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A VIRTUAL PET SERIOUS GAME IN MOTIVATING CHILDREN WITH
CANCER IN TREATMENT AND SELF-CARE: A CONCEPTUAL DESIGN
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ABSTRACT

Childhood cancer is the number one cause of death by illness in children. However, despite being such a
deadly disease, survival from childhood cancer is high with cancer treatment. Unfortunately, undergoing
cancer treatment can result in many treatments related side-effects. Daily self-care such as maintaining a
balanced diet, drinking enough fluids, practicing proper hygiene and getting enough rest, can be effective
in lowering the severity of these symptomes. It is found that existing interventions for cancer patients do not
target treatment adherence in children. Therefore, the aim of the research is to design an intervention
which is able to motivate children to adhere to treatment and encourage daily self-care. To enhance the
design of such an intervention, the article explores the potential of virtual pet games as a health
intervention, and the use of the Protection Motivation Theory and Social Learning Theory’s observational
learning in increasing the intervention’s effectiveness. Finally, the design considerations, game objectives
and overall conceptual architecture of the proposed intervention are discussed. A conceptual comparison
is also made between the proposed game and existing serious games for cancer patients. Future work is
required to develop this design into a working prototype, and to evaluate its effectiveness on improving
treatment adherence and promoting daily self-care with childhood cancer patients.
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Introduction

Childhood cancer is a deadly illness. However,
young cancer patients have a high chance of
survival with cancer treatment. Unfortunately,
cancer treatment often results in many treatment
side-effects such as pain, fatigue, sleep-related
problems, and nausea, which can cause these
young patients to not adhere to their treatment.
To reduce the severity of these side effects, it is
important for cancer patients to practice proper
daily self-care. Serious games are games with
additional objectives besides entertaining the
player [1]. Existing serious games for cancer
patients that have been reviewed for their
objectives, have shown that there is a lack of
intervention for motivating treatment adherence
in children, and for encouraging daily self-care. A
patient and his or her family are considered to

adhere to treatment when they follow treatment
instructions from the health care professional,
such as taking medication on time and going for
therapy sessions [2]. Therefore, this study aimed to
design an intervention for motivating children
with cancer to adhere to cancer treatment and
promote daily self-care.
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Background

Childhood cancer has a survival rate of 80% in
high-income countries, however it is still the most
prevalent cause of death in children via illness [3].
For many young patients, being diagnosed with
cancer and needing to go through the long
treatment process is a challenging and difficult
experience [4]. In addition, cancer treatments such
as radiotherapy and chemotherapy can cause
many treatment side-effects [5-7]. These factors
can result in treatment non-adherence and even
treatment abandonment by childhood cancer
patients and or their families [2]. However, in order
to have higher chances of survival, it is of great
importance that cancer patients comply with their
treatment.

Managing Side-Effects through Daily Self-Care

Daily self-care plays a major role in making the
cancer treatment process more bearable for
childhood cancer patients. Patients will be more
likely to adhere to treatment if the treatment-
related side effects can be managed. This section
discusses the various ways healthy habits can help
with the management of various treatment-
related side effects.

First, maintaining a balanced diet. One common
treatment side effect is malnutrition, which is
exacerbated by other treatment side effects such
as dry mouth, nausea, vomiting, constipation, and
taste changes [8]. Malnutrition, or the lack of
proper nutrition can lead to poor survival rates
[9,10]. In some cases, malnutrition has also
resulted in treatment abandonment [11]. In order
to go through the cancer treatment process event-
free, childhood cancer patients must maintain a
balanced and healthy diet to get proper nutrition.

Second, drinking enough fluids each day.
Dehydration can result from not getting enough
water. Mild dehydration causes constipation,
dizziness, nausea, fatigue and dry mouth, all of
which can worsen common cancer and treatment
symptoms such as vomiting, fever, and diarrhoea
[12]. With proper fluid management, one will be
able to keep well-hydrated, maintain a normal
volume of blood in the body, as well as good
electrolyte balance [13].

