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Abstract: Obesity is one of the biggest health problems globally that, together with sedentarism,
requires solutions that increase the enthusiasm towards physical activity. Therefore, this paper de-
scribes two solutions based on active games using the Kinect sensor and biometric sensors, designed
for the outpatient treatment of childhood obesity. The solutions were applied in an intervention
program based on active video games and motor games, developed with children in treatment for
childhood obesity. An ad hoc questionnaire was used to assess the level of satisfaction, fun, learning,
and behavior changes in the children of the experimental group that developed the intervention.
The results showed a high index of satisfaction with the intervention program, as well as with the
games developed. It is concluded that active video games and group games are highly motivating
and can promote behavior change towards healthier life habits in children.

Keywords: active video games; exergames; childhood obesity; gamification

1. Introduction

Children and adolescents are currently surrounded by technology on the one hand,
and with high rates of sedentarism on the other. In this sense, active video games can be
beneficial to health, and promoting healthy living habits [1,2]. Active video games can be
useful to increase children’s enthusiasm to physical activity [3]. Therefore, active video
games are an excellent tool for improving children’s health and fighting obesity.

Some active video games allow for healthy exercise and fun at the same time. Some
commercial video games, such as the Wii Fit, or Wii devices or Kinect, have been used in
medicine [4]. Likewise, other health video games have been used to prevent, promote,
and improve health, others for the improvement or training of health personnel [5,6].

Research has shown that children with obesity generally have low perceived sports
self-efficacy and body dissatisfaction and tend to have a more sedentary life [7]. The first
difficulty encountered by pediatricians in applying the prescription for a sport to children
with obesity who are being treated is a lack of motivation [8]. Therefore, intervention pro-
grams are required to maintain children’s enthusiasm in the practice of physical activity
[3,9].

On the other hand, there has been a popularization of biometric sensors in the sports
sector. These devices, characterized by their reduced size, allow users to record physio-
logical variables and other types of data related to sports practice. Currently, biometric
sensors are part of an expanding market, and technology brands such as Apple and Sam-
sung, not traditionally linked to sports, have become involved. Modern smartphones with
biometric sensors and hardware are for sale, which allow connectivity with devices of
some of the existing technologies. Different applications enable us to visualize the infor-
mation collected or make use of it for other purposes. The two most popular wireless
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communication protocols for biometric data are ANT+ and Bluetooth Smart, characterized
by low energy consumption and transmission in the ISM bands, open for industrial, sci-
entific, and medical applications. These communication protocols allow data transmission
from one or several biometric sensors to a smartwatch, smartphone, or any other device
capable of storing and/or displaying such information. The diversity of measurable vari-
ables together with relatively low costs have made biometric sensors key elements in two
main fields: on the one hand, they allow both professional and amateur athletes to keep
track of the variables that affect performance during sports practice, optimizing training,
and help to track progress; on the other hand, they allow people with health problems to
keep track of their constants to keep track of the evolution of illness, predict dangerous
situations, and keep health personnel informed of the patient’s condition. The fight
against obesity implies, in addition to healthy nutrition, the incorporation of physical ac-
tivity into the lifestyle. As an alternative to traditional exercise methods, there has been
an increase in the market for so-called fitness games, more commonly known as exer-
games. Exergames are a type of video game oriented to promote the user’s physical activ-
ity, and the term derives from the combination of physical exercise and video games [10].
This goal is usually achieved by implementing direct interaction technologies in the inter-
face that require the movement of large body extensions, making the player’s success de-
pend on their degree of physical involvement. It is also increasingly common to incorpo-
rate these sensors to the sports environment (known as wearable sensors) and the devel-
opment of biomechanical senses, which enable the analysis of the users [11,12].
Considering all the above, this paper presents two solutions based on active games
created in the framework of a project called PROVITAO for the outpatient treatment of
childhood obesity [9]. This project’s objective was to support the treatment of obesity at
an early age through a model of game-based educational intervention designed for
education in healthy habits. This paper seeks to answer the following research questions:

RQ1. What is the level of satisfaction of children on active game-based solutions for the
treatment of obesity?

RQ2. How does the educational intervention program based on active games influence
children’s healthy habits?

This paper is organized as follows. The related works are reviewed in Section 2. In
Section 3, we present two active game-based solutions based on the Kinect and biometric
sensors. Then, the methods and some results regarding the program of intervention are
presented in Sections 4 and 5, respectively. Finally, we summarize the conclusions and
discussion in Section 6.

2. Related Works

There are several studies on video games and physical activity related to energy ex-
penditure in educational programs carried out at school [12,13], which conclude that they
increase children’s motivation to continue exercising outside of school [14]. However, the
reduction in body weight depends on the frequency, duration, and intensity of the phys-
ical activity performed [15], and therefore not all active games are effective. Some studies
have found that dance games’ cardiorespiratory response could be compared to medium
to high-intensity aerobic dance [15]. On the other hand, active video games can promote
healthy and active lifestyles, considerably increasing energy expenditure [16-18], compa-
rable to other physical activities such as walking, jogging, or swimming [19,20]. Some
commercial solutions, such as the active commercial platform (Nintendo Wii), have also
proven to be effective for a more active life [9]. Other studies have demonstrated the ef-
fectiveness of exergames in promoting physical activity and calorie burning in children
[21,22].

Despite the positive findings of several studies on energy expenditure with exer-
games, sports cannot be replaced because only a few active video games actually provide
moderate intensity [21]. Additionally, not all exergames can maintain interest in the long
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term, for example, if performed as a routine or individual physical activity [19]. Interest
and participation can be increased if games are played in group sessions [23].

