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Abstract
Physical activity is important for everyone to maintain and improve health, especially for people with chronic diseases. Mobile
exergaming has the potential to increase physical activity and to specifically reach people with poor activity levels. However,
commercial mobile exergames are not specially designed for older people with chronic illnesses such as heart failure. The
primary aim of this viewpoint is to describe the underlying reasoning guiding the design choices made in developing a
mobile exergame, Heart Farming, tailored specifically for sedentary older people diagnosed with heart failure. The goal of
the exergame is to increase physical activity levels by increasing the daily walking duration of patients with heart failure
by at least 10 minutes. The rationale guiding the design decisions of the mobile exergame is grounded in the thoughtful
integration of gamification strategies tailored for application in cardiovascular care. This integration is achieved through
applying gamification components, gamification elements, and gamification principles. The Heart Farming mobile exergame is
about helping a farmer take care of and expand a virtual farm, with these activities taking place while the patient walks in the
real world. The exergame can be adapted to individual preferences and physical condition regarding where, how, when, and
how much to play and walk. The exergame is developed using augmented reality so it can be played both indoors and outdoors.
Augmented reality technology is used to track the patients’ movement in the real world and to interpret that movement into
events in the exergame rather than to augment the mobile user interface.
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Introduction
Background
Physical activity is important for everyone, especially for
people with chronic disease [1]. Low levels of physical
activity are commonly reported by patients with cardiac
disease, which raises the risk of both illness progression and
death [2-4]. Patients with heart failure benefit from physical
exercise, but the activity must be tailored to the patient’s
baseline condition and the intensity of their symptoms [5].

A promising, innovative way to motivate people to become
more physically active is the use of exergames. Exergames
are games that combine gameplay with physical activity,
requiring people to move in the real world [6]. They lead
to an increase in physical activity [7] and have the potential
to reach people with poor activity levels [8]. Nintendo Wii
and the X-Box Kinect are well-known commercial exergames
that have been tested for effectiveness in older people and for
patients in cardiac rehabilitation programs [9-11]. Although
some exergame studies show benefits for physical activity,
a meta-analysis showed that exergaming, when compared to
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conventional cardiac rehabilitation programs, showed equal
effects in terms of improving exercise capacity, quality of
life, and mental health [11]. Nevertheless, commercially
available exergames, using a “one size fits all” approach, fail
to cater adequately to the specific requirements of the older
adult population in general [12,13], and more specifically,
to individuals dealing with heart failure [14]. A randomized
controlled trial using a commercially available, off-the-shelf
product demonstrated ineffectiveness in enhancing submaxi-
mal exercise capacity among patients with heart failure [15].
Based on interview studies regarding mostly commercial
exergames, adult players perceived barriers to exergaming
that might be related to the fact that the exergames were
initially designed for children or young adults [14,16,17].
Barriers that could hinder older peoples’ abilities to exergame
were poor vision, physical function limitations, and other
health conditions [14,17].

For this reason, the design of exergames for older people
should focus on suitability, usability, and accessibility, as this
will increase acceptance. An important aspect to consider
in designing exergames for older people is that the loca-
tion of play should be flexible, for example, offering the
potential to be played both indoors and outdoors. This can
be realized by developing the exergame for a smartphone,
instead of a stationary computer. Another benefit is that
smartphones are accessible to the target group. Even though
older people might be interested in using mobile phones
[18] and mobile health applications can help older people in
self-care of illnesses and lifestyle improvement [19], there are
no specific mobile exergames designed for older people with
heart failure.

The aim of this paper is to describe the principles and
technology used in Heart Farming, a mobile exergame
designed with the objective of increasing physical activity
for inactive older people with heart failure by increasing their
walking time by at least 10 minutes each day, as this has
been shown to reduce the risk of death or hospitalization
by 4% [20]. The Heart Farming exergame was designed
and developed using an adapted version of the player-cen-
tered, iterative, interdisciplinary, and integrated framework
for serious games [21].
Mobile Exergames for Older People
A previous study shows that outdoor mobile exergames
increase older peoples’ engagement, satisfaction, and interest
in physical activity [22]. Furthermore, previous research
shows that the quality of life for patients with heart conditions
can be improved by using mobile phones as health interven-
tions to stimulate physical activities, medication management,
dermatology, fall detection, and exercise monitoring [23].
Smartphones are recommended for non–face-to-face physical
activity interventions for older people [24]. Smartphones
contain built-in technologies, for example, accelerometers,
cameras, and sensors, that measure users’ movement and
can provide the users with real-time monitoring and feed-
back on their physical activity without the use of a separate
device [25-28]. Furthermore, smartphones provide connectiv-
ity, enabling users to get social support that can impact

individual motivation positively and consequently improve
goal attainment [26,29,30]. Flowie is one of the first mobile
exergames to promote increased physical activity among
older people and is designed to motivate them to enhance
levels of physical activity using a virtual coach [31]. During
an 11-day exploratory intervention, participants expressed
positive feedback regarding the virtual coach, highlight-
ing increased motivation to engage in exercise. However,
quantitative data did not demonstrate a timely increase in
physical activity, possibly due to the prototype’s limited
activity-sensing capabilities and varying weather conditions
during the study. Another mobile exergame is Solitaire
Fitness, an asynchronous exergame designed to enhance
cognitive and physical ability for older people [32]. The
exergame is built on a well-established card game, solitaire,
since familiarity can impact the experience positively. The
exergame gathers gameplay data so researchers and health
professionals can assess project success by measuring user
exercise levels and the frequency of features used in the
exergame. The authors argue that the general attractiveness
and engagement of the game might be improved, while
offering health advantages, if new mechanisms are included
while keeping it accessible and familiar.

To provide older people with an exergame experience that
is perceived as meaningful play, it is important to understand
their needs and why they would want to play the exergame
[33]. Exergames need to be both attractive to the players
as well as effective as an exercise [34]. There are several
guidelines for game design [35], exergame design [14,36],
and fitness applications [37], as well as motivational factors
for mobile games for older adult users [38], all of which
need to be considered when designing exergames for older
people with heart failure. For example, the benefits gained
from playing the exergame need to be clear since they will
impact older adults’ use of the exergame [38]. Furthermore,
the exergame topic should be adjusted to the interests of
older people [36,39,40], and the players’ physical condi-
tion should be considered with a suitable difficulty setting
[36,39]. Furthermore, the user interface should be adapted to
older people [36,39] by, for example, having an easy-to-use
user interface and avoiding small objects by, for example,
using bigger game characters [36]. Feedback should be both
auditory and visual [36], and no feedback should be provided
about unachieved goals or unperformed activities, since only
positive reinforcement should be used to improve behaviors
in exergames for older people [40].
Gamification Features in Exergames

Overview
Gamification can be used to enhance user motivation and
engagement with systems [41] by using game design to
create gamified experiences [42]. Therefore, gamification
features can be integrated in exergames [43]. Matallaoui
et al [43] consider exergames to consist of 3 gamification
components [41,42] that can be applied for people with heart
failure together with gamification principles and gamification
elements [44].
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Gamification Components
Gamification can be presented as a process with 3 main
components, and these components are the fundamental
building blocks that make up a gamified experience [41,44]
(Figure 1):

1. Implemented motivational affordance: Objects in the
user interface of the exergame have properties that
allow the players to experience the satisfaction of their
psychological, internal, motivational needs. These are
used to motivate users to engage with a gamified
experience and provide users with a sense of challenge,
accomplishment, and reward.

2. Psychological outcomes: These are the psychological
experiences promoted by the exergame to motivate the
user to perform activities. These are the emotional or

cognitive effects that gamification can have on users.
Examples of psychological outcomes include increased
engagement and a sense of accomplishment.

3. Behavioral outcomes: These are the behaviors that the
exergame will change and that will affect the player’s
health. These are the specific actions and behaviors
that users take as a result of engaging with a gamified
experience. Examples of behavioral outcomes include
increased participation, the completion of tasks, and
adherence to a desired behavior.

The gamification process starts with motivational affordances
that facilitate the psychological experiences that will, together
with the implemented affordances, in turn influence the
behavioral outcomes (ie, the physical activity for exergames).

Figure 1. Gamification components adapted from Berglund et al [44], which is published under Creative Commons Attribution 4.0 International
License [45].

