should consider the incorporation of objective measures of physical activity
and fitness outcomes. This provides a more comprehensive understanding of the effects
of Exergames on physical health and performance.

Overall, the study results support the usability of the proposed game and user satis-
faction. However, some areas for improvement were highlighted, such as variation in the
plot and the detection of gestures by the smartwatch. Furthermore, the limited duration
of the experience was mentioned as a limitation of the study. Study participants showed
enthusiasm and commitment to the game, expressing their desire to continue playing to
improve. These findings support the idea that Fitoon has the potential to be an effective
tool for promoting physical activity in sedentary user profiles.

In conclusion, this study contributes to the growing body of research on Exergames
and highlights the potential of utilizing smartwatch interaction and treadmill running
to create immersive and enjoyable fitness experiences. The findings have implications
for developers, who can leverage this knowledge to design more engaging Exergames,
as well as for researchers, who can continue investigating the impact of Exergames on
physical activity adherence and health outcomes. By addressing limitations and explor-
ing new research avenues, we can continue advancing the field and promoting the adop-
tion of Exergames as a viable means of fostering physical activity and well-being.

In the future, the primary goal is to enhance the gaming experience on a treadmill.
For instance, working with treadmills with interactive connectivity could be an interest-
ing option. Although finding a standard method for multiple treadmill models appears
challenging, in fact, the treadmill used in the study theoretically has Bluetooth con-
nectivity, but the available functionalities did not allow real-time interaction with the
game. On the other hand, improving the accuracy of stride length estimation and, con-
sequently, participants’ speed, either through additional sensors or advanced algorithms,
is also intended. Additionally, the inclusion of more interactive gestures is contemplated
to expand the possibilities of interaction in the game. Moreover, as a direction for future
work, it would be valuable to explore alternative interaction methods, such as heart rate
fluctuation monitoring or using a smartphone’s camera. This approach could enable
gesture recognition or facial expression tracking, opening new possibilities for enhanc-
ing user engagement and immersion in Exergames. By researching different interac-
tion modalities, researchers and developers can continue innovating and improving the
design of interactive fitness applications.

Funding Open Access funding provided thanks to the CRUE-CSIC agreement with Springer Nature.
This work has been developed with the support of valgrAl—Graduate School and Research Net-
work of Artificial Intelligence and the Generalitat Valenciana, and co-funded by the European Union.
Furthermore, with Grants PID2019-106426RB-C32 and PDC2021-120997-C31 funded by MCIN/
AEI/10.13039/501100011033 by the "European Union NextgenerationEU/PRTR”’, and grant to Consoli-
dated Research Groups (CIAICO/2021/037) of the Department of Innovation, Universities, Science and
Digital Society (Generalitat Valenciana).

Data availability Data sharing not applicable to this article as no datasets were generated or analysed during
the current study.

@ Springer



Multimedia Tools and Applications (2024) 83:57709-57729 57727

Declarations

Competing interests All authors certify that they have no affiliations with or involvement in any organization
or entity with any financial interest or non-financial interest in the subject matter or materials discussed in
this manuscript.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, 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 Com-
mons 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://creativecommons.org/licenses/by/4.0/.

References

1. Ahn M, Kwon S, Park B, Cho K, Choe SP, Hwang I, ... Song J (2009) Running or gaming. In:
Proceedings of the international conference on advances in computer entertainment technology, pp
345-348

2. Aratjo D, Brymer E, Brito H, Withagen R, Davids K (2019) The empowering variability of affor-
dances of nature: why do exercisers feel better after performing the same exercise in natural envi-
ronments than in indoor environments? Psychol Sport Exerc 42:138-145

3. Bailey J, Mata T, Mercer JA (2017) Is the relationship between stride length, frequency, and veloc-
ity influenced by running on a treadmill or overground? Int J Exerc Sci 10(7):1067

4. Bernabeu JP, Ortega MAL (2016) Desarrollo de un videojuego en Unity controlado mediante un
smartwatch. Online: 27-07-2023. https://core.ac.uk/download/pdf/78636091.pdf

5. Bicycling (2022) The bike shortage isn’t going away just yet. Online: 27-07-2023. https://www.
bicycling.com/news/a34587945/coronavirus-bike-shortage/

6. Boulos MNK, Yang SP (2021) Mobile physical activity planning and tracking: current options and
future solutions. Int J Health Geogr 20(1):1-21

7. Casiez G, Roussel N, Vogel D (2012) 1€ filter: a simple speed-based low-pass filter for noisy input
in interactive systems. In: Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, pp 2527-2530