Concern about sedentary lifestyles and their close relationship to the high rates of
childhood obesity today acts as a catalyst for the development of new exergames and
other forms of human-machine interaction and video game control variables, including
heart rate [24]. As we have seen before, for a game of this type to be effective from a phys-
iological point of view, it must demand a level of physical effort from the player that pro-
duces significant energy expenditure. In turn, overexertion, especially during prolonged
periods, must be actively avoided from the game’s development to prevent an overde-
mand that affects the player’s satisfaction. However, there are physiological consequences
of efforts close to or above the anaerobic threshold. According to [25], the use of non-
conventional bio-controlled human-machine interfaces can result in performance or er-
gonomic benefits, among others. On the other hand, heart rate is valid when estimating
physiological load during physical exercise and, in fact, according to Homan et al. [26],
different studies show the existence of a linear relationship between the pulse and the
intensity of submaximal exercise (i.e., below 85% of maximum heart rate). All of the above
leads to the idea that using a heart rate monitor can help us improve the physiological
effects of the game.

The idea of developing a game controlled almost entirely by the heart rate has been
successfully carried out in various investigations. There are even applications on the mar-
ket based on this principle [25,27,28]. The ones mentioned below are some examples:

Skip a Beat [27]. Skip a Beat is an application for smartphones with a heart rate mon-
itor to train the user to control his heart rate. To do this, the game is divided into different
levels according to the range of pulses. The pulses control the character’s size and move-
ment (the Skip frog), and by keeping within the selected range, a higher final score is
achieved.

Press Masters Biathlon [25]. This prototype game, developed by researchers from the
Helsinki University of Technology, consists of completing a ski slope in the shortest pos-
sible time, alternating with shooting tests. The heart rate is used, on the one hand, to con-
trol the speed of the run, so the higher the rate, the higher the speed; on the other hand, a
higher pulse will negatively affect the accuracy of the shots. The main advantage of this
type of interaction is that it can be played by practicing many different kinds of activities,
such as a static bicycle or a race on site. However, the game is not specifically oriented to
keep the players’ pulses within a range.

Flitz! [28] is an exergame in which the user must avoid the items of penalization and
press the corresponding buttons of the controller (a platform composed of two columns
with buttons at different heights) to attain the reward items. The game will be faster or
slower depending on the player’s pulse and is the concept closest to being implemented
in this study.

Next, two solutions created in the PROVITAO project [9] will be described as exer-
games for treating childhood obesity.

3. Active Game-Based Solutions Based on Kinect and Biometric Sensors

The two solutions created use the Kinect sensor, a device capable of recognizing the
human body and its environment, allowing interaction with information systems without
maintaining physical contact with traditional control systems. The common use of Kinect
and its libraries enable tracking the uset’s joints in space, which makes it possible to con-
trol the avatar in the game using two fundamental methods. The first one consists of trans-
lating the tracked joints’ positions to the positions of the avatar’s joints in the virtual space.
The main advantage of this method is a more detailed reproduction of the various posi-
tions adopted by the users within the sensor’s limitations. However, certain combinations
of joint positions and sequences of movements (such as jumps) are not reproduced relia-
bly enough, leading to overlapping limbs of the avatar, in addition to it not being possible
to apply gravity effectively.
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The second method, the most widespread, is an indirect control of the avatar through
gesture detection. In this case, tracking is used and compares the relative position of the
joints of interest. If the joints pass through these positions within a specific time interval,
then the gesture is considered complete.

The TANGO:H (Tangible Goals for Health) [24] platform uses the Kinect sensor, ap-
plying the human skeletal joint detection method and the cloud-based exercise creation
tool. Another solution is describe, created to capture data from wearable biometric sensors
and its integration with an exergame, using Kinect and applying the gesture detection
method.

3.1. TANGO:H Web Designer

The TANGO:H platform realizes exergames using the Kinect sensor. The TANGO:H
platform has different player modes: the single-player mode, and the multiplayer mode.
The sensor detects two human bodies simultaneously, and sequential, competitive, or col-
laborative exercises can be created in the multiplayer mode. The platform also has an in-
tegrated administrator that enables the management and grouping of users, and assigns
exercises. Once the exercises are performed on the platform, they are stored to retrieve a
statistical analysis of the results. The execution of the exercises can be assessed (Figure 1).

In addition to performing exercises, TANGO:H has an exercise designer, called
TANGO:H Designer. This tool allows the design of exercises adapted to the users’ needs
through a simple and intuitive interface. To make this design tool available without any
installation and accessible from anywhere through the internet and a browser, a web so-
lution has been developed for it. Hosted in a cloud server, this web solution allows the
creation of and access to exercises. Additionally, the cloud platform must have user man-
agement, as well as its desktop version. The exercises created in both desktop and web
versions are fully compatible and allow their execution in the TANGO:H client for final
interaction with the user/patient.

Figure 1. Execution of the exercises created in TANGO:H (Tangible Goals for Health) Designer.

The software allows the creation of different types of exercises: physical, cognitive,
and free. In turn, cognitive exercises can be of matching, sorting, and classification genres.
Each one of the exercise types has different interaction functionalities in the user interface.
An exercise consists of a set of steps, and these, in turn, are organized into a set of phases.
The phases are made up of a set of objectives with different joints of the human body’s
skeleton associated with them, which will be the points of contact. For TANGO:H to in-
terpret an exercise, the information must be structured as described above in an XML file.
The hierarchy of the elements that make up the file structure is exercise, steps, phases,
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objectives, and the associated joints. Additionally, TANGO:H Designer uses multimedia
files to design exercises, such as images or audios.

This paper describes the application developed for the cloud, consisting of three fun-
damental modules: the user interfaces for interaction with the system; the database man-
agement module; and the server module that hosts the application. Each of these modules
is implemented through different technologies. The graphic interface was implemented
in HTML5 and CSS3, and the functionalities were implemented in JSP, JavaScript, and
PHP. The database module was implemented in MySQL, and the server was implemented
in XAMPP.

The editing interface is the main screen of the application (Figure 2), because it is

where the user defines the exercise’s parameters. This interface consists of the following
elements:

(@) Menu bar: Executes the actions on the exercise file and the editor configuration.