Gamification Principles
Gamification principles are the underlying concepts and
strategies that guide the design and implementation of
gamification. These principles are the fundamental rules
that govern how a game is played and are used to create
and extend the player experience [46] and increase overall
enjoyment. There are 5 principles that impact the gamifica-
tion process [47]:

1. Meaningful purpose: The goal of the game should align
with the users’ motivations [47].

2. Meaningful choice: Players have agency over how they
achieve their goals and make progress in the game [47]
to satisfy their motivational needs [48].

3. Supporting player archetypes: The game’s mechanics
allow for individual play styles and characteristics [47].

4. Feedback: Feedback on how actions performed in the
game affect the player’s progress is clearly communi-
cated to the player [47]. Instant feedback makes the
game responsive and helps maintain the game’s appeal
[49]. Accumulated feedback provides information about
the progress of players, which makes it suitable for
comparison [49] and can be a source of motivation
when players evaluate how close their current behavior

is in relation to the goal, thus facilitating self-monitor-
ing [50].

5. Visibility: The player can see the status of their current
progress, including how much remains to meet their
goals or finish a task [47].

Gamification Elements
Gamification elements are the specific parts that make up the
game. The main difference between gamification principles
and gamification elements is that gamification principles
define how a game works, are used to create an engag-
ing and fun gameplay experience for players, and refer
to the overarching design concepts that guide the creation
of a game, whereas gamification elements are the specific
implementations used to achieve the principles. The 6 most
common gamification elements used in health care are as
follows [51]:

1. Leaderboards: Leaderboards (or high score lists)
present the rank of players based on their experience
points [51]. Leaderboards enable players to compare
themselves with others and evaluate their performance
[52].
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2. Levels of achievement or rank: These are sums of points
or credits associated with levels. Levels could evoke a
feeling of progression [51].

3. Digital rewards: Rewards for achievements in the game
can have a positive impact on interest and enjoyment
[53] and influence the player’s behavior in different
ways [54]. There are 8 forms of rewards [49]:

• 3.1. Score systems: Numbers are used to mark
player performance.

• 3.2. Experience points reward systems: Experi-
ence points are earned during gameplay and
lead to “leveling up” when specified goals are
achieved.

• 3.3. Item-granting system rewards: These are
virtual items that can be used by players.

• 3.4. Resources: Virtual resources can be collected
and used in the game in a manner that affects
gameplay.

• 3.5. Achievement systems: Players can col-
lect achievements by fulfilling clearly stated
conditions.

• 3.6. Feedback messages for immediate rewards:
Some examples include text, sound effects, and
animations.

• 3.7. Plot animations and pictures: These are
provided after important events in the game such
as clearing a new level.

• 3.8. Unlocking mechanisms: Players are rewarded
by getting access to game content, for example,
new levels achieved when the required experience
points are gained.

4. Real-world prizes: Players can exchange credits or
points earned in the exergame for real-world prizes
such as vouchers, goods, or services.

5. Competitions: Competitions can be invoked through
comparisons with oneself or with peers [50]. Competi-
tion appeals to the player’s social needs, which impacts
their intrinsic motivation [48].

6. Social or peer pressure: Cooperation appeals primarily
to the player’s psychological need for relatedness [48]
and can complement competition [50].

Exergames and Augmented Reality
Augmented reality (AR) is a technology that involves the
use of sensors and cameras to collect and interpret data from
the surrounding environment. AR combines virtual informa-
tion with the real world and can be used for intelligent
displays, 3D registration technology, or intelligent interaction
technology [55]. AR technology is usually used to present
information (eg, graphics, video, or sound) in a dynamic
and interactive manner by overlaying digital content onto the
real-world environment [56], and it is highly recommended
for health applications that bridge the virtual and real worlds
[57]. Furthermore, AR has been used for indoor naviga-
tion [28,58,59] by using the technology to determine the
user’s position in the physical environment. AR can support
localization, but for the technology to work properly, users
need to hold the smartphone device in a specific orientation
and position [59].

The application of AR in fitness is a novel approach
for patient intervention in clinical environments, promotes
physical activity, and protects the public from noncommuni-
cable illnesses [60]. Furthermore, AR has the potential to
play a role in encouraging and sustaining an active lifestyle,
fostering overall well-being among the older adult popula-
tion [61]. Since AR mobile exergames have the potential
to enhance cardiovascular health and physical exercise, they
are appropriate for person-centered care interventions [62].
AR technologies have the potential to complement physical
interventions in altering human behaviors and influencing
physical activity [63]. However, there are several challenges
to successfully implement AR techniques in exergames for
older people, and usability is one of the challenges. Accord-
ing to a study by Stamm et al [60], older people found it
challenging to use complex gestures and navigate menus in
AR exergames. Another challenge is safety, and the danger
of falling has been identified as a safety challenge that
impacts patients’ use of AR exergames [60]. The acceptance
of technology is another challenge that needs to be considered
in AR exergames [60,64].

To create exergames that are fun to play, the physical
environment needs to be considered, since it influences
physical activity [65] and the appropriate technology that
needs to be used. AR has been used for both outdoor
[66] and indoor [67] exergaming. GPS, a satellite-based
radio navigation system, is another technology used in many
mobile location-based exergames intended for outdoor use
[8,68,69]. The error margin of most mobile GPS trackers
is in the 5‐ to 10-m range, which means registering shorter
distances when walking back and forth (as people playing in
smaller areas might have to do) is not possible. However,
GPS has a reduced signal strength or lack of signals in
indoors environments due to the fact that physical obstruc-
tions such as buildings may weaken and even block GPS
signals [70,71]. Therefore, GPS is more suitable for outdoors
positioning while AR can be used both indoors [72,73] and
outdoors [74]. Using the camera for movement tracking
results in spatial movement detection nearly 10 times more
precise than that achieved by a GPS sensor [58]. AR and
GPS can be combined in exergaming. One of the most
well-known mobile exergames using both GPS and AR is
Pokémon GO, which was shown to increase physical activity
[8,68]. Pokémon GO increased user steps by an average of
1473 steps per day over a period of 30 days [8]. However,
Pokémon GO has been criticized for the potential harm it
could cause via traffic accidents due to players’ distraction or
through players placing themselves in dangerous situations or
environments while playing [75,76].

In summary, older people with heart failure often lead
sedentary lifestyles. AR mobile exergames have the potential
to encourage increased physical activity, yet the current lack
of mobile exergames designed for both indoor and outdoor
use, incorporating gamification features to influence patient
behavior, presents a notable gap in the available solutions. In
this viewpoint, we describe the rationale behind the design
decisions in Heart Farming, a mobile exergame tailored for
older people with heart failure.

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 4
(page number not for citation purposes)

https://games.jmir.org/2024/1/e50066


Heart Farming: A Mobile Exergame
Overview
The Heart Farming exergame uses a farming theme, which
involves helping a farmer take care of and expand a farm
(Figure 2A and B). The players can plan activities in the
exergame and then walk in the physical world, indoors or
outdoors, to perform the activities they have planned without
the need to look at the screen while walking (Figure 2B and

C). Available activities are planting and collecting crops of
various kinds (eg, sowing carrots, watering strawberries, and
harvesting oranges), buying new fields, foraging in the forest,
fishing, and selling crops to neighbors on the farm (see Figure
2A-C). Fields and neighbors are visible on a map (Figure 2A
and B), and the player must walk in the real world, both to
perform the planned activities and to move between locations.
As players take care of the farm, they gain experience points,
which, over time, unlock new types of crops to farm as well
as new neighbors to sell to.

Figure 2. Images from the Heart Farming exergame: (A) main view of the exergame showing the farm before any planning of activities, (B) farm
scene as the player plans activities, (C) planned activities are shown in a list view with a progress bar as the player walks, and (D) player statistics and
progress in the exergame.

Gamification Features in Heart Farming
The gamification components applied in Heart Farming are as
follows:

1. Implemented motivational affordance: The desired
behavior of being physically active is paired with
rewards, for example, numeric rewards such as walked
distance and experience points. Walked distance builds
up to complete the daily goal and is only earned while
performing activities in the Heart Farming exergame
that require walking. Sums of experience points are
associated with levels, which evoke a feeling of
progression (Figure 2D). The player gets experience
points by performing activities in the exergame, which
are based on how many meters of movement the AR
system has registered, balanced to match the player’s
own physical activity levels. Experience points can
be earned from all activities, including sit-to-stand
activities, and can be given as a reward, for example,
for reaching the daily goal.

2. Psychological outcomes: The purpose is to increase
players’ motivation and self-efficacy for physical
activity, since these factors are important for patients
with heart failure [77]. It is common for patients with
low exercise capacity to be motivated but lack the
confidence to become more physically active [77].
Achieving daily goals in the Heart Farming exergame
means that patients are following the physical health
recommendation, which might increase their confidence
in walking.