Next, maintaining of good hygiene. Practising good
bodily hygiene can help prevent infections and

getting illnesses in cancer patients due to their
weaker immune systems. It has been
recommended that cancer patients bathe at least
once a day and wash body parts that are prone to
sweatiness such as the armpits, the groin, and the
feet [14]. On the other hand, practising good oral
hygiene can help reduce many symptoms of the
common treatment side effect, mucositis. The
minimal oral hygiene of brushing one’s teeth twice
a day with fluoride toothpaste using a soft
toothbrush is recommended to lessen mucositis
related symptoms such as ulcers, cracked lips, dry
mouth, and peeling of the palate, oral mucosa and
gums [7].

Another important daily self-care act is to be well
rested. Sleep is known to help with the maintaining
of health-related quality of life in childhood cancer
patients. It has been found that getting proper rest
can improve the abilities of young cancer patients
to cope with having the illness, as well as the
stress, depression, and anxiety that may come with
it [15].

In addition to the above discussed daily self-care
actions, childhood cancer patients are also
encouraged to share their thoughts, worries, and
experiences to their family and friends. It has been
shown that adolescents who were able to
creatively express their needs were able to cope
more positively with having cancer [16]. Sharing
one’s experiences with a difficult experience is
shown to calm feelings of uncertainty, worry, and
anxiety, and also empowers young patients in
fighting the illness [17].

Finally, as going through cancer treatment is a
distressing experience, childhood cancer patients
are encouraged to take part in physical activities
and also play. Having regular playtimes can help
give these young patients an outlet for their
distress [18]. Even the act of playing video games
that does not involve physical activities was also
found to be of therapeutic value to children with
chronic illness [19].

Serious Games

As video games are shown to benefit children with
chronic illness, such as cancer, the serious game is
perceived as a potential intervention method.
Serious games are games that have been built
with additional objectives on top of entertaining
the players. These additional objectives include
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gaining knowledge, improving lifestyle behaviour,
skills and abilities, and raising awareness on
difficult topics [1, 20, 21].

Serious games have also been used as health
games for patients. The five main objectives of
these serious games are health monitoring,
rehabilitation to restore health and life skills,
treatment or therapy to manage or improve the
condition of the illness, education on the illness to
improve coping, and detection of irregular
symptoms [1].

A review on serious games for young chronic
illness patients revealed that playing these games
could improve patients’ knowledge on the disease
and also self-management [22]. Additionally,
frequent gaming among adolescents and young
adults with long-term illnesses have shown that
these players were able to benefit from their
hobby as it improves their ability to face the daily
challenges of having a disease such as cancer [23].

Serious games for cancer patients

Serious games have been developed and used as
interventions for cancer patients. This section lists
various serious games and their objectives.

Ben’s Game [24] is a shooter game for children with
cancer where players can go inside their body to
fight bosses based on common cancer symptoms.
This computer game has the objective of
educating players about common cancer
symptoms as well as empowering the player to
fight against cancer. Children who have played the
game have reported that the game has taught
them about common cancer symptoms, and those
who have cancer have also noted that the game
has given them more confidence to fight cancer
[25].

Cytarius is a strategy game for adolescents with
cancer where players can save multiple planets by
deploying fighters based on cancer treatments to
fight off the invasion of cancer cells. The computer
game’s objective is to convey information on
cancer and cancer treatment to young patients so
that they can better understand and participate in
discussions involving their health with their
parents and medical staff. The game has been well
received among young cancer patients as they
enjoyed the game and story. It also helped the

players to better understand cancer treatment
[26].

Empower Stars! is an exergame for children with
cancer which is playable on a tablet device. An
exergame is by definition, a game which involves
physical activity to play [28]. Like every exergame,
this game has the objective to promote physical
activities among young cancer patients as it
incorporates 20 minutes of physical activity into its
30 minute long game play. Through exercising
and solving puzzles, players will be able to save a
barren planet from the cercer crabs, which are the
embodiment of cancer cells that serve as enemies
to the player in this game. Additionally, the game
aims to educate players about cancer treatments.
Prototype testing of this game showed that
children enjoyed playing the game, including the
exercise it provided [27].

iManageCancer platform contains two serious
games for cancer patients. The first game is to help
adult cancer patients and is a town management
mobile game. In this game the player takes the role
of the mayor of a town and uses its resources to
solve the various problems of the townspeople.
The game’s objective is to encourage good health
habits and teach the players to make better
lifestyle choices regarding their health. The second
game is for children with cancer is a space shooter
game. In this game, the players can shoot down
cancer cells. This lets players virtually fight cancer
which helps with the game objective of
empowering patients during the cancer treatment
experience. There is currently no report of the
result of playing the two serious games from the
iManageCancer platform [29].