(b) Exercise panel: Visualizes the outline of an exercise, allowing navigation through its
components and performing actions on each of its elements.

(c) Target panel: View and edit the properties of the selected target.

(d) Available objectives panel: Contains objectives that can be used in creating an
exercise.

(e) Design panel: Component where the exercise is designed, allowing the dragging of
objectives to this panel.
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Figure 2. Exercise editing interface with its main elements.

The elements mentioned above are described in detail below.
(a) Menu Bar

The bar at the top of the window contains the access buttons to the application’s dif-
ferent options and tools. The elements available in this menu bar are explained in order
from left to right.

e New. Create a new exercise. It directs the user to the selection window.

¢ Open. Opens an exercise from a file and loads it into the application. Only the
exercises that belong to the user will be displayed.

¢ Save. It saves the current exercise.

*  Objectives manager. Accesses the objective image management window.

e  Sound manager. A sound management window is accessed.
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*  Background manager. The window for managing backgrounds is accessed.

* Languages. Selects the language preferences for the application.

e Information on the exercise. On the right side of the menu bar, information
about the exercise being edited is displayed. Clicking on this information will
open a window where the exercise’s name and description can be modified.

(b) Exercise Panel

This outlines the different components of an exercise: Steps, Phases, and Objectives.
It allows the adding or removal of components and modifying some of their properties.
This panel has the following components:

* Add new components. A set of controls located at the top of the panel. These
enable the addition of a new step or phase. For cognitive exercises, the concept
phase will not be used; each step will contain a set of objectives to be achieved.

®  Step properties. In the lower part of the panel, there is a formula in which the
selected Step properties are shown and edited. Here, the name, description, title,
and audio file for the step can be edited.

(c) Target Panel

This panel displays and edits the properties of a Target. A Target presents color,
sound, and behavior concerning the contact points: All at once, One, and Distractor. This
panel has the following elements:

e Target and color. The upper part of the panel shows the target’s image,
surrounded by a frame of the associated color.

* Contact points. The assignment of contact points to the lens is made on the
character image shown at the bottom of the panel. The selected contact points
are shaded with the color associated with the target. It is possible to update the
behavior of the target using the controls located on the image.

¢ Sound of the target. At the bottom of the panel, there is a set of controls that
facilitate sound to the target.

® Delete a lens. The control in the upper right corner of the panel allows the target
to be removed from the exercise.

(d) Available Objectives Panel

Centered at the bottom of the main application window is the panel containing the
set of images available as objectives (targets). These are the images available on the server.
To add a new Objective to the exercise, the desired image is dragged to the Design Panel.

(e) Design Panel

The Design Panel refers to the arrangement and characterization of the objectives for
each of the steps that make up the exercise which will be finally presented to the user on-
screen. The basic actions that can be carried out on the Design Panel are the following:

* Insert target. To add a lens to the exercise, the desired image is dragged from
the panel of available lenses to the day panel.

¢ Select a target (or several). A target is selected by clicking on it with the mouse.
To select several targets at once, the “Ctrl” key is held while each of the desired
targets are selected.

*  Move one target. To move a target, it must be double-clicked and moved with
the cursor around the Design Panel.

By clicking the right mouse button, a menu will be displayed with the following op-
tions:

* New step. It will add a new step to the structure of the exercise.

* Delete step. It will remove the current step from the exercise.

e  Phase properties. It will access the properties of the selected phase.

*  Matching (only for cognitive matching exercises). Allows pairing two selected
objectives.
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Having explored one of the active game-based solutions created to treat childhood
obesity, in the next section, we will present another solution designed to integrate the
biometric data provided by wearable sensors into an exergame.

3.2. Exergame with Sensory Integration of Biometric Signals

Next, we will describe the solution created for the design of exercises in the cloud
(web), as well as the design of a library of sensory integration for the creation of interfaces
and registers of biometric signals.

The main sensory integration objective is to have an online measure of physical effort.
Firstly, it can be used to modulate the activity to keep the user in the desired range of
intensity. Secondly, the energy burn can be estimated for the user’s self-awareness.

As mentioned above, the heart rate is a good indicator of the physical effort to which
the body is subjected. The heart rate (HR) from which severe health damage can occur is
known as the maximum heart rate (HRmax) and serves to calculate the intensity ranges
at which we are working. Although we should subject everyone to a stress test for an
accurate calculation of the HRmax, several formulas allow us to estimate it with some
precision. Despite the accuracy of formulas of estimation when applied to children it is
lower than with adults: compared to the traditional equation HRmax = 220-age, the equa-
tion HRmax =208-(0.7 * age) has proven to be more accurate [29-31], and is recommended
to be used in these circumstances [31]. Therefore, the latter was used in this project.

Depending on the maximum heart rate percentage, we can establish the intensity
ranges shown in Table 1.

Table 1. Intensity ranges according to the percentage of maximum heart rate (HRmax) [32].

Zone Range Characteristics
1 50-60% HRmax Low intensity. Indicated for heating and recovery
after exercise.
M te intensity. Zone indi for th
5 60-70% HRmax .odera e intensity Zone 1nd.1cated. or the
increased metabolism of adipose tissue.
4 80-90% HRmax Aerobic limit.
5 90-100% HRmax Beginning of the anazr(:)f‘:);ct )training zone (oxygen

The cited study, carried out by Keytel et al., estimated an equation of prediction of
energy expenditure (EE) from the pulse, age, sex, and body mass, and whose expression
is:

EE = sex * (55.0969 + 0.6309 * HR + 0.1988 * weight + 0.2017 * age) +
(1-sex) * (-20.402 + 0.4472 * HR-0.1263 * weight + 0.074 * age) kJ/min
where sex =1 for males and sex = 0 for females, HR is expressed in ppm, weight in kg, and
age in years.