3. Behavioral outcomes: The goal is to increase physical
activity by walking for 10 minutes every day with the
Heart Farming exergame. To create a trigger for the
player to help create the habit of playing every day,
the exergame logs whether players have played or not
and sends a reminder at 12 PM if they have not yet
played that day. A mission book is also included to give
players regular missions; the missions trigger them to
do specific activities in the exergame and encourage
curiosity about later content (see Figure 3D).
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The gamification principles applied in Heart Farming are as
follows:

1. Meaningful purpose: Real-life physical activity is used
to progress in Heart Farming. Players can do 2 types
of physical activities: walking in real life and doing
sit-to-stand activities. Both activities are performed
using the smartphone, which registers the movements
and converts them into virtual exergame progress and
rewards. Walking is required to meet the player’s daily
goal.

2. Meaningful choice: Players can choose freely how,
when, and where to play. Players who are not interes-
ted in optimizing the rewards can choose the auto-
matic mode, which only requires the press of a button
before the patient can begin to walk. Players who want
more challenges and to perform well in the exergame
can instead use the strategic gameplay mode to plan
farming activities, which are chosen freely with little or
no real analysis of the exergame rules and progress.
How players choose to plan their tasks affects the
number of rewards they get. Players can also choose to
play to complete missions in a mission book. Com-
pleting the missions is not obligatory to progress in
the exergame, and many tasks in the missions can
be completed in more than 1 way to give players
choices in how to play the exergame, while others are
more specific to encourage players to try new things
or extend their farm further. An optional sit-to-stand
activity that gives the players experience points or
crops is also included to facilitate players with varying
degrees of mobility.

3. Supporting player archetypes: The goal distance to
walk each day is adapted to the players’ exercise
capacity. Players are represented in Heart Farming

by an avatar in the form of a hat seen from above.
As players progress in the exergame, new hats are
unlocked, so players can choose a hat that they can
identify themselves with. The avatar reflects in-game
activities conducted by the player, such as moving
on the map when the player walks. Heart Farming is
also designed to be adaptable to the players’ exercise
capacity. The goal of 10 minutes of walking per day
can be based on the number of meters walked during a
6-minute walk test [78]. When players walk their daily
goal in the exergame, they receive a trophy. When they
have walked twice or 3 times their daily goal, they are
rewarded with a smaller experience point boost and a
flag animation. After the player has walked 3 times
their daily goal, the walking distance is registered and
displayed to the player, but in a toned-down fashion
without motivational components such as rewards and
with the progress bar completely filled.

4. Feedback: The players receive multiple types of
immediate feedback for performing actions in Heart
Farming that communicates clearly how their actions
affect progress in the exergame. Instant feedback is
provided as visual and auditory information about
the behavior that is currently being performed. For
example, while walking with a plan in motion, the
player can see a progress bar fill up on the current
task and hear sounds corresponding to the action being
performed (eg, watering sounds while watering a field;
see Figure 2C).

5. Visibility: All progress in the form of number of meters
walked is displayed visually so players can see their
overall progress in the Heart Farming exergame as well
as their current progress on their daily goal at any time
(see Figure 2B-D).

Figure 3. Digital rewards in Heart Farming: (A) score system, (B) experience points, (C) daily gifts, (D) achievement systems, and (E) crops that can
be sold to a neighbor.

The gamification elements applied in Heart Farming are as
follows (Figures 3 and 4):

1. Leaderboards: A leaderboard displays the in-game
postal codes of the players that gained the most

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 6
(page number not for citation purposes)

https://games.jmir.org/2024/1/e50066


experience points the previous day (Figure 4A). Since
low-performing players can be demotivated by a
leaderboard when they fall behind and feel that they
cannot catch up with others [79], our leaderboard is
designed so that players have the same opportunity to
be included in it every day, regardless of their perform-
ance in the days prior to the current one.

2. Levels of achievement or rank: Sums of experience
points are associated with levels that evoke a feeling of
progression . Each level also unlocks a new type of crop
to farm or forage, a new tool that makes farming easier ,
a new neighbor to whom the player can sell crops (), or
a new decorative hat for the farmer to use (Figure 4B).
The actual level is always displayed in the upper left
corner (Figure 3).

3. Digital rewards: The following digital rewards are
included in Heart Farming exergame (Figure 3):

• 3.1. Score systems: The total distance walked
adds up to reach the daily goal. It is displayed
as a progress bar in the lower part of the screen
(Figure 3A).

• 3.2. Experience points reward systems: Each
activity in the exergame is translated to experi-
ence points, which are required for the player to
level up over time. A star symbol is used for
experience points (Figure 3B).

• 3.3. Item-granting system rewards: Every day,
players get a gift of free crops to encourage them
to come back to the farm each day (Figure 3C).
This incentive fosters a daily habit of playing,
which in turn promotes walking every day.

• 3.4. Resources: Coins are needed to buy new
fields and are earned from selling crops (Figure
3A).

• 3.5. Achievement systems: Completing specific
tasks unlocks unique animals. Each neighbor has
hearts that are filled by selling them specific
crops, and if all hearts are filled before the end
of the week, the player gets a special decoration
(Figure 3D).

• 3.6. Feedback messages for immediate rewards:
Both animations and sound effects are used
to provide feedback when the players perform
actions. When players complete the daily goal,
they get a reward in the form of an animated
trophy and a boost of extra experience points.

• 3.7. Plot animations and pictures: These were not
used.

• 3.8. Unlocking mechanisms: The players unlock
new tools and crops at higher levels (Figure 4B).

4. Real-world prizes: The exergame does not include any
real-world prizes.

5. Competitions: The exergame does not include any
competition.

6. Social or peer pressure: Each player has their own
in-game postal code that can be used to communi-
cate with other players by sending emojis (eg, smile
messages) with positive reinforcement and packages
with crops to help each other progress in the exergame
(Figure 4C).

Figure 4. Gamification elements in Heart Farming: (A) leaderboards, (B) levels, and (C) social or peer pressure.

The Exergame Development
The game development engine Unity was used for the
exergame development. The player data are stored in an

SQLite database that is connected to a Flask server. The
exergame was developed for both the Android and the iOS
smartphone operating systems that support AR. The AR is
only used to track the players’ movements when walking in
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the real world. AR enables acceleration-independent tracking
by analyzing visual discrepancies among identified landmarks
by calculating the change through the AR program’s SLAM
solution [80,81]. The status of the AR program is displayed
for the player using a stop traffic light with 2 colors: a green
light means that the AR can track and register the player’s
movement so the player can walk, whereas a red light means
that the AR is not working. A red light may either indicate
that the AR program is loading or that it is unable to analyze
the current camera feed for some reason, for example, it is
too dark, the player is moving too fast, or the camera feed
is covered. A warning pop-up is displayed for the player
and proposes a solution based on the problem. If the camera

feed is too dark, the player is prompted to relocate to a
brighter place, and if the movement speed is too high (biking
or driving speed), the player is prompted with 1 of the 3
different messages: “bad camera image (dark/covered),” “too
fast motions for camera,” and “initializing/restarting tracking”
(Figure 5).

To mitigate the risk of falling, the player does not need to
look at the screen while walking. The player creates a plan
with activities and can then walk to perform all activities in
the plan without the need to look at the screen. Each activity
has a sound to provide feedback for the player about what is
happening on the farm.

Figure 5. (A) Green traffic light and (B-D) red traffic light with warning messages.

Discussion
Principal Findings
Research indicates that older people with heart failure can
potentially reduce the risk of death or hospitalization by 4%
simply by adding a daily 10-minute walk to their routine [20].
In response to this, we developed a mobile exergame, Heart
Farming, specifically designed to increase their physical
activity levels. The rationale that directed the design decisions
of the mobile exergame described in this work is based on
well-established game design methods to support behavioral
changes for inactive patients with heart failure in an enjoyable
way. Gamification components, gamification principles, and
gamification elements have been applied for designing the
exergame. Heart Farming is based on a farming theme, and to
play the game, players need to walk in the real world.

Exergames can persuade people to exercise more when
they are designed for exercising [82], but defining appropriate

goals is difficult, and therefore, official institutional guideline
values can be used appropriately as a starting reference point
[64]. Since regular physical activity can help preserve health
and enhance the quality of life for the patient group, the
exergame is designed so that the patient comes back to the
exergame and plays every day, for example, using daily gifts
with different crops and daily reminders when the patient has
not walked.