ILOVEBREAST, is a life management mobile game
for metastatic breast cancer patients who plan to
use cytotoxic chemotherapy. In this game, players
can take care of their avatars who are also
diagnosed with breast cancer through the daily
self-care such as exercising, eating healthily, and
taking chemotherapy medications on time. The
game’s objective is to improve drug adherence
and decrease the side-effects of going through
chemotherapy via good health habits.
Intervention results showed that the players of the
game displayed better drug adherence, decreased
side effects from treatment, and improved
knowledge on cancer and cancer treatment
compared to those that studied a conventional
breast cancer and treatment education booklet
[30].
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Re-mission [31] is a shooter computer game for
adolescents and young adults with cancer who are
taking oral chemotherapy. It features a nanobot
shooting down cancer cells and managing
symptoms inside virtual patients’ bodies. The
game aims to increase treatment adherence for
chemotherapy medication intake, promote
management of common symptoms, increase
cancer-related knowledge of players, and improve
self-efficacy of players to take care of themselves
during cancer [32,33]. Results of the intervention
showed that compared to other cancer patients,
players of the game displayed better treatment
adherence, greater knowledge on cancer
treatments and side-effect management, and
more confidence to take care of themselves during
cancer [31].

As seen above, serious games for cancer patients
have the potential to help the players in various
ways. As important as adhering to cancer
treatment is for the survival of childhood cancer,
many serious game interventions do not have
treatment adherence as their game objective. The
two interventions on this list that aimed to boost
treatment adherence in terms of taking
medication are ILOVEBREAST and Re-mission. Both
games have inspired the development of the
conceptual design discussed in this paper as they
have the same objectives. However, both games
were designed for older age groups such as
adolescents and adults rather than children, who
are the main target audience of the conceptual
game designed. Both games also targeted drug
adherence specifically and did not cover other
common cancer treatments such as radiotherapy
and surgery.

Additionally, with daily self-care being effective for
managing treatment side effects, game genres
that demonstrate daily self-care such as life
management games and virtual pet games should
be considered. As a study has found that children
enjoy animal game characters in games [34], the
virtual pet game genre is explored.

Virtual pet serious games for health

A virtual pet is an electronic toy, robot, or game
that emulates a real pet that humans can interact
with [35]. Virtual pets have been used as health
interventions for children to promote health
management and good health habits.

The first example is Wizdy Pets, a virtual pet game
that has been developed to teach children about
asthma. The game features a dragon with asthma
who needs to keep its asthma in check otherwise
it wouldn't be able to breathe fire. The game
educates about the proper way to use an inhaler,
identifying asthma triggers, and identifying the
warning signs of an impending attack. As the
players take care of and learn about the dragon’s
needs, they will become more aware of their own
needs as well, especially towards asthma
management [36].

The second example consists of two virtual pet
games that have been used to encourage healthy
habits to prevent obesity in children [37,38]. These
interventions utilized the human-animal bond
that children have with animals, even virtual ones,
to boost their motivation to adhere to healthy
habits. The healthy habits targeted by the two
virtual pet game interventions are eating more
fruits and vegetables, and carrying out more
physical activities.

Increasing player engagement

To encourage players to keep playing the serious
game intervention during the cancer treatment
period, ways to increase player engagement must
be implemented. Before the players are able to
become more invested in a game, they must first
experience the basic involvement of being
engaged [39]. Once engagement happens, players
will have the desire to continue playing the game.

A popular method of engagement is to include a
reward and incentive system within the game
[40,41]. Examples of rewards commonly found in
games are virtual items, achievements, quests, and
avatars. Avatars are often used as a strong
incentive for players due to the ability to
customize the appearance of the playable
character. The more similarities the players have
with their avatars, the more they would identify
with it, which in turn improves the game
engagement with the players [42].