8. Cavagna GA, Mantovani M, Willems PA, Musch GJPA (1997) The resonant step frequency in
human running. Pflugers Arch 434:678-684

9. Cherni H, Nicolas S, Metayer N (2021) Using virtual reality treadmill as a locomotion technique in
a navigation task: impact on user experience—case of the KatWalk. Int J Virtual Real 21(1):1-14

10. Cornacchia M, Ozcan K, Zheng Y, Velipasalar S (2016) A survey on activity detection and classifi-
cation using wearable sensors. IEEE Sens J 17(2):386-403

11. Costa MTS, Vieira LP, de Oliveira Barbosa E, Oliveira LM, Maillot P, Vaghetti CAO ... Monteiro-
Junior RS (2019) Virtual reality-based exercise with exergames as medicine in different contexts: a
short review. Clin Pract Epidemiol Mental Health 15:15

12. Ding H, Shangguan L, Yang Z, Han J, Zhou Z, Yang P ... Zhao J (2015) Femo: a platform for free-
weight exercise monitoring with rfids. In: Proceedings of the 13th ACM conference on embedded
networked sensor systems, pp 141-154

13. Ericsson (2022) Number of smartphone subscriptions worldwide from 2016 to 2027. Statista.
Online: 27-07-2023. https://es.statista.com/estadisticas/636569/usuarios-de-telefonos-inteligentes-a-
nivel-mundial/

14. Gao Y, Mandryk R (2012) The acute cognitive benefits of casual exergame play. Proceedings of the
SIGCHI Conference on Human Factors in Computing Systems. https://doi.org/10.1145/2207676.
2208323

15. Han H, Kim H, Sun W, Malaska M, Miller B (2019) Validation of wearable activity monitors for
real-time cadence. J Sports Sci. https://doi.org/10.1080/02640414.2019.1702281

16. Hinckley K, Pahud M, Sinclair M, Mankoff J, Hollan J, Carpendale S (2014) Informing the design
of direct-touch tabletops. IEEE Comput Graphics Appl 34(2):38-46

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://core.ac.uk/download/pdf/78636091.pdf
https://www.bicycling.com/news/a34587945/coronavirus-bike-shortage/
https://www.bicycling.com/news/a34587945/coronavirus-bike-shortage/
https://es.statista.com/estadisticas/636569/usuarios-de-telefonos-inteligentes-a-nivel-mundial/
https://es.statista.com/estadisticas/636569/usuarios-de-telefonos-inteligentes-a-nivel-mundial/
https://doi.org/10.1145/2207676.2208323
https://doi.org/10.1145/2207676.2208323
https://doi.org/10.1080/02640414.2019.1702281

57728 Multimedia Tools and Applications (2024) 83:57709-57729

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.

Hogberg P (1952) How do stride length and stride frequency influence the energy-output during
running? Arbeitsphysiologie 14:437-441

Huang H, Nguyen H, Cheng T, Wong M, Chiu H, Yang Y, Teng C (2019) A randomized controlled
trial on the role of enthusiasm about exergames: players’ perceptions of exercise. Games Health J.
https://doi.org/10.1089/g4h.2018.0057

IJsselsteijn WA, de Kort YAW, Poels K (2013) The game experience questionnaire. Technische
Universiteit Eindhoven

Janssen M, Scheerder J, Thibaut E, Brombacher A, Vos S (2017) Who uses running apps and sports
watches? Determinants and consumer profiles of event runners’ usage of running-related smart-
phone applications and sports watches. PLoS ONE 12(7):e0181167

Javidi B, Pla F, Sotoca JM, Shen X, Latorre-Carmona P, Martinez-Corral M ... Krishnan G (2020)
Fundamentals of automated human gesture recognition using 3D integral imaging: a tutorial. Adv Opt
Photon 12(4):1237-1299

Kappen D, Mirza-Babaei P, Nacke L (2019) Older adults’ physical activity and exergames: a system-
atic review. Int J Hum-Comput Interact. https://doi.org/10.1080/10447318.2018.1441253

Khundam C, Throm R, Wang W, Shah J (2021) An interactive mixed-reality serious game for enhanc-
ing upper-limb stroke rehabilitation. IEEE Trans Neural Syst Rehabil Eng 29(4):1133-1144
Lamontagne A, Blanchette AK, Fung J, McFadyen BJ, Sangani S, Robitaille N ... Anita M (2019)
Development of a virtual reality toolkit to enhance community walking after stroke. In: 2019 Interna-
tional Conference on Virtual Rehabilitation (ICVR). IEEE, pp 1-3