As with the maximum heart rate, an accurate calculation of energy consumption dur-
ing physical activity can only be achieved by performing calorimetry tests on each indi-
vidual. However, we can approximate indirect calorimetry using the heart rate because
there is a linear relationship between the pulse and the energy expenditure in the range
of approximately 90-150 ppm [33].

For the game to be executed correctly, it is a requirement to define a user profile in
which the sex, weight, and age are specified. Secondly, it must be possible to connect with
a heart rate sensor (pulsometer) through a USB-ANT+ interface.

The game’s main objective is to keep the user performing a physical effort (aerobic
activity) within a range of healthy pulses. This is within the moderate zone defined by a
HR in the range 60-70% of the HRmax. For this to happen, the user must perform specific
exercises that involve the movement of large muscle groups, mainly the lower body, de-
fined below:
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*  Jump. The central hip joint is raised above 12 cm from its previous position within
15s.

*  Squat. The center hip joint is lowered by six inches from its previous position in a 1.5
s interval.

e Lateral jumps. Starting from a position with the feet together (distance between the
joints of the feet less than 30 cm) and finishing in this same position but having
moved 25 cm to the right or left, depending on the response.

*  Punch. The left or right hands advance in an interval of 1.5 s.

The game interface shows a small area of the scene in which the avatar is centered,
and there are no more movements of the avatar except the lateral steps that must be exe-
cuted to avoid certain objects. Overlaying this is a heads-up display (HUD) through which
the player is provided with feedback on specific aspects of the game, such as:

*  Heart Rate: Located in the upper right corner, it indicates the user’s heart rate, which
changes color from blue to red depending on the range of heartbeats.

e  Calories: Indicates the accumulated energy consumption since the beginning of the
game and are based in the energy expenditure estimation explained above.

¢ Score: Fraction that indicates the number of objects drawn or destroyed satisfactorily
concerning the total number of objects that have appeared.

*  Time Left: Time to analyze the game.

To encourage the user to perform the exercises, the avatar is presented with a series
of items that must be avoided or destroyed. When the user performs one of the actions,
the avatar emulates it and, if it is one of the actions appropriate to the object, it will be
successfully dodged or destroyed. Throughout the game, all the objects that have ap-
peared as well as the number of them that have been drawn/deleted thanks to the actions
executed by the user are counted; this relationship (presented as a fraction and percent-
age) is what we take here as a score. The objects and their corresponding action or actions
are:

e Cylinders (“logs” or “barrels”): dodge by jumping.

*  Blocks: destroy by frontal hit (punch).

®  Shurikens: dodging by squats.

*  Spheres: destroy by lateral jumps. They are presented in series and always appear in
front of the user.

To keep the user intensity in the desired range, the following control loop has been
implemented. As the user’s clicks move closer to the upper limit, the user will have to
dodge fewer objects. On the other hand, when the user’s pulsations start to become too
low, the number of objects to avoid increases. This situation is maintained until the game
is analyzed once the programmed period has elapsed (five minutes). After this, the user
has the option to retry or quit the game.

The mechanics of the game serve to keep the player active, and all its aspects are built
directly or indirectly around this premise, advocating simplicity without forgetting that
the goal is to demonstrate the usefulness of the incorporation of biometric sensors.

The start menu, besides preparing the user for the beginning of the game, has the
function of guaranteeing that the intensity of the exercise is adequate and that the calories
are estimated: on the one hand, knowing the age allows us to calculate the maximum heart
rate, and with it the intensity intervals; on the other hand, in addition to age, we need to
know the sex and weight of the user to estimate the energy expenditure. This is why there
is also a specific range of permissible values for each field.

During the game, the avatar emulates the player’s movements as a mirror, which is
considered the most natural method and allows better visualization of the objects because
the avatar is facing the player.

Moreover, the HUD elements are arranged in such a way that the user can easily
access the information, but with as little disruption to the game as possible.
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Calculating the intensity intervals serves as a basis for controlling the rest of the
game. Increasing or decreasing the frequency with which objects appear has no other pur-
pose than intensifying or reducing the level of effort the user makes, respectively, to keep
their heart rate within the ideal range.

Thus, the fact that the game score is represented as a proportion is a direct conse-
quence of the fact that, on the one hand, the game takes place during a period previously
assigned and, on the other hand, that the time between the appearance of two different
obstacles depends on the player’s pulse because this means that during the programmed
time, the number of total obstacles may vary.

At the same time, setting a period to play, without contemplating an end, responds
to the indicated objective of keeping the player moving while maintaining simplicity.

Different software has been used to implement the exergame, such as Visual C#, Vis-
ual C++, ANTware II 4.100 tools, SimulANT+ 1.6, Unity and the Kinect for Windows SDK.
In addition, different hardware devices were used, such as the ANTUSB2 Sticks from
Geonaute (two units), the Geonaute pulsometer, model SHRM1G, ANT+ technology and
the Kinect sensor. Figure 3 presents a simplified diagram of the solution created.

8 2 %
1S [ Nodeant
| Master |
\ (Pulsometer) /
\ /
N
A
Channel | ANT
. iy TN
yd N N\
/' NodeANT ( |
| Slave | \ Kinect
\  (usBStick2) \
Y ~__~
[
PC
v v
Library Application
>
Server Client

Figure 3. Simplified scheme of the adopted solution.

To test the effectiveness of the game, the heart rate of different subjects was recorded.
The data analyzed corresponded to a five-minute game, requiring the participant to have
not done any physical exercise in the previous hours. For example, Figure 4 shows the
evolution of the heart rate of one of the subjects analyzed (Figure 5). In this case, the be-
ginning of the aerobic zone is at 135 ppm. The initial heart rate is 99 ppm, and a slow but
relatively constant increase is observed, reaching 120 ppm for the first time after 88 s. The
pulses remain between 98 ppm at the beginning and a maximum of 138 ppm. The average
is 121 ppm, somewhat lower than desired, although in this case, it neither exceeds the
upper limit of the aerobic zone nor falls from the zone of moderate intensity.
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Evolution of heart rate throughout the game

e & 5
= Pulse
8 Media

Pulse
(ppm)

0 50 10 150 200 20 300

Time elapsed
(seconds)

Figure 4. Evolution of the heart rate of a person playing the exergame.