Another method of engaging players is through
appointment mechanics, which are used to
motivate players to revisit the game to keep
playing. Examples of appointment mechanics
used in casual games are daily quests and
consecutive login calendar rewards [43].
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Research Theory for Intervention Design

There is a need for suitable research theories to
base the intervention design on. In this section,
the Protection Motivation Theory and the Social
Learning Theory are reviewed as potential guides
in increasing the effectiveness of such an
intervention.

Protection motivation theory

The Protection Motivation Theory (PMT) [44] is a
health belief model that is used as a way to
determine a person’s intention to take up a
protective action or behaviour against a health
threat. The person’s intention consists of seven
factors that are divided into two different
categories: the threat appraisal, and the coping
appraisal.

The threat appraisal includes the factors of
perceived severity of the threat, perceived
vulnerability towards the threat, intrinsic/extrinsic
rewards of engaging in the behaviour that
encourages the threat, for example: the feelings of
addiction (intrinsic reward) and also acceptance
by peers (extrinsic reward) for engaging in the
activity of smoking which can result in the threat
of lung cancer, and fear arousal from the threat.

On the other hand, the coping appraisal consists of
the perceived response efficacy, or how effective
the response is, perceived self-efficacy, or how
confident the person is about carrying out the
response, and the response cost, or how much it
would cost the person to take up the response
against the threat. The response cost can consist of
more than monetary cost, where even feelings of
embarrassment and discomfort from taking up the
response are considered as valid response costs.

The Protection Motivation Theory has been
incorporated into the design of serious games e.g.
A serious game to boost the emergency
preparedness of during a terror attack [45]. Thus,
the researchers see the novelty of incorporating
PMT into the design of health-based serious
games. Therefore, health education interventions
based on the PMT have been reviewed to
demonstrate the applicability and adaptability of
PMT-based interventions in motivating good
behaviours in health.

The Protection Motivation Theory has been used
as a base for interventions to boost health
behaviour in participants in protecting themselves

from a health threat. Examples are interventions to
promote physical activities [46], reduce skin cancer
risk in high school students [47], to promote
knowledge of melanoma risk and prevention
among children with familial risk for melanoma
[48]. All these interventions have successfully
improved knowledge of participants to their
health risks and to the protective measures they
can take, and also encouraged health behaviours.

In the case of the intervention of this study, the
Protection Motivation Theory can be used as a
guide to boost the belief of young cancer patients
going through cancer treatments, which will
ultimately help them to effectively deal with the
cancer threat.

Focusing on the threat appraisal may result in
further distress in young cancer patients who have
the deadly illness. Therefore, the intervention will
focus on the coping appraisal aspect of the
Protection Motivation Theory.

For the intention of young cancer patients to use
cancer treatment as a protective action against the
cancer threat, the intervention should improve
response-efficacy, which is how effective the
patients’ perceived cancer treatment is in fighting
cancer. The intervention should also improve self-
efficacy, which is the belief of the patients in
themselves to keep up with the cancer treatment.
Lastly, the intervention should lower the response
cost of taking up cancer treatment as a response,
which are the treatment side effects. This response
cost can be lowered with the practice of good daily
self-care.

This leads to the intention of young cancer
patients to use daily self-care as a protective action
against the treatment side effects threat. The
intervention should improve the response efficacy
of young patients so that they will become aware
that daily self-care is important in reducing the
severity of treatment related side effects. The
intervention should also improve the self-efficacy
or confidence of young patients to perform their
daily self-care needs. The foreseeable response
cost of using daily self-care is the time and effort
taken to perform these actions. However, as the
intervention will not be able to improve this, the
response cost factor for using daily self-care will
not be included in the intervention’s design.

With these factors taken into consideration in the
design, the Protection Motivation Theory-based
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intervention may help in achieving the study’s
objective of improving motivation of childhood
cancer patients in adhering to their treatment and
promoting daily self-care.

Social learning theory

There is a need to convey the practice of good
health habits during cancer treatment. The Social
Learning Theory [49] hypothesizes that people are
able to pick up new information, actions and
behaviours from one another through imitation,
observation, and modelling.