The gamification components in Heart Farming are
provided to increase the patients’ physical activity, which
requires behavioral changes. Since motivation drives humans
to perform and can arise from physiological or psychological
needs, thoughts, or emotions [83], the design and technical
implementation is applied to balance the patients’ physical
needs with an elusive fun factor. To perform a behavior, a
person must be motivated, have sufficient ability, and have
a trigger to prompt the behavior [84]. Thus, the design of
Heart Farming aims to increase the motivation to engage in
physical activity and keep it at a level where the patients’

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 8
(page number not for citation purposes)

https://games.jmir.org/2024/1/e50066


abilities are sufficient to perform the activity. For the trigger,
the exergame sends a reminder at 12 PM if the player has
not yet played that day. By setting the reminder around lunch
time, the patient can associate playing the exergame with an
existing habit of eating lunch, making it easier to create a
new habit either before or after eating. According to Stawarz
et al [85], reminders can, however, hinder habit formation if
the user gets reliant on the reminders, which causes the habit
to die out if the user stops using the app. By only sending
reminders to players who have not played yet, only those who
need the reminder get them, and as they start connecting a
trigger event in their lives to the new habit, the reminders
might phase out naturally over time. A potential problem with
having a set time for the reminders is that the time might
not work for some patients, as they might be busy or might
not have any trigger events such as having lunch around that
time. Allowing patients to set their own reminder time might
make it easier for them to form a habit.

The only way for players to customize their avatar is to
change the hat that is visible from above. Furthermore, the
players only unlock new hats after reaching higher levels and
thus have very limited choices in the beginning. This could
make it harder to relate to and identify with the avatar, which
has been shown to be important for games that aim to change
behavior [82]. However, changing to a more human avatar
could raise issues regarding how much personalization is
needed to ensure that nobody feels alienated by the available
choices. It may therefore be better to stick to an avatar where
the patient must imagine what the farmer looks like on their
own.

To avoid endangering the patients’ health and to avoid
physical overexertion, as demonstrated with Pokémon GO
[86], players will not be encouraged to walk after reaching
3 times their daily goal, but they are not prohibited from
continuing to walk if they wish to exercise further, and the
data will still be collected and stored by the game. This allows
for individual play styles and characteristics, which has been
identified as an important principle [44]. Players can also
decide which play style they want to use when playing the
exergame (automatic plan or strategic plan).

Players that wish to compare themselves to others as a way
of challenging themselves to do better can use the leaderboard
to see the scores from other players from the previous day
and work toward reaching the top of the board. By reset-
ting scores daily and collecting scores 1 day at a time, new
players or those who have not played the exergame in a
while still have an opportunity to top the leaderboard. Players
can compare their results by looking at the leaderboard or
by talking to other players about their scores and progress.
Players can also interact with other players in the exergame
by sending messages. The possibility to play with others
has been identified as a desired feature in exergaming for
patients with heart failure [14,17]. The question of whether
sending messages is an optimal format for interaction should
be further explored.

To not endanger the patients’ health, the AR technique is
used to track the players’ movements when walking rather

than to enhance the real world. The AR technology is used
to detect the players’ motion in the real world so players
can choose to be physically active indoors, outdoors, or both.
Using AR technology may have some practical constraints.
When using the AR as a tool for motion detection, it is
important that the players understand why and how the
camera in the smartphone is used, so they feel confident when
they play and can interact with the exergame as required.
For Heart Farming, the players can play the exergame by
either holding the smartphone in front of them or hanging
the smartphone in a bag around the neck. In both cases, the
front-facing camera must have a clear view of the surround-
ings. However, the player does not need to look at the
screen while walking, which mitigates the risk of falling.
The players get audio feedback informing them about the
performed activities. AR is not the only technique available
for tracking the players’ movement. GPS and step counting
are 2 possible alternatives, both of which could be used even
if the smartphone is kept inside a pocket. Step counting is
an offline data stream that is reported occasionally, so it is
not directly accessible by the system for instant feedback.
Step counting also does not provide good data for users that
move slowly or generate little vibration from their steps and
is therefore unsuitable for the target patient group. Since GPS
lacks precision or fails entirely indoors, it is not suitable for
indoor use. However, GPS could be incorporated for outdoor
use only, with AR still used for indoor movement, although
making the choice between the technologies in an easy way
could be challenging.

The effects of playing the Heart Farming exergame will be
investigated in a randomized control trial with patients with
heart failure, and the data are currently being collected. In the
study, the patients’ experiences from playing the exergame
will also be investigated.
Conclusion
Heart Farming is a mobile exergame tailored to increase
physical activity in inactive older people with heart failure
by encouraging them to walk for at least 10 minutes each
day. The Heart Farming exergame is about helping a farmer
take care of and expand a virtual farm. The advantages of the
proposed exergame can be summarized as follows:

• The Heart Farming exergame detects patients’ physical
activities by using AR technology to detect patients’
movements in the real world, both indoors and
outdoors.

• The AR technology in the Heart Farming exergame
continuously registers patients’ movements in the real
world and interprets them into events in the exergame,
which then generates both visual and auditory feedback.

• The Heart Farming exergame can support patients’ own
individual preferences and conditions regarding where
(indoors or outdoors), how (automatic or strategic
gameplay), how much (patients are rewarded for once,
twice, or 3 times their daily goal, and after that,
progress is registered and displayed without rewards),
and when (patients are remined at 12 PM if they have
not played that day) to play.

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 9
(page number not for citation purposes)

https://games.jmir.org/2024/1/e50066


Acknowledgments
The authors would like to thank the the Swedish National Science Council (2020-01109); The Swedish Heart and
Lung Foundation (20200190); the Kamprad Foundation (20210074) and the Research Council in South East Sweden
(FORSS-940933 and FORSS-995300) for their support of this work.
Authors’ Contributions
TJ, AB, EB, LK, and AS acquired the funding for the study. The conception of the study was carried out by AB, AS, EB, LK,
and TJ. The design was collaboratively developed by AB, AS, EB, HO, JF, LK, and TJ. AS and EB were responsible for the
software development and analysis, while the interpretation of data was conducted by AB, AS, EB, HO, LK, and TJ. The initial
draft of the work was written by AS and EB. Substantive revisions were made by AS, EB, HO, JF, LK, and TJ. Finally, the
submitted version was reviewed and approved by AB, TJ, HO, JF, AS, and EB.
Conflicts of Interest
None declared.
References
1. Pedersen BK, Saltin B. Exercise as medicine–evidence for prescribing exercise as therapy in 26 different chronic

diseases. Scand J Med Sci Sports. Dec 2015;25 Suppl 3:1-72. [doi: 10.1111/sms.12581] [Medline: 26606383]
2. Moholdt T, Wisløff U, Nilsen TIL, Slørdahl SA. Physical activity and mortality in men and women with coronary heart

disease: a prospective population-based cohort study in norway (the HUNT study). Eur J Cardiovasc Prev Rehabil. Dec
2008;15(6):639-645. [doi: 10.1097/HJR.0b013e3283101671] [Medline: 18779734]

3. Stewart RAH, Held C, Hadziosmanovic N, et al. Physical activity and mortality in patients with stable coronary heart
disease. J Am Coll Cardiol. Oct 3, 2017;70(14):1689-1700. [doi: 10.1016/j.jacc.2017.08.017] [Medline: 28958324]

4. Jeong SW, Kim SH, Kang SH, et al. Mortality reduction with physical activity in patients with and without
cardiovascular disease. Eur Heart J. Nov 14, 2019;40(43):3547-3555. [doi: 10.1093/eurheartj/ehz564] [Medline:
31504416]

5. McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines for the diagnosis and treatment of acute and chronic
heart failure. Eur Heart J. Sep 21, 2021;42(36):3599-3726. [doi: 10.1093/eurheartj/ehab670] [Medline: 34447992]

6. Mueller F, Khot RA, Gerling K, Mandryk R. Exertion games. FNT Hum-Comput Interact. Dec 29, 2016;10(1):1-86.
[doi: 10.1561/1100000041]

7. Kari T. Can exergaming promote physical fitness and physical activity?: a systematic review of systematic reviews. Int J
Gaming Comput-Mediat Simul. 2014;6(4):59-77. [doi: 10.4018/ijgcms.2014100105]

8. Althoff T, White RW, Horvitz E. Influence of Pokémon GO on physical activity: study and implications. J Med Internet
Res. Dec 6, 2016;18(12):e315. [doi: 10.2196/jmir.6759] [Medline: 27923778]