Figure 5. Subject playing exergame integrated with biometric sensors.

The next section describes the method followed during the intervention program
named PROVITAO.

4. Method

As mentioned above, the PROVITAO project aims to assist in the treatment of obesity
in children by improving their life habits towards healthier behaviors [7]. The methodol-
ogy followed in this study is quasi-experimental, with two annual phases. The sample is
divided into an experimental group (children with obesity who participate in the inter-
vention program) and a control group (children with obesity who do not participate in
the intervention program). The target population was children diagnosed with obe-
sity/type Il diabetes seen in the hospital of reference.
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4.1. Participants

The sample consisted of 45 children between 6 and 12 years old (25 girls and 20 boys).
The experimental group consisted of 25 children (15 girls and 10 boys), and the control
group consisted of 20 children (10 girls and 10 boys). This convenience sample was se-
lected using inclusion criteria to be diagnosed with childhood obesity (BMI > PC95; unit
of measure kg/m?). The guidelines and ethical principles for medical research in humans,
established in the Declaration of Helsinki, have been followed in implementing the pro-
ject. Therefore, the knowledge and approval of the parents or guardians responsible for
the children themselves were ensured. Furthermore, the research has been approved by
the ethics committee of the University Hospital of the Canary Islands and by the ethics
committee of the University of La Laguna.

4.2. Instruments

We have selected different instruments according to the areas of research of the pro-
ject. All the questionnaires to be used in the project have been previously validated. Thus,
the instruments and variables are described below:

e Biomedical area (pediatrics, nutrition, nursing)

>  Variables: age, weight, height, BMI, skin folds, body perimeters, percentiles,
blood pressure, and analytical parameters

> Instruments: weight, height meter, BMI formula, lipo calibre, inextensible tape
measure, growth curve, sphygmomanometer, and blood analysis.

e Psychological and psycho-pedagogical area:

»  Variables to be measured in children: evaluation of emotions resulting from
human-computer  interaction-observational = measures;  interpersonal
relationships, relationships with parents, self-esteem, and self-confidence;
knowledge and attitudes about healthy living habits and active video games.

> Instruments:

- EMODIANA [34]. An instrument which allows measuring 10 basic
emotions, represented with different expressions of a character associated
with their corresponding labels, adjusted to children’s language. It is used
during group intervention sessions.

- BASC (Behavior Assessment System for Children and Adolescents) [35].
This is a multidimensional questionnaire which measures numerous
aspects of behavior and personality.

- Adaptation of the questionnaire on Physical-Sports Activity and Health-
Wellness [36].

- Player profile test. Adaptation of the questionnaire on use and attitudes
towards video games [37].

- Mediterranean = Diet  Quality = Index—KIDMED  Questionnaire
(Mediterranean Diet Quality Index for children and teenagers) [38].

- Questionnaires for children and parents ad hoc. Items to collect
information about the intervention carried out during the project.

In this paper, we present some results of the questionnaire passed to children of the
experimental group, due to this group having worked with active video games.

4.3. Procedure

The intervention of the project was organized in different yearly phases and during
the year in different moments. The first task was to select the sample and the diagnosis
(medical and pre-tests) in both groups (experimental and control). Then, we carried out
the yearly educational intervention according to the school’s academic course with the
experimental group. The intervention was divided into three parts. The first consisted of
different sessions developed for three months. During this part of the intervention, the
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researchers worked with children group sessions weekly. The learning goals of the inter-
vention program were related to healthy habits. Additionally, regarding the game-based
intervention, before starting the study, we collected and analyzed our sample’s game pref-
erences using an adaptation of the Player profile test [37].

Regarding the intervention carried out with the experimental group, the structure of
sessions related to active video games can be seen in Figure 6.

CHILDREN

—

GROUP SESSIONS

N HOME SESSIONS
90

RGSESIONS 16 S:SOSIONS
"ot Motorgames | 0N Comercia
(in sport field) & SRISRES
50° (TANGO-H, Active
exergames) Videogames
10° (WII FIT PLUS)
30°

Figure 6. Structure of the intervention with the experimental group in PROVITAO.

The data collection was performed at the end of the intervention through a question-
naire created ad-hoc. The instrument consisted of 43 questions, mostly with a Likert scale
from 1 to 5 on the level of agreement or disagreement with the questions, and open-ended
questions to find out opinions about the intervention program’s aspects. The question-
naire’s main objective was to assess the level of satisfaction of the children with the edu-
cational intervention program in its different phases. Regarding active video games, var-
iables such as satisfaction, fun—both in group sessions and at home—and comfort in the
use of wearables were measured. We also sought to know how the intervention program
influenced learning and behavior change in healthy living habits. The 43 items of the scale
were independently measured from 1 (totally disagree) to 5 (totally agree) by each of the
five experts. On the other hand, each item was scored in four predefined dimensions: (1)
relevance of the question: the item is needed to the domain of study; (2) content adequacy:
the extent to which the theme of the item reflects an important content of the field of study;
(3) clear formulation: the use of a language that can be easily understood; and (4) target
population addressing: how the items focus on the specific group of people (children) to
which they are intended. The Kendall’'s W non-parametric static was used to calculate the
interrater agreement in the ordinal scale. Kendall’s W ranges from 0 (no agreement) to 1
(complete agreement). The results obtained showed a high agreement in the different di-
mensions: relevance of the question (0.88); content adequacy (0.76); clear formulation
(0.73); and target population addressing (0.83). The researchers of the project collected the
answers of children and explained the questions to them. The type of statistical methods
used for data analysis for this instrument was descriptive statistics (frequency, mean and
standard deviation). The main results of some variables analyzed through this instrument
are presented below in Section 5.