Lee M, Youm C, Noh B, Park H (2020) Gait characteristics based on shoe-type inertial measurement
units in healthy young adults during treadmill walking. Sensors 20(7):2095

Liang Y, Lau P (2014) Effects of active videogames on physical activity and related outcomes among
healthy children: a systematic review. Games Health J. https://doi.org/10.1089/g4h.2013.0070

Lohman J, Turchet L (2022) Evaluating cybersickness of walking on an omnidirectional treadmill in
virtual reality. IEEE Trans Hum-Mach Syst 52(4):613-623

Marin-Lora C, Chover M, Sotoca JM, Garcia LA (2020) A game engine to make games as multi-agent
systems. Adv Eng Softw 140:102732

Marin-Lora C, Martin M, Chover M (2022) A face-tracking method for estimating cadence on tread-
mills. In: Proceedings of the International Conference on Ubiquitous Computing & Ambient Intelli-
gence (UCAmI 2022). Springer International Publishing, Cham, pp 949-954

Marti AC, Alvarez-Pitti JC, Provinciale JG, Lis6n JF, Rivera RB (2015) Alternative options for pre-
scribing physical activity among obese children and adolescents: brisk walking supported by an exer-
gaming platform. Nutr Hosp 31(2):841-848

Martin M, Chover M, Séez E, Marin-Lora C (2022) Comparison between running on a treadmill in a
simulator and in a video game. In: Proceedings of the International Conference on Ubiquitous Com-
puting & Ambient Intelligence (UCAmI 2022). Springer International Publishing, Cham, pp 145-156
Martin MY, Séez Soro E, Marin-Lora C, Chover M (2022) Playing ring fit adventures on the floor or
on a treadmill: a comparative study. CEUR Workshop Proceedings

Matallaoui A, Koivisto J, Hamari J, Zarnekow R (2017) How effective is "exergamification"? A sys-
tematic review on the effectiveness of gamification features in exergames. In: 50th Hawaii Interna-
tional Conference on System Sciences HICSS 2017. AIS Electronic Library (AISeL), Hilton Waikoloa
Village, Hawaii, pp 1-10

McKnight PE, Najab J (2010) Mann-Whitney U Test. The Corsini encyclopedia of psychology, pp 1-1
Nascimento TH, Soares FAA, Nascimento HA, Salvini RL, Luna MM, Gongalves C, Souza EF (2018)
Interaction with platform games using smartwatches and continuous gesture recognition: a case study.
In: 2018 IEEE 42nd Annual Computer Software and Applications Conference (COMPSAC), vol 2.
IEEE, pp 253-258

Nascimento TH, Ferreira CB, Rodrigues WG, Soares F (2020) Interaction with smartwatches using
gesture recognition: a systematic literature review. In: 2020 IEEE 44th Annual Computers, Software,
and Applications Conference (COMPSAC). IEEE, pp 1661-1666

Neumann DL, Moffitt RL (2018) Affective and attentional states when running in a virtual reality envi-
ronment. Sports 6(3):71

Nguyen H, Huang H, Wong M, Yang Y, Huang T, Teng C (2018) Moderator roles of optimism and
weight control on the impact of playing exergames on happiness: the perspective of social cognitive
theory using a randomized controlled trial. Games Health J. https://doi.org/10.1089/g4h.2017.0165
Nurkkala VM, Kalermo J, Jarvilehto T (2014) Development of exergaming simulator for gym training,
exercise testing and rehabilitation. ] Commun Comput 11:403—411

Oh Y, Yang S (2010) Defining exergames & exergaming. Proceedings of meaningful play, 2010, pp
21-23

Springer


https://doi.org/10.1089/g4h.2018.0057
https://doi.org/10.1080/10447318.2018.1441253
https://doi.org/10.1089/g4h.2013.0070
https://doi.org/10.1089/g4h.2017.0165

Multimedia Tools and Applications (2024) 83:57709-57729 57729

41.

42.

43.

44.

45

46.
47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

64.

65.