One aspect of the Social Learning Theory is
observational learning, also known as vicarious
learning [50]. Observational learning can be learnt
through three basic models, a live model, a verbal
instructional model, and a symbolic model
involving  real or fictional  characters
demonstrating behaviours through media such as
videos, books, and games. Learning from the
symbolic model means that even without needing
to experience the feedback directly, people are
able to learn actions and behaviours just from
watching the actions of these characters [51].

Through observational learning, it is possible to
encourage healthy habits such as daily self-care
through a symbolic model: the game character or
avatar. An example of a serious game developed
for young children that uses observational
learning is "Veggie Maths Masters" [52]. The game
has successfully encouraged liking and eating
vegetables in young children who have played the
game by showing them pictures of vegetables and
featuring characters that enjoy eating vegetables.
These vegetable-loving characters serve as
symbolic models in observational learning as they
demonstrated a behaviour that the game wishes
the children to learn, which is to eat vegetables.
This shows that Social Learning Theory's
observational learning is suitable for even young
children to pick up health behaviours from playing
a game.

Therefore, observational learning may be used in
the intervention for childhood cancer patients to
convey the positive effects of practicing daily self-
care. This will help promote daily self-care among
the players to reduce treatment related side
effects.

Design of Virtual Pet Serious Game Prototype

It has been established that playing video games
is beneficial to patients with chronic illness.
However, as shown in the review of serious games
for cancer patients, it is apparent that many such
interventions do not focus on promoting
treatment adherence and daily self-care among
childhood cancer patients.

One game genre that includes the aspect of daily
self-care is the virtual pet game where the player
will have to take care of the virtual pet's daily
needs. Virtual pet games have the potential of
being good health interventions for children, as it
has been used to educate about asthma
management, and to encourage healthy habits.

Therefore, we postulate that the game prototype
proposed as the intervention for children with
cancer should be a virtual pet serious game. The
game should be designed to improve the
motivation of childhood cancer patients to adhere
to treatment and promote the practice of daily
self-care. The design considerations are as follow.

The game should be based on the Protection
Motivation Theory to improve the coping
appraisal of young cancer patients to use cancer
treatment as a response against the cancer threat.
The game should increase the response efficacy by
bridging the medical knowledge gap of children
regarding cancer and cancer treatment. This will
help them become aware that adhering to their
cancer treatment is important for fighting cancer.
The game should also increase the self-efficacy of
childhood cancer patients by allowing them to
fight cancer through mini-games based on real
cancer treatments. This will boost their confidence
in going through these treatments in real life.
Finally, the game would also reduce the response
cost of taking up cancer treatment by encouraging
daily self-care in order to lower the severity and
occurrence of treatment related side effects.

The game intervention should also be based on
observational learning by providing the virtual pet
as a symbolic model of someone engaging in good
daily self-care while going through cancer
treatment. As the children take care of the needs
of their pet, they will learn that daily self-care is an
important part of maintaining good health while
undergoing cancer treatment.

Additionally, as the game intervention is expected
to be played over a long period of time during
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cancer treatment, it should include reward
systems as well as appointment mechanics to
engage and increase the continuation desire of
players.

Another design consideration is for the game
intervention to be a mobile game. Serious games
are recommended to be in the form of a mobile
game due to the high acceptance rates of
smartphone games [53]. Young children are also
found to be adept at the use of interactive
technology and were able to handle mobile
devices such as phones and tablets on their own at
a very young age [54,55]. Mobile games also have
the advantage of being easily accessible at any
time and place.

The last design consideration of the proposed
solution is for the game to be of casual nature. It
has been recommended that serious game
interventions for young patients with heavy
treatment plans be easy to pick up and put down
[26]. This will encourage the patient to play the
game even on busy or low energy days.
Additionally, casual games do not require long
time commitments to make progress and are often
easy to learn and play, which is important as this
intervention targets children and adolescents who
are undergoing cancer treatment.

Game Objectives, Game Modules and PMT
Factors

In order to achieve the primary intervention, aim
of improving motivation of children to adhere to
treatment, the serious game should include the
following game objectives. In this research, we
explore the possible game objectives, related
game modules and related Protection Motivation
Theory coping appraisal factors of the virtual pet
game.