Afterward, during the second part of the intervention, children designed a vocational
project related to healthy habits. During this part of the intervention, the researchers de-
veloped group sessions with children and parents monthly. The last part of the interven-
tion was developing the designed vocational project under the researchers’ supervision.
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During these moments, we collected data about different areas of the study using the in-
struments mentioned above. We have analyzed the results of questionnaires using SPSS
20.0. Afterwards, we conducted a comparative analysis using the obtained results of the
different moments (pre/post) and groups.

Below are some results obtained in the educational intervention program using ex-
ergames, such as those described above, and motor games to support outpatient treatment
of childhood obesity.

5. Results

In this section, we present some of the program’s main results concerning the active
video games applied to the experimental group, diet, and the anthropometric variables
measured during the intervention program related to obesity applied to both groups (ex-
perimental and control).

As we can observe in Figure 7, there are some preferences about the type of video
games between girls and boys. However, no significant differences have been found (boys
10.0% and girls 13.3%).

Type of videogame by sex in EG

60
50
40
R 30
20 I I
ol [ | I
. I Hn i 1 e
& & & K ,@5’5\ & o & S ;\\“% ¢ &
@ L HFEF T TS @S
(dg’ 2N ] ) “)\6\ V‘b\\ o\@ S

Gender of videogame
HBoys M Girls

Figure 7. Preferences in the type of video games of the experimental group (EG) by sex.

5.1. Perceived Variables Related to Active Video Games

This section presents the satisfaction questionnaire results about the PROVITAO in-
tervention program [9] for the experimental group, which used active video games in the
group sessions and individual homes, in addition to having developed weekly motor
games.

(a) Satisfaction
As shown in Figure 8, most of the children wanted to attend the weekly sessions of
the intervention program (83.3%). On average, the level of desirability was 3.41 (1—very

undesirable, 5—very desirable) (horizontal axis in Figure 8). No significant difference be-
tween girls (3.43) and boys (3.4) was found.
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0.0
1-Very 2 —Undesirable 3 —Neutral 4 —Desirable 5 —Very desirable
undesirable

Level (1-5)

Figure 8. Answers to the question “Were you looking forward to the weekly sessions?”.

When asked what encouraged them to attend the weekly sessions, they replied as
follows:

e WhatIlearned (50%);

e Play (58.3%);

* Do physical activity (25%);

¢  Earn qualifying points (41.7%);

*  Being with colleagues (50%);

*  Being with the professionals (8.3%);
¢ Improve my lifestyle (25%).

Regarding the level of satisfaction with the training received in the group sessions,
they said that they were moderately satisfied (25%), very satisfied (41.7%), and extremely
satisfied (33.3%); there was a high level of satisfaction with the training received (75%).
The level of satisfaction with the training on average was 4.08 (1—very unsatisfied, 5—
extremely satisfied). No significant difference between girls (4.14) and boys (4.00) has been
found.

On the other hand, they were asked about their level of satisfaction with the motor
games held on the sports field, answering that they were moderately satisfied (8.3%), very
satisfied (25%), and extremely satisfied (66.7%); 91.7% were highly satisfied with this part
of the program. The level of satisfaction with the motor games on average was 4.58 (1—
very unsatisfied, 5—extremely satisfied). No significant difference between girls (4.43)
and boys (4.80) was found.

As for the active games, we asked participants what their level of satisfaction with
TANGO:H was, with their answers being the following: moderately satisfied (16.7%), very
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satisfied (41.7%), and extremely satisfied (41.7%). Therefore, we observed a high satisfac-
tion with TANGO:H (83.4%). The average level of satisfaction with TANGO:H was 4.25
(I1—very unsatisfied, 5—extremely satisfied). No significant difference between girls
(4.14) and boys (4.40) was found.

Concerning the sessions in the house carried out with the Wii, the level of satisfaction
they showed was the following: moderately satisfied (33.3%), very satisfied (8.3%), and
extremely satisfied (58.3%). The level of satisfaction with the Wii in the home was on av-
erage 3.25 (1 —very unsatisfied, 5—extremely satisfied). No significant difference between
girls (3.14) and boys (3.40) was found. We also asked them what motivated them to con-
duct the Wii sessions at home, and they answered the following:

e It was fun (58.3%);

* Do physical activity (25%);

¢  That it was mandatory (8.3%);
e Other (8.3%).

(b) Fun

As for fun, we asked them if they had fun in the group sessions, answering often
(33.3%) and always (66.7%); the enjoyment by the participants (Figure 9) was high (100%).
The level of fun in the group sessions was on average 3.66 (1—never, 5—always). No
significant difference between girls (3.71) and boys (3.60) was found.

Frequency of fun

80.00%

70.00% 66.70%

60.00%
B 1—Never

50.00% m 2 —Rarely

40.00% 33.30% m 3 —Sometimes

. (]

30.00% 4 —Often
m 5 - Always

20.00%

10.00%

0.00% 0.00% 0.00%
0.00%

Figure 9. Answers to the question, “Did you have fun in the weekly sessions?”.

Regarding what they liked best about the weekly group sessions, they answered the
following reasons:

- The games and being with the companions;

- Because I had fun games;

- Improve my sessions and have a lot of fun;

- That I learned new things and had fun with all;
- Toplay;

- ThatIplayed and sweated and had a lot of fun;
- Welearned;

- The games;

- Everything we did;

- The games were fun;

- ThatIhad fun and had more friends to play;

- TANGO:H;

- The games we made.
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As for the sessions at home, they were asked if they had become bored using the Wii.
As shown in Figure 10, 66.7% disagreed with that statement, showing fun, but 25% did
express boredom. Girls showed less boredom (90% disagreed with the question) using the
Wii at home than boys (60% agreed to the question). They were asked, in the case that
they had become bored, what had discouraged them, their answers being the following:
always playing the same game (Fit plus) (50%), playing alone (37.5%) and other (12.5%).

