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Abstract

Objective: Childhood cancer patients need to have good treatment adherence. Unfortunately, treatment non-adherence often
occurs due to high side-effect burdens of treatment and the lack of knowledge of one’s illness and treatment. Therefore, a
serious game intervention based on the Protection Motivation Theory (PMT) was designed and developed to motivate child-
hood cancer patients to undergo treatment and to motivate them to undergo treatment, perform daily self-care and educate
them about their illness.

Methods: Childhood cancer patients (6-17 years old) and their caregivers were recruited in a multi-centre, single-arm inter-
vention in Malaysia. A total of 24 child-caregiver dyads have completed the study. This study used PMT-based surveys to
collect quantitative data regarding children’s motivation to adhere to treatment and perform daily self-care. Additionally,
a 20-question multiple-choice quiz was used to determine children’s knowledge levels. These surveys were conducted
pre-test and post-test. Children’s and caregivers’ feedback were also gathered post-test as qualitative data.

Results: The results showed that overall, the children’s intention to undergo cancer treatment had increased significantly. A
significant increase in the intention to perform daily self-care was found among younger children, while older children
showed significant improvement in their cancer knowledge levels. The post-test feedback suggested that the game was
liked by both children and caregivers and it provided various benefits to children with cancer.

Conclusions: Findings suggest that the intervention has the potential to improve childhood cancer patients’ motivation for
treatment adherence and daily self-care, in addition to educating them about cancer and