The first game objective is to increase knowledge
on cancer, cancer treatment, and daily self-care. This
can be achieved through educational modules
such as a library module where players can read up
on these topics, and a quiz mini game to test the
knowledge of players regarding these topics. By
improving the players’ knowledge on cancer
treatment, it will improve the response efficacy for
using cancer treatment. Additionally, as players
about their health and emotional situation,
allowing them to reflect on their situation. With
the pet serving as a companion of going through

learn more about how daily self-care is able to help
in reducing treatment side effects and making
them healthier, it will improve the response efficacy
for daily self-care.

Next, the game should improve treatment
adherence. This can be achieved through the game
module of mini games that have been modelled
after real cancer treatments. As players play these
mini games, their attitude towards the cancer
treatments will become more positive. This will
improve the players’ response efficacy for using
cancer treatment.

Additionally, the game should also empower
players to fight cancer. Thus, this can be achieved
through the mini games that have been modelled
after real cancer treatments. As players are able to
virtually fight cancer when playing these mini
games, it will empower them in their fight against
cancer and improve their self-efficacy for going
through cancer treatment. Other game modules
that can provide empowerment are the pet
module, and the care actions module. On top of
using cancer treatment to fight cancer, taking care
of themselves during the cancer treatment
process is also one way the player can fight against
the illness. In the game, the pet can serve as a
symbolic model of fighting cancer by taking care
of one’s health during the treatment process. As
the players take care of the pet, they will gain the
confidence to take care of themselves during their
own cancer treatment. This will improve the
players’ self-efficacy for both cancer treatment and
daily self-care.

Besides that, the game should also help the
players through providing reminders for daily self-
care and cancer treatment. This can be achieved
through an alarm module which will allow players
to set reminders for things such as meal times, bed
times, medication times, and even doctor’s
appointment times. With the reminders, the
players shall gain confidence in themselves and
improve the self-efficacy for cancer treatment and
daily self-care.

Another game objective is to encourage the
sharing of thoughts during the cancer treatment
experience. The game can contain a diary module
for this where the players can write to their pets

the hardship of cancer treatment together, being
able to share their feelings to the pet shall help the
players gather strength to keep up with their
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cancer treatment and daily self-care. This improves
the self-efficacy of the player for cancer treatment
and daily self-care.

Finally, the game should encourage healthy habits.
This is achieved through the pet module, care
actions module, and pet status module. Within
virtual pet games, the pet’s care status is often
displayed for the player to see. As time passes in
the day, the value of these statuses will drop and
can be recovered when the players take care of the
pet’s needs. Through observational learning, the
players can see that if they take good care of the
pet, the pet's status will be healthy. This may
encourage players to take care of their own daily

management of treatment side effects. In
addition, this may improve the response efficacy
and self-efficacy for daily self-care of the players, as
well as reducing the response cost of treatment
related side effects from using cancer treatment to
fight cancer.

Conceptual Architecture

The game design requirements, objectives and
modules have been incorporated into the
conceptual design of the virtual pet game
intervention model in Figure 1.

self-care needs which can help in the
Mini Games ives C‘::Irr::r?tlz
Diary 9 y
makes daily
entries in

plays used to

purchase
from
sets Li'i?gders Player Care Actions
takes
Shop
Alarm cares for improves

provides
new

has

Pet Pet Status
learns about Pet
cancer from has Appearance
can choose
Library
Incentives to Play Game
engages Achievements Daily Quests Login Bonus

Figure 1. Conceptual model of the virtual pet game intervention.
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In the virtual pet game, the player needs to care for
the pet which has pet status such as hunger, thirst,
cleanliness, and rest. The player can take care
actions to care for the pet's daily needs and
improve the pet’s status values. The player can also
customize the pet’s appearance, which is one way
of improving engagement of players with a game.
The player can play mini games which consist of
mini games based on cancer treatment that allow
the player to virtually fight cancer, and a quiz
based mini game on cancer and related facts.
Playing mini games provides the player with
virtual currency that can be used to purchase even
more pet appearance options from the shop for
the pet, serving as further incentive to play.

Besides the core modules involving the pet,
additional modules in the game designed include
the diary module where the player can make daily
entries in, the alarm module where the player can
set reminders for daily self-care needs and cancer
treatment related needs, and the library module
where the player can learn more about cancer,
cancer treatment and daily self-care.