9. Verheijden Klompstra L, Jaarsma T, Strömberg A. Exergaming in older adults: a scoping review and implementation
potential for patients with heart failure. Eur J Cardiovasc Nurs. Oct 2014;13(5):388-398. [doi: 10.1177/
1474515113512203] [Medline: 24198306]

10. Zeng N, Pope Z, Lee JE, Gao Z. A systematic review of active video games on rehabilitative outcomes among older
patients. J Sport Health Sci. Mar 2017;6(1):33-43. [doi: 10.1016/j.jshs.2016.12.002] [Medline: 30356538]

11. Blasco-Peris C, Fuertes-Kenneally L, Vetrovsky T, Sarabia JM, Climent-Paya V, Manresa-Rocamora A. Effects of
exergaming in patients with cardiovascular disease compared to conventional cardiac rehabilitation: a systematic review
and meta-analysis. Int J Environ Res Public Health. Mar 15, 2022;19(6):3492. [doi: 10.3390/ijerph19063492] [Medline:
35329177]

12. Wollersheim D, Merkes M, Shields N, et al. Physical and psychosocial effects of Wii video game use among older
women. Int J Emerg Technol Soc. 2010;8(2):85-98. URL: http://handle.uws.edu.au:8081/1959.7/uws:35361 [Accessed
2024-07-17]

13. Skjæret N, Nawaz A, Morat T, Schoene D, Helbostad JL, Vereijken B. Exercise and rehabilitation delivered through
exergames in older adults: an integrative review of technologies, safety and efficacy. Int J Med Inform. Jan
2016;85(1):1-16. [doi: 10.1016/j.ijmedinf.2015.10.008] [Medline: 26559887]

14. Klompstra L, Jaarsma T, Mårtensson J, Strömberg A. Exergaming through the eyes of patients with heart failure: a
qualitative content analysis study. Games Health J. Jun 2017;6(3):152-158. [doi: 10.1089/g4h.2016.0087] [Medline:
28422516]

15. Jaarsma T, Klompstra L, Ben Gal T, et al. Effects of exergaming on exercise capacity in patients with heart failure:
results of an international multicentre randomized controlled trial. Eur J Heart Fail. Jan 2021;23(1):114-124. [doi: 10.
1002/ejhf.1754] [Medline: 32167657]

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 10
(page number not for citation purposes)

https://doi.org/10.1111/sms.12581
http://www.ncbi.nlm.nih.gov/pubmed/26606383
https://doi.org/10.1097/HJR.0b013e3283101671
http://www.ncbi.nlm.nih.gov/pubmed/18779734
https://doi.org/10.1016/j.jacc.2017.08.017
http://www.ncbi.nlm.nih.gov/pubmed/28958324
https://doi.org/10.1093/eurheartj/ehz564
http://www.ncbi.nlm.nih.gov/pubmed/31504416
https://doi.org/10.1093/eurheartj/ehab670
http://www.ncbi.nlm.nih.gov/pubmed/34447992
https://doi.org/10.1561/1100000041
https://doi.org/10.4018/ijgcms.2014100105
https://doi.org/10.2196/jmir.6759
http://www.ncbi.nlm.nih.gov/pubmed/27923778
https://doi.org/10.1177/1474515113512203
https://doi.org/10.1177/1474515113512203
http://www.ncbi.nlm.nih.gov/pubmed/24198306
https://doi.org/10.1016/j.jshs.2016.12.002
http://www.ncbi.nlm.nih.gov/pubmed/30356538
https://doi.org/10.3390/ijerph19063492
http://www.ncbi.nlm.nih.gov/pubmed/35329177
http://handle.uws.edu.au:8081/1959.7/uws:35361
https://doi.org/10.1016/j.ijmedinf.2015.10.008
http://www.ncbi.nlm.nih.gov/pubmed/26559887
https://doi.org/10.1089/g4h.2016.0087
http://www.ncbi.nlm.nih.gov/pubmed/28422516
https://doi.org/10.1002/ejhf.1754
https://doi.org/10.1002/ejhf.1754
http://www.ncbi.nlm.nih.gov/pubmed/32167657
https://games.jmir.org/2024/1/e50066


16. Ning H, Jiang D, Du Y, et al. Older adults’ experiences of implementing exergaming programs: a systematic review and
qualitative meta-synthesis. Age Ageing. Dec 5, 2022;51(12):afac251. [doi: 10.1093/ageing/afac251] [Medline:
36571772]

17. Cacciata MC, Stromberg A, Klompstra L, et al. Facilitators and challenges to exergaming: perspectives of patients with
heart failure. J Cardiovasc Nurs. 2022;37(3):281-288. [doi: 10.1097/JCN.0000000000000825] [Medline: 34091566]

18. Zhou J, Rau PLP, Salvendy G. Age-related difference in the use of mobile phones. Univ Access Inf Soc. Nov
2014;13(4):401-413. [doi: 10.1007/s10209-013-0324-1]

19. Debon R, Coleone JD, Bellei EA, de Marchi ACB. Mobile health applications for chronic diseases: a systematic review
of features for lifestyle improvement. Diabetes Metab Syndr. 2019;13(4):2507-2512. [doi: 10.1016/j.dsx.2019.07.016]
[Medline: 31405669]

20. Conraads VM, Spruit MA, Braunschweig F, et al. Physical activity measured with implanted devices predicts patient
outcome in chronic heart failure. Circ Heart Fail. Mar 1, 2014;7(2):279-287. [doi: 10.1161/CIRCHEARTFAILURE.113.
000883] [Medline: 24519908]

21. Berglund A, Jaarsma T, Orädd H, et al. The Application of a Serious Game Framework to Design and Develop an
Exergame for Patients With Heart Failure. JMIR Form Res. 2024;8:e50063. [doi: 10.2196/50063]

22. Birn T, Holzmann C, Stech W. MobileQuiz: a serious game for enhancing the physical and cognitive abilities of older
adults. In: Stephanidis C, Antona M, editors. Universal Access in Human-Computer Interaction Aging and Assistive
Environments UAHCI 2014. Lecture Notes in Computer Science, Vol 8515. Springer; 2014:3-14. [doi: 10.1007/978-3-
319-07446-7_1]

23. Joe J, Demiris G. Older adults and mobile phones for health: a review. J Biomed Inform. Oct 2013;46(5):947-954. [doi:
10.1016/j.jbi.2013.06.008] [Medline: 23810858]

24. Müller AM, Khoo S. Non-face-to-face physical activity interventions in older adults: a systematic review. Int J Behav
Nutr Phys Act. Mar 10, 2014;11(1):35. [doi: 10.1186/1479-5868-11-35] [Medline: 24612748]

25. Ryder J, Longstaff B, Reddy S, Estrin D. Ambulation: a tool for monitoring mobility patterns over time using mobile
phones. Presented at: 2009 International Conference on Computational Science and Engineering; Aug 29-31,
2009:927-931; Vancouver, BC. [doi: 10.1109/CSE.2009.312]

26. Paul L, Brewster S, Wyke S, et al. Increasing physical activity in older adults using STARFISH, an interactive
smartphone application (app); a pilot study. J Rehabil Assist Technol Eng. Apr 5, 2017;4:2055668317696236. [doi: 10.
1177/2055668317696236] [Medline: 31186925]

27. Consolvo S, Klasnja PV, McDonald DW, et al. Flowers or a robot army? encouraging awareness & activity with
personal, mobile displays. In: UbiComp ’08: Proceedings of the 10th International Conference on Ubiquitous
Computing. Association for Computing Machinery; 2008:54-63. [doi: 10.1145/1409635.1409644]

28. Rehman U, Cao S. Augmented-reality-based indoor navigation: a comparative analysis of handheld devices versus
Google Glass. IEEE Trans Human-Mach Syst. Feb 2017;47(1):140-151. [doi: 10.1109/THMS.2016.2620106]

29. Consolvo S, Everitt K, Smith I, Landay JA. Design requirements for technologies that encourage physical activity. In:
Grinter R, Rodden T, Aoki P, editors. CHI ’06: Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems. Association for Computing Machinery; 2006:457-466. [doi: 10.1145/1124772.1124840]

30. Greaves CJ, Sheppard KE, Abraham C, et al. Systematic review of reviews of intervention components associated with
increased effectiveness in dietary and physical activity interventions. BMC Public Health. Feb 18, 2011;11:119. [doi: 10.
1186/1471-2458-11-119] [Medline: 21333011]