Fun using the WII at home

60%
50%
40%

30%

5
20%
10% 0%
0%
1-Strongly 2 —Disagree 3 —Neither agree 4 —Agree 5 —Strongly
disagree or disagree agree

Figure 10. Answers to the question “Did you get bored of using the Wii at home?”.

(c) Comfortability

Concerning the use of the wearables used in the intervention (wristwatch and
Geonaute band), we asked them about the comfort level, and as can be seen in Figure 11,
we saw that 66% stated that they had not been comfortable. The wearables’ level of com-
fort was on average 2.33 (1 —not all comfortable, 5—extremely comfortable). Boys showed
more tolerance to wearables (3.2) than girls (1.71).

Level of comfortability
(pulsometer and pedometer)

'

m 1—Not at all comfortable w2 —Slightly comfortable » 3 —Moderately comfortable

4 —Very comfortable u 5 —Extremely comfortable

Figure 11. Answers to the question “Was it uncomfortable to wear the pulsometer (heart rate mon-
itor) and pedometer?”.
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(d) Learning

During the group sessions, we carried out training sessions about healthy habits (diet
and physical activity), and all the games were designed around these topics. In terms of
learning during the sessions, participants felt that they had learned moderately (16.7%),
very (41.7%) and extremely well (41.7%). Therefore, we observed a high level of perceived
learning (83.4%). Likewise, we asked them if they thought the learning obtained was use-
ful, and 66.7% thought it was, 25% were neutral, and 8.3% disagreed with the statement.
On the other hand, we asked them if they had learned about healthy living habits, with
91.7% answering that they had learned healthy living habits and 8.3% being neutral to this
statement. The learning level on healthy habits was on average 3.58 (1—not at all, 5—
extremely). No significant difference between girls (3.57) and boys (3.60) was found.

(e) Behaviors

In terms of behavior change concerning their physical activity habits, 91.7% re-
sponded that the intervention program had changed their habits (where 100% of boys and
85.7% of girls answered yes) (Figure 12). Likewise, 90.9% thought they had changed their
diet behaviors (where 100% of boys and 85.7% of girls answered yes), now being more
balanced and healthier.

Change of behaviors: physical activity

m Yes = Not

Figure 12. Answers to the question “Do you think the physical activity of the program has
changed the way you behave for your physical activity habits?”.

5.2. Emotions Related to the Intervention

The analysis of the emotions referred by children of the experimental group at the
entry and exit of the group sessions gave us an indicator of the motivation with which
they attended the intervention. However, we are especially interested in the informative
nature of the emotional impact of the intervention.

To assess gamification’s emotional effect, the dynamics of play and training, we com-
pared the emotions reported before starting the sessions with the emotions at the end. The
emotions were registered with the Emodiana tool and have been categorized into positive,
negative, and neutral [39].

All (100%) of the cases in which neutral emotions were reported at the session’s entry
referred to positive emotions at the exit. Most (80%) of the entry’s negative emotions were
modified to positive ones at the session’s exit, and 20% varied to neutral ones. A small
number (4.3%) of the cases in which positive emotions reported at the entry changed to
negative emotions, and the remaining cases maintained positive emotions. The statistical
analysis confirmed that the differences in the distribution of the emotional categories were
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statistically significant both at the entry (x2 (2) = 195.571; p <0.001) and at the exit (x? (2) =
206.333; p <0.001).

We also asked the participants to justify the referred emotions. The resulting catego-
rization was subjected to the concordance analysis for more than two judges by means of
Fleiss” Kappa [40]. The resulting categorization, which achieved a Fleiss’ Kappa index of
k =0.84; an index considered excellent (greater than 0.75) according to Fleiss (1981). Most
of the attributions included reasons related to the structure of the developed activity.
Thus, we can see the positive impact of the group sessions in the experimental group’s
children.

5.3. Anthropometric Variables Related to Obesity

No significant differences were found between the control and experimental groups
or between the pre- and post-intervention on the anthropometric measures. We used, as
a reference value of childhood obesity, the standardized growth charts of the Faustino
Orbegozo Foundation, recommended by the Spanish Association of Paediatrics [41]. A
BMI value of obesity at the age of 8.5 years is established as 23.5 for boys, and 24.7 for
girls, and at the age of 9.5 years is 25.3 for boys and 25.6 for girls. Thus, we can see in Table
2 that both control and experimental groups reduced BMI after the intervention, but the
weight decreased in the experimental group, while in the control group it increased.

Table 2. Anthropometric measures pre- and post-intervention of both groups.

Pre-Test Post-Test
Variables
Median SD Median SD
Experimental
9.275 1.745 9.23 2.03
Group
Age
Control 9.38 1.585 9.65 1.44
Group
Experimental
G 60.615 13.95 58.915 11.435
Weight roup
Control Group 55.865 10.69 56.335 7.575
Experimental
G 1.425 0.115 1.435 0.115
Height roup
Control Group 1.445 0.11 1.465 0.09
Experimental 29.62 473 28.3 351
BMI Group
Control Group 26.675 3.065 25.99 2.32
. Experimental
Waist- 0.98 0.055 0.995 0.07
to-hi Group
o-hip
ratio

Control Group 0.91 0.15 1.55 2.28
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5.4. Healthy Habits

Regarding the impact of the program on healthy habits, particularly on their habits
on feeding, we applied the KIDMED test as a tool to evaluate the adherence to the Medi-
terranean diet for children and youths [38]. The index ranges from 0 to 12, and is based on
a 16-question test, administered by the researchers of the project. Questions denoting a
negative connotation concerning the Mediterranean diet were assigned a value of -1, and
those with a positive aspect +1. The sums of the administered test values were classified
into three levels: (1) >8, optimal Mediterranean Diet; (2) 4-7, improvement needed to ad-
just intake to Mediterranean patterns; (3) <3, very low diet quality. The KIDMED index
showed a slight improvement that was not significant in the experimental group, while
the control group saw a worsening in its KIDMED index, which was significant (Table 3).