Finally, there are modules added to the game to
further engage the player through game rewards
and appointment mechanics such as the
achievements module, the daily quests module,
and the consecutive login bonus module.

A Comparison of the Proposed Game Model with
Existing Serious Games for Cancer Patients

Table 1 below compares the proposed virtual pet
serious game for children with cancer with existing
serious games for cancer patients in terms of the
game objectives of the proposed game. A
comparison is made as well on whether the games
target children, whether the game is available on
mobile, whether the game has a virtual rewards
system, and whether the game provides a
symbolic model of someone going through
cancer.

It is significant that many of the existing cancer
related serious games do not accommodate
majority of the objectives and game requirements
in our proposed game model. Only two serious
games, ILOVEBREAST and Re-mission, have the
same main objectives as the proposed game,
which are to promote treatment adherence, and
to encourage healthy habits.

Even though both ILOVEBREAST and Re-mission do
target treatment adherence, only
drug/medication adherence is focused on, while
the proposed game aims to improve treatment
adherence for the three common treatment
methods which are chemotherapy, radiotherapy
and surgery. In addition, ILOVEBREAST's target
players are adults with breast cancer and is
therefore not suitable to address childhood
cancer. Re-mission also targets older players which
are adolescents and young adults with cancer.
Additionally, Re-mission is only available for
computers, making it more difficult to access
compared to the mobile platform. Re-mission also
does not have a virtual reward system to increase
player engagement and does not provide a
symbolic model of someone going through cancer
which can aid in the conveying of healthy habits.
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Table 2. Proposed Game vs Existing Serious Games for Cancer Patients

iManage iManage

Proposed Ben's pow ILOVE Re-
Cytarius Cancer Cancer L.
Game Game er Stars! . BREAST mission
(adult) (children)
Promote General
cancer Drug Drug
treatment X X X X X
treatment adherence adherence
adherence
adherence
General
Encourage ] Self-care X X Phy.5|.cal lifestyle X Self-care  Self-care
healthy habits activity health
choices
Increase
k led
nowledge on v v v v v X v v
cancer and
related topics
Empower
players to fight v v v v v v v v
cancer
Daily self-
Provide care,
reminders for medication X X X X X Medication X
healthy habits and doctor's
appointments
Encourage
sharing of Provides a
thoughts , X X X X X X X
X diary module
during cancer
treatment
Targets
children v o v o X v X X
Available on
mobile N4 X N4 N4 N4 N4 N4 X
platform
Virtual d
irtual rewar Y Y « v Y Y Y «
system
Provide a
symbolic
model of N X X X X X v X
someone
going through
cancer
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Conclusion and Future Work

Treatment adherence towards childhood cancer
treatment is essential to survival. However,
treatment non-adherence may occur due to high
treatment side effect burdens. These side effects
can be managed with proper daily self-care. Yet,
there is a lack of intervention for cancer patients
that target treatment adherence in children.

Therefore, it is proposed that an intervention for
motivating childhood cancer patients to adhere to
treatment should be designed and developed.
This article introduces the concept of a Protection
Motivation Theory-based virtual pet serious game
for the improvement of childhood cancer patients’
motivation to adhere to their treatment and
perform daily self-care. The proposed game
utilizes observational learning by having the pet as
a symbolic model to the player to show the
importance of taking care of one’s daily self-care
needs during cancer treatment. The proposed
game’s  objectives include (1) increasing
knowledge on cancer, cancer treatment, and daily
self-care, (2) to improve treatment adherence, (3)
empowering players to fight cancer, (4) to provide
reminders for daily self-care and cancer treatment,
(5) encouraging sharing of players' thoughts
during the cancer treatment experience, and (6)
encouraging healthy habits. The game is also
proposed to be a mobile game of casual nature,
containing virtual rewards to engage the players.

Future work of this study includes the
development of the virtual pet serious game
prototype based on the design discussed in this
article. Additionally, the game intervention could
be evaluated and assessed using pre- and post-
intervention surveys developed based on the
Protection Motivation Theory with childhood
cancer patients to determine effectiveness in
improving motivation to adhere to treatment. A
longitudinal study should be done to establish the
causal-effect relationship of the intervention and
treatment adherence and self-care routine.
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