31. Albaina IM, Visser T, van der Mast C, Vastenburg MH. Flowie: a persuasive virtual coach to motivate elderly
individuals to walk. Presented at: 3d International ICST Conference on Pervasive Computing Technologies for
Healthcare; Apr 1 to 3, 2009; London, United Kingdom. [doi: 10.4108/ICST.PERVASIVEHEALTH2009.5949]

32. Garcia JA, Sundara N, Tabor G, Gay VC, Leong TW. Solitaire Fitness: design of an asynchronous exergame for the
elderly to enhance cognitive and physical ability. Presented at: 2019 IEEE 7th International Conference on Serious
Games and Applications for Health (SeGAH); Aug 5-7, 2019:1-6; Kyoto, Japan. [doi: 10.1109/SeGAH.2019.8882471]

33. Ijsselsteijn W, Nap HH, de Kort Y, Poels K. Digital game design for elderly users. In: Future Play ’07: Proceedings of
the 2007 Conference on Future Play. Association for Computing Machinery; 2007:17-22. [doi: 10.1145/1328202.
1328206]

34. Sinclair J, Hingston P, Masek M. Considerations for the design of exergames. In: GRAPHITE ’07: Proceedings of the
5th International Conference on Computer Graphics and Interactive Techniques in Australia and Southeast Asia.
Association for Computing Machinery; 2007:289-295. [doi: 10.1145/1321261.1321313]

35. Marston HR. Design recommendations for digital game design within an ageing society. Educ Gerontol. Feb
2013;39(2):103-118. [doi: 10.1080/03601277.2012.689936]

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 11
(page number not for citation purposes)

https://doi.org/10.1093/ageing/afac251
http://www.ncbi.nlm.nih.gov/pubmed/36571772
https://doi.org/10.1097/JCN.0000000000000825
http://www.ncbi.nlm.nih.gov/pubmed/34091566
https://doi.org/10.1007/s10209-013-0324-1
https://doi.org/10.1016/j.dsx.2019.07.016
http://www.ncbi.nlm.nih.gov/pubmed/31405669
https://doi.org/10.1161/CIRCHEARTFAILURE.113.000883
https://doi.org/10.1161/CIRCHEARTFAILURE.113.000883
http://www.ncbi.nlm.nih.gov/pubmed/24519908
https://doi.org/10.2196/50063
https://doi.org/10.1007/978-3-319-07446-7_1
https://doi.org/10.1007/978-3-319-07446-7_1
https://doi.org/10.1016/j.jbi.2013.06.008
http://www.ncbi.nlm.nih.gov/pubmed/23810858
https://doi.org/10.1186/1479-5868-11-35
http://www.ncbi.nlm.nih.gov/pubmed/24612748
https://doi.org/10.1109/CSE.2009.312
https://doi.org/10.1177/2055668317696236
https://doi.org/10.1177/2055668317696236
http://www.ncbi.nlm.nih.gov/pubmed/31186925
https://doi.org/10.1145/1409635.1409644
https://doi.org/10.1109/THMS.2016.2620106
https://doi.org/10.1145/1124772.1124840
https://doi.org/10.1186/1471-2458-11-119
https://doi.org/10.1186/1471-2458-11-119
http://www.ncbi.nlm.nih.gov/pubmed/21333011
https://doi.org/10.4108/ICST.PERVASIVEHEALTH2009.5949
https://doi.org/10.1109/SeGAH.2019.8882471
https://doi.org/10.1145/1328202.1328206
https://doi.org/10.1145/1328202.1328206
https://doi.org/10.1145/1321261.1321313
https://doi.org/10.1080/03601277.2012.689936
https://games.jmir.org/2024/1/e50066


36. Planinc R, Nake I, Kampel M. Exergame design guidelines for enhancing elderly’s physical and social activities. In:
Proccedings of The Third International Conference on AMBIENT Computing, Applications, Services and Technologies
(AMBIENT 2013). IARIA; 2013:58-63. URL: http://hdl.handle.net/20.500.12708/54918 [Accessed 2024-07-17]

37. Campbell T, Ngo B, Fogarty J. Game design principles in everyday fitness applications. In: CSCW ’08: Proceedings of
the 2008 ACM Conference on Computer Supported Cooperative Work. Association for Computing Machinery;
2008:249-252. [doi: 10.1145/1460563.1460603]

38. de Carvalho RNS, Ishitani L. Motivational factors for mobile serious games for elderly users. Presented at: SBGames
2012: XI Simpósio Brasileiro de Games e Entretenimento Digital; Nov 2-4, 2012:19-28; Brasília, Brazil. URL: https://
www.sbgames.org/sbgames2012/proceedings/papers/cultura/C_F3.pdf [Accessed 2024-07-17]

39. Li J, Xu X, Pham TP, Theng YL, Katajapuu N, Luimula M. Exergames designed for older adults: a pilot evaluation on
psychosocial well-being. Games Health J. Dec 2017;6(6):371-378. [doi: 10.1089/g4h.2017.0072] [Medline: 29131678]

40. Brox E, Fernandez-Luque L, Evertsen G, González-Hernández J. Exergames for elderly: social exergames to persuade
seniors to increase physical activity. Presented at: 5th International ICST Conference on Pervasive Computing
Technologies for Healthcare (PervasiveHealth) and Workshop; May 23 to 26, 2011; Dublin, Republic of Ireland. [doi:
10.4108/icst.pervasivehealth.2011.246049]

41. Hamari J, Koivisto J, Sarsa H. Does gamification work?--a literature review of empirical studies on gamification.
Presented at: 2014 47th Hawaii International Conference on System Sciences (HICSS); Jan 6-9, 2014:3025-3034;
Waikoloa, HI. [doi: 10.1109/HICSS.2014.377]

42. Huotari K, Hamari J. Defining gamification: a service marketing perspective. In: MindTrek ’12: Proceeding of the 16th
International Academic MindTrek Conference. Association for Computing Machinery; 2012:17-22. [doi: 10.1145/
2393132.2393137]

43. Matallaoui A, Koivisto J, Hamari J, Zarnekow R. How effective is “exergamification”? a systematic review on the
effectiveness of gamification features in exergames. In: Proceedings of the 50th Hawaii International Conference on
System Sciences. AIS Electronic Library (AISeL); 2017:3316-3325. [doi: 10.24251/HICSS.2017.402]

44. Berglund A, Jaarsma T, Berglund E, Strömberg A, Klompstra L. Understanding and assessing gamification in digital
healthcare interventions for patients with cardiovascular disease. Eur J Cardiovasc Nurs. Aug 29, 2022;21(6):630-638.
[doi: 10.1093/eurjcn/zvac048] [Medline: 35709297]

45. Creative Commons License - Attribution 4.0 International - CC BY 4.0 Creative Commons. URL: https://
creativecommons. org/licenses/by/4.0/ [Accessed 2024-08-02]

46. Robson K, Plangger K, Kietzmann JH, McCarthy I, Pitt L. Is it all a game? understanding the principles of gamification.
Bus Horiz. 2015;58(4):411-420. [doi: 10.1016/j.bushor.2015.03.006]

47. Floryan M, Chow PI, Schueller SM, Ritterband LM. The model of gamification principles for digital health
interventions: evaluation of validity and potential utility. J Med Internet Res. Jun 10, 2020;22(6):e16506. [doi: 10.2196/
16506] [Medline: 32519965]

48. Ryan RM, Rigby CS, Przybylski A. The motivational pull of video games: a self-determination theory approach. Motiv
Emot. Dec 2006;30(4):344-360. [doi: 10.1007/s11031-006-9051-8]

49. Wang H, Sun CT. Game reward systems: gaming experiences and social meanings. In: Proceedings of DiGRA 2011
Conference: Think Design Play. DiGRA; 2011. URL: https://dl.digra.org/index.php/dl/article/view/594 [Accessed
2024-07-17]

50. Weiser P, Bucher D, Cellina F, De Luca V. A taxonomy of motivational affordances for meaningful gamified and
persuasive technologies. In: Proceedings of EnviroInfo and ICT for Sustainability 2015. Atlantis Press; 2015:271-280.
[doi: 10.2991/ICT4S-ENV-15.2015.31]

51. Lister C, West JH, Cannon B, Sax T, Brodegard D. Just a fad? gamification in health and fitness apps. JMIR Serious
Games. Aug 4, 2014;2(2):e9. [doi: 10.2196/games.3413] [Medline: 25654660]

52. Costa JP, Wehbe RR, Robb J, Nacke LE. Time’s up: studying leaderboards for engaging punctual behaviour. In:
Gamification ’13: Proceedings of the First International Conference on Gameful Design, Research, and Applications.
Association for Computing Machinery; 2013:26-33. [doi: 10.1145/2583008.2583012]

53. Phillips C, Johnson D, Klarkowski M, White MJ, Hides L. The impact of rewards and trait reward responsiveness on
player motivation. In: CHI PLAY ’18: Proceedings of the 2018 Annual Symposium on Computer-Human Interaction in
Play. Association for Computing Machinery; 2018:393-404. [doi: 10.1145/3242671.3242713]

54. Mekler ED, Brühlmann F, Tuch AN, Opwis K. Towards understanding the effects of individual gamification elements
on intrinsic motivation and performance. Comput Human Behav. Jun 2017;71:525-534. [doi: 10.1016/j.chb.2015.08.048]

55. Chen Y, Wang Q, Chen H, Song X, Tang H, Tian M. An overview of augmented reality technology. J Phys: Conf Ser.
Jun 2019;1237(2):022082. [doi: 10.1088/1742-6596/1237/2/022082]

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 12
(page number not for citation purposes)

http://hdl.handle.net/20.500.12708/54918
https://doi.org/10.1145/1460563.1460603
https://www.sbgames.org/sbgames2012/proceedings/papers/cultura/C_F3.pdf
https://www.sbgames.org/sbgames2012/proceedings/papers/cultura/C_F3.pdf
https://doi.org/10.1089/g4h.2017.0072
http://www.ncbi.nlm.nih.gov/pubmed/29131678
https://doi.org/10.4108/icst.pervasivehealth.2011.246049
https://doi.org/10.1109/HICSS.2014.377
https://doi.org/10.1145/2393132.2393137
https://doi.org/10.1145/2393132.2393137
https://doi.org/10.24251/HICSS.2017.402
https://doi.org/10.1093/eurjcn/zvac048
http://www.ncbi.nlm.nih.gov/pubmed/35709297
https://creativecommons.%20org/licenses/by/4.0/
https://creativecommons.%20org/licenses/by/4.0/
https://doi.org/10.1016/j.bushor.2015.03.006
https://doi.org/10.2196/16506
https://doi.org/10.2196/16506
http://www.ncbi.nlm.nih.gov/pubmed/32519965
https://doi.org/10.1007/s11031-006-9051-8
https://dl.digra.org/index.php/dl/article/view/594
https://doi.org/10.2991/ICT4S-ENV-15.2015.31
https://doi.org/10.2196/games.3413
http://www.ncbi.nlm.nih.gov/pubmed/25654660
https://doi.org/10.1145/2583008.2583012
https://doi.org/10.1145/3242671.3242713
https://doi.org/10.1016/j.chb.2015.08.048
https://doi.org/10.1088/1742-6596/1237/2/022082
https://games.jmir.org/2024/1/e50066


56. Garcia JA, Navarro KF. The mobile RehAppTM: an AR-based mobile game for ankle sprain rehabilitation. Presented at:
2014 IEEE 3rd International Conference on Serious Games and Applications for Health (SeGAH); May 14-16, 2014:1-6;
Rio de Janeiro, Brazil. [doi: 10.1109/SeGAH.2014.7067087]

57. Fu Y, Hu Y, Sundstedt V. A systematic literature review of virtual, augmented, and mixed reality game applications in
healthcare. ACM Trans Comput Healthcare. Mar 3, 2022;3(2):1-27. [doi: 10.1145/3472303]

58. Rajeev S, Wan Q, Yau K, Panetta K, Agaian SS. Augmented reality-based vision-aid indoor navigation system in GPS
denied environment. In: Agaian SS, Asari VK, DelMarco SP, editors. Proceedings Volume 10993, Mobile Multimedia/
Image Processing, Security, and Applications 2019. SPIE; 2019. [doi: 10.1117/12.2519224]

59. Möller A, Kranz M, Diewald S, et al. Experimental evaluation of user interfaces for visual indoor navigation. In:
CHI ’14: Proceedings of the SIGCHI Conference on Human Factors in Computing Systems. Association for Computing
Machinery; 2014:3607-3616. [doi: 0.1145/2556288.255700]

60. Stamm O, Vorwerg S, Müller-Werdan U. Exergames in augmented reality for older adults with hypertension: a
qualitative study exploring user requirements. In: Zhou J, Salvendy G, editors. Human Aspects of IT for the Aged
Population. Social Media, Games and Assistive Environments HCII 2019. Lecture Notes in Computer Science (LNISA,
Vol 11593). Springer; 2019:232-244. [doi: 10.1007/978-3-030-22015-0_18]

61. Chirico A, Avellone M, Palombi T, et al. Exploring the psychological nexus of virtual and augmented reality on physical
activity in older adults: a rapid review. Behav Sci (Basel). Dec 31, 2023;14(1):31. [doi: 10.3390/bs14010031] [Medline:
38247683]

62. Ferguson C, Davidson PM, Scott PJ, Jackson D, Hickman LD. Augmented reality, virtual reality and gaming: an integral
part of nursing. Contemp Nurse. 2015;51(1):1-4. [doi: 10.1080/10376178.2015.1130360] [Medline: 26678947]

63. Ng YL, Ma F, Ho FK, Ip P, Fu KW. Effectiveness of virtual and augmented reality-enhanced exercise on physical
activity, psychological outcomes, and physical performance: a systematic review and meta-analysis of randomized
controlled trials. Comput Human Behav. Oct 2019;99:278-291. [doi: 10.1016/j.chb.2019.05.026]

64. Schlomann A, von Storch K, Rasche P, Rietz C. Means of motivation or of stress? the use of fitness trackers for self-
monitoring by older adults. HBScience. Aug 2016;7(3):111-116. [doi: 10.1007/s16024-016-0275-6]

65. Knöll M, Dutz T, Hardy S, Göbel S. Urban exergames: how architects and serious gaming researchers collaborate on the
design of digital games that make you move. In: Ma M, Jain LC, Anderson P, editors. Virtual, Augmented Reality and
Serious Games for Healthcare. Springer; 2014:191-207. [doi: 10.1007/978-3-642-54816-1_11]

66. Lindeman RW, Lee G, Beattie L, Gamper H, Pathinarupothi R, Akhilesh A. Geoboids: a mobile AR application for
exergaming. Presented at: 2012 IEEE International Symposium on Mixed and Augmented Reality - Arts, Media, and
Humanities (ISMAR-AMH); Nov 5-8, 2012:93-94; Altanta, GA. [doi: 10.1109/ISMAR-AMH.2012.6483997]

67. Yang H, Li J, Liu J, Bian Y, Liu J. Development of an indoor exergame based on moving-target hitting task for
COVID-19 epidemic: a comparison between AR and VR mode. IEEE Trans Games. Sep 2021;14(3):511-521. [doi: 10.
1109/TG.2021.3118035]

68. LeBlanc AG, Chaput JP. Pokémon GO: a game changer for the physical inactivity crisis? Prev Med. Aug
2017;101:235-237. [doi: 10.1016/j.ypmed.2016.11.012] [Medline: 27856340]

69. Boulos MNK, Yang SP. Exergames for health and fitness: the roles of GPS and geosocial apps. Int J Health Geogr. Apr
5, 2013;12:18. [doi: 10.1186/1476-072X-12-18] [Medline: 23561306]

70. Bui V, Le NT, Vu TL, Nguyen VH, Jang YM. GPS-based indoor/outdoor detection scheme using machine learning
techniques. Appl Sci. 2020;10(2):500. [doi: 10.3390/app10020500]

71. Kunhoth J, Karkar A, Al-Maadeed S, Al-Ali A. Indoor positioning and wayfinding systems: a survey. Hum Cent Comput
Inf Sci. May 2, 2020;10:18. [doi: 10.1186/s13673-020-00222-0]

72. Gerstweiler G, Vonach E, Kaufmann H. HyMoTrack: a mobile AR navigation system for complex indoor environments.
Sensors (Basel). Dec 24, 2015;16(1):17. [doi: 10.3390/s16010017] [Medline: 26712755]

73. Ng XH, Lim WN. Design of a mobile augmented reality-based indoor navigation system. Presented at: 2020 4th
International Symposium on Multidisciplinary Studies and Innovative Technologies (ISMSIT); Oct 22-24, 2020:1-6;
Istanbul, Turkey. [doi: 10.1109/ISMSIT50672.2020.9255121]

74. Karan E, Morkoc ME, Şireci AE, Fidanboylu K. Indoor and outdoor navigation application development with augmented
reality technology. Presented at: 5th International Conference on Computational Mathematics and Engineering Sciences;
Jun 8-10, 2021:211-220; Van, Turkey. URL: https://www.researchgate.net/publication/359282706 [Accessed
2024-07-17]

75. Wagner-Greene VR, Wotring AJ, Castor T, Kruger J, Mortemore S, Dake JA. Pokémon GO: healthy or harmful? Am J
Public Health. Jan 2017;107(1):35-36. [doi: 10.2105/AJPH.2016.303548] [Medline: 27925813]

76. Ayers JW, Leas EC, Dredze M, Allem JP, Grabowski JG, Hill L. Pokémon GO-a new distraction for drivers and
pedestrians. JAMA Intern Med. Dec 1, 2016;176(12):1865-1866. [doi: 10.1001/jamainternmed.2016.6274] [Medline:
27635638]

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 13
(page number not for citation purposes)

https://doi.org/10.1109/SeGAH.2014.7067087
https://doi.org/10.1145/3472303
https://doi.org/10.1117/12.2519224
https://doi.org/0.1145/2556288.255700
https://doi.org/10.1007/978-3-030-22015-0_18
https://doi.org/10.3390/bs14010031
http://www.ncbi.nlm.nih.gov/pubmed/38247683
https://doi.org/10.1080/10376178.2015.1130360
http://www.ncbi.nlm.nih.gov/pubmed/26678947
https://doi.org/10.1016/j.chb.2019.05.026
https://doi.org/10.1007/s16024-016-0275-6
https://doi.org/10.1007/978-3-642-54816-1_11
https://doi.org/10.1109/ISMAR-AMH.2012.6483997
https://doi.org/10.1109/TG.2021.3118035
https://doi.org/10.1109/TG.2021.3118035
https://doi.org/10.1016/j.ypmed.2016.11.012
http://www.ncbi.nlm.nih.gov/pubmed/27856340
https://doi.org/10.1186/1476-072X-12-18
http://www.ncbi.nlm.nih.gov/pubmed/23561306
https://doi.org/10.3390/app10020500
https://doi.org/10.1186/s13673-020-00222-0
https://doi.org/10.3390/s16010017
http://www.ncbi.nlm.nih.gov/pubmed/26712755
https://doi.org/10.1109/ISMSIT50672.2020.9255121
https://www.researchgate.net/publication/359282706
https://doi.org/10.2105/AJPH.2016.303548
http://www.ncbi.nlm.nih.gov/pubmed/27925813
https://doi.org/10.1001/jamainternmed.2016.6274
http://www.ncbi.nlm.nih.gov/pubmed/27635638
https://games.jmir.org/2024/1/e50066


77. Klompstra L, Jaarsma T, Strömberg A, Evangelista LS, van der Wal MHL, HF-Wii Study Team. Exercise motivation
and self-efficacy vary among patients with heart failure - an explorative analysis using data from the HF-Wii study.
Patient Prefer Adherence. Oct 19, 2021;15:2353-2362. [doi: 10.2147/PPA.S314414] [Medline: 34703217]

78. Guyatt GH, Sullivan MJ, Thompson PJ, et al. The 6-minute walk: a new measure of exercise capacity in patients with
chronic heart failure. Can Med Assoc J. Apr 15, 1985;132(8):919-923. [Medline: 3978515]

79. Preist C, Massung E, Coyle D. Competing or aiming to be average?: normification as a means of engaging digital
volunteers. In: CSCW ’14: Proceedings of the 17th ACM Conference on Computer Supported Cooperative Work &
Social Computing. Association for Computing Machinery; 2014:1222-1233. [doi: 10.1145/2531602.2531615]

80. Durrant-Whyte H, Bailey T. Simultaneous localization and mapping: part I. IEEE Robot Automat Mag. Jun
2006;13(2):99-110. [doi: 10.1109/MRA.2006.1638022]

81. Bailey T, Durrant-Whyte H. Simultaneous localization and mapping (SLAM): part II. IEEE Robot Automat Mag. Sep
2006;13(3):108-117. [doi: 10.1109/MRA.2006.1678144]

82. Brox E, Fernandez-Luque L, Tøllefsen T. Healthy gaming - video game design to promote health. Appl Clin Inform. Apr
27, 2011;2(2):128-142. [doi: 10.4338/ACI-2010-10-R-0060] [Medline: 23616865]

83. Baumeister RF. Toward a general theory of motivation: problems, challenges, opportunities, and the big picture. Motiv
Emot. Feb 2016;40(1):1-10. [doi: 10.1007/s11031-015-9521-y]

84. Fogg BJ. A behavior model for persuasive design. In: Proceedings of the 4th International Conference on Persuasive
Technology. Association for Computing Machinery; 2009:1-7. [doi: 10.1145/1541948.1541999]

85. Stawarz K, Cox AL, Blandford A. Beyond self-tracking and reminders: designing smartphone apps that support habit
formation. In: CHI ’15: Proceedings of the 33rd Annual ACM Conference on Human Factors in Computing Systems.
Association for Computing Machinery; 2015:2653-2662. [doi: 10.1145/2702123.2702230]

86. Höchsmann C, Walz SP, Schäfer J, Holopainen J, Hanssen H, Schmidt-Trucksäss A. Mobile exergaming for health-
effects of a serious game application for smartphones on physical activity and exercise adherence in type 2 diabetes
mellitus-study protocol for a randomized controlled trial. Trials. Mar 6, 2017;18(1):103. [doi: 10.1186/s13063-017-1853-
3] [Medline: 28264717]

Abbreviations
AR: augmented reality

Edited by Gunther Eysenbach, Naomi Cahill, Tiffany Leung; peer-reviewed by Jaime Garcia, Katherine Blondon,
Panagiotis Bamidis; submitted 18.06.2023; final revised version received 29.04.2024; accepted 11.06.2024; published
21.08.2024

Please cite as:
Berglund A, Klompstra L, Orädd H, Fallström J, Strömberg A, Jaarsma T, Berglund E
The Rationale Behind the Design Decisions in an Augmented Reality Mobile eHealth Exergame to Increase Physical
Activity for Inactive Older People With Heart Failure
JMIR Serious Games 2024;12:e50066
URL: https://games.jmir.org/2024/1/e50066
doi: 10.2196/50066

© Aseel Berglund, Leonie Klompstra, Helena Orädd, Johan Fallström, Anna Strömberg, Tiny Jaarsma, Erik Berglund.
Originally published in JMIR Serious Games (https://games.jmir.org), 21.08.2024. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Serious
Games, is properly cited. The complete bibliographic information, a link to the original publication on https://games.jmir.org,
as well as this copyright and license information must be included.

JMIR SERIOUS GAMES Berglund et al

https://games.jmir.org/2024/1/e50066 JMIR Serious Games 2024 | vol. 12 | e50066 | p. 14
(page number not for citation purposes)

https://doi.org/10.2147/PPA.S314414
http://www.ncbi.nlm.nih.gov/pubmed/34703217
http://www.ncbi.nlm.nih.gov/pubmed/3978515
https://doi.org/10.1145/2531602.2531615
https://doi.org/10.1109/MRA.2006.1638022
https://doi.org/10.1109/MRA.2006.1678144
https://doi.org/10.4338/ACI-2010-10-R-0060
http://www.ncbi.nlm.nih.gov/pubmed/23616865
https://doi.org/10.1007/s11031-015-9521-y
https://doi.org/10.1145/1541948.1541999
https://doi.org/10.1145/2702123.2702230
https://doi.org/10.1186/s13063-017-1853-3
https://doi.org/10.1186/s13063-017-1853-3
http://www.ncbi.nlm.nih.gov/pubmed/28264717
https://games.jmir.org/2024/1/e50066
https://doi.org/10.2196/50066
https://games.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://games.jmir.org
https://games.jmir.org/2024/1/e50066

	The Rationale Behind the Design Decisions in an Augmented Reality Mobile eHealth Exergame to Increase Physical Activity for Inactive Older People With Heart Failure
	Introduction
	Background
	Mobile Exergames for Older People
	Gamification Features in Exergames
	Exergames and Augmented Reality

	Heart Farming: A Mobile Exergame
	Overview
	Gamification Features in Heart Farming
	The Exergame Development

	Discussion
	Principal Findings
	Conclusion