Table 3. Index of KIDMED by groups and moments.

Group Stage KIDMED Index

Experimental Group
Min =5.00 Pre-test 7.67
Max =11.00

Control Group
Min =4.00 Pre-test 7.11
Max =11.00

Experimental Group

Min =5.00 Post-test 7.65
Max =10.00
Control Group
Min =5.00 Post-test 6.78
Max =10.00

We started from a sample with homogeneous measures about the quality of the Med-
iterranean diet. Still, after the intervention, we found significant differences in the experi-
mental group’s post-test and control (0.23). So, we can affirm that the means correspond-
ing to the two groups are equal. This means that the children who participated in the
experimental group managed to improve their diet quality [38].

6. Discussion

Regarding the research question RQ1 (What is the level of satisfaction of children on
active game-based solutions for the treatment of obesity?), we can confirm that the de-
signed investment program achieved a high satisfaction on the part of the children. A total
of 83.7% wanted to attend the weekly sessions, mainly motivated by playing (58.3%), be-
ing with their peers (50%), learning (50%), and gaining points (41.7%). Therefore, we ob-
serve that the social factor of playing and gambling are fundamental elements for the sat-
isfaction of minors. All (100%) of the children had fun in the group sessions, stating that
they most enjoyed the games with their classmates and the active video games
(TANGO:H). Likewise, satisfaction with other intervention program elements was evalu-
ated, such as the training (75%) and the motor games (91.7%). TANGO:H was valued very
positively (83.4%) in the group sessions. Additionally, the individual sessions in the
homes with Wii were satisfactory (66.7%), although somewhat less than the group ses-
sions, with the social aspect being what most motivated them to play the fun games
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(58.3%). However, they were also bored playing at home, mainly because they used the
same game (Fit plus) (50%) and because they were alone (37.5%).

We have analyzed the gender differences in the different variables. No significant
difference between girls (3.43) and boys (3.4) has been found in the group sessions’ level
of desirability. Additionally, no significant difference between girls (4.14) and boys (4.00)
has been found in satisfaction with the training. Moreover, regarding the level of satisfac-
tion with the motor games, no significant difference between girls (4.43) and boys (4.80)
has been found. The level of satisfaction with TANGO:H was similar in girls (4.14) and
boys (4.40), as was the use of Wii at home (girls (3.14) and boys (3.40). The group sessions’
level of fun was similar in girls (3.71) and boys (3.60). However, girls showed less bore-
dom using the Wii at home than boys. Notably, in the pre-test, we found that only almost
10% of our sample played with the exergames, and children had other preferences in the
types of video games. Boys prefer shooters, action, race, adventure, and role-playing
video games, while girls like to play simulation games and puzzles.

Additionally, we observed the emotions as an indicator of the motivation and interest
with which children attended the weekly interventions. The emotions showed a positive
impact on children and a high satisfaction to the group sessions. They have related posi-
tive emotions to the structure of the activity. Thus, we can see the positive impact of the
group sessions on the experimental group’s children.

Concerning the research question RQ2 (How does the educational intervention pro-
gram based on active games influence children’s healthy habits?) we can observe that the
designed program was effective in the perceived learning of healthy living habits (91.7%),
in addition to having changed their perceived behaviors for their physical activity habits
(91.7%) and diet (90.9%).

Moreover, no significant difference between girls (3.57) and boys (3.60) has been
found in the level of learning about healthy habits. However, through the KIDMED index
we observed a slight improvement in the experimental group’s diet habits compared to
the control group.

Besides, we measured anthropometric variables, such as BMI or weight, and no sig-
nificant differences were found between the control and experimental groups or between
the pre-and post-intervention stages. Both groups reduced BMI after the intervention, but
the weight increased in the control group and decreased in the experimental group.

We also highlight that the use of biometric sensors with children is not always per-
ceived as comfortable (66%), perhaps because of the bands” use. We found that boys
showed more tolerance to wearables (3.2) than girls (1.71). Besides, some children played
with their wristwatches, and when a fault was detected, they would be taken out of the
game to correct and reactivate the measurements. All this could influence their negative
assessment of the use of these sensors.

7. Conclusions

This paper has presented different active game-based solutions based on the Kinect
and biometric sensors for the treatment of childhood obesity in the framework of an edu-
cational intervention program called PROVITAO. Based on the obtained results, we con-
clude that active game-based interventions have a positive effect in the treatment of chil-
dren with obesity.

We can mention the following as the main contributions of this work:

- The creation of a web-based solution for creating active video games: TANGO:H de-
signer, which allows for designing games in the cloud, and then be downloaded to
be used with the Kinect sensor.

- The creation of a heart rate-controlled exergame that uses biometric sensors and the
Kinect sensor.
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- Aneducational intervention program approach to childhood obesity using commer-
cially available active video games created by the research group, both at home and
in weekly group sessions.

As the main limitations, we need to extend the program’s validation to more children
and evaluate the biometric sensors’ effectiveness integrated into the exergames created.
Moreover, validation is required from medical professionals as to the program’s efficacy
in the long-term treatment of childhood obesity, especially when it comes to maintaining
healthy behaviors. On the other hand, the coronavirus disease 2019 pandemic (COVID-
19) [42-44] has affected the population’s physical activity and mental health [45]. There-
fore, it is necessary to study whether this type of active video games can help maintain a
healthy physical activity and at the same time, help people’s mental health.

In conclusion, active video games and gamification can increase motivation toward
physical activity, learning, and healthier living behaviors in children.
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