Pallavicini F, Pepe A (2019) Comparing player experience in video games played in virtual reality or
on desktop displays: immersion, flow, and positive emotions. In: Extended abstracts of the annual sym-
posium on computer-human interaction in play companion extended abstracts, pp 195-210

Pyo S, Lee H, Yoon J (2021) Development of a novel omnidirectional treadmill-based locomotion
interface device with running capability. Appl Sci 11(9):4223

Remolar I, Garcés A, Rebollo C, Chover M, Quirés R, Gumbau J (2015) Developing a virtual trade fair
using an agent-oriented approach. Multimed Tools Appl 74:4561-4582

Strava (2021) Strava’s Year In Sport 2021 charts trajectory of ongoing sports boom. Online: 27-07-
2023. https://blog.strava.com/ea/press/yis2021/

Swinnen N, Vandenbulcke M, Vancampfort D (2020) Exergames in people with major neurocognitive
disorder: a systematic review. Disabil Rehabil: Assist Technol. https://doi.org/10.1080/17483107.2020.
1785566

Unity 3D (2023) Unity as a library. Online: 27-07-2023. https://unity.com/features/unity-as-a-library
Van Oeveren BT, De Ruiter CJ, Beek PJ, Van Dieén JH (2017) Optimal stride frequencies in running at
different speeds. PLoS ONE 12(10):e0184273

Vrigkas M, Nikou C, Kakadiaris IA (2015) A review of human activity recognition methods. Front
Robot AI 2:28

Wehden LO, Reer F, Janzik R, Tang WY, Quandt T (2021) The slippery path to total presence: how
omnidirectional virtual reality treadmills influence the gaming experience. Media Commun 9(1):5-16
Westmattelmann D, Grotenhermen JG, Stoffers B, Schewe G (2021) Exploring the adoption of mixed-
reality sport platforms: a qualitative study on ZWIFT. In: ECIS

Alturki R, Gay V (2019) Augmented and virtual reality in mobile fitness applications: a survey. Appli-
cations of intelligent technologies in healthcare, pp 67-75

Berglund E, Jedel I, Berglund A (2023) Using MediaPipe machine learning to design casual exertion
games to interrupt prolonged sedentary lifestyle. In: International Conference on Human-Computer
Interaction. Springer Nature Switzerland, Cham, pp 237-251

Kim D, Kim W, Park KS (2022) Effects of exercise type and gameplay mode on physical activity in
exergame. Electronics 11(19):3086

Marshall J, Linehan C (2020) Are exergames exercise? A scoping review of the short-term effects of
exertion games. IEEE Trans Games 13(2):160-169

Mungoli N (2020) Exploring the Technological Benefits of VR in Physical Fitness (Doctoral disserta-
tion, The University of North Carolina at Charlotte)

Rauschnabel PA, Felix R, Hinsch C, Shahab H, Alt F (2022) What is XR? Towards a framework for
augmented and virtual reality. Comput Hum Behav 133:107289

Witmer BG, Singer MJ (1998) Measuring presence in virtual environments: a presence questionnaire.
Presence 7(3):225-240

Walsh KR, Pawlowski SD (2002) Virtual reality: a technology in need of IS research. Commun Assoc
Inf Syst 8(1):20

Ryan ML (2015) Narrative as virtual reality 2: revisiting immersion and interactivity in literature and
electronic media. JHU press, Baltimore

Akgayir M, Akgayir G (2017) Advantages and challenges associated with augmented reality for educa-
tion: a systematic review of the literature. Educ Res Rev 20:1-11

Aliprantis J, Caridakis G (2019) A survey of augmented reality applications in cultural heritage. Int J
Comput Methods Heritage Sci 3(2):118-147

Marin-Lora C, Sotoca JM, Chover M (2022) Improved perception of ceramic molds through aug-
mented reality. Multimed Tools Appl 81(30):43373—43390

Qin Y (2021) Attractiveness of game elements, presence, and enjoyment of mobile augmented reality
games: The case of pokémon go. Telematics Inform 62:101620

Ring P, Masuch M (2023) Measuring Collision Anxiety in XR Exergames. In: 2023 IEEE Conference
on Virtual Reality and 3D User Interfaces Abstracts and Workshops (VRW). IEEE, pp 627-628
Meulenberg CJ, de Bruin ED, Marusic U (2022) A perspective on implementation of technology-
driven exergames for adults as telerehabilitation services. Front Psychol 13:840863

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

@ Springer


https://blog.strava.com/ea/press/yis2021/
https://doi.org/10.1080/17483107.2020.1785566
https://doi.org/10.1080/17483107.2020.1785566
https://unity.com/features/unity-as-a-library

	Creating a treadmill running video game with smartwatch interaction
	Abstract
	1 Introduction
	2 State of the art
	3 Description of the game
	4 System description
	4.1 Materials used, structure, and connectivity
	4.2 User interaction
	4.2.1 Estimation of running speed
	4.2.2 Gesture detection

	4.3 Limitations

	5 Experimentation and gameplay experience
	5.1 Experiments
	5.2 Results
	5.3 Comparative discussion
	5.4 Fitoon discussion

	6 Conclusions and future work
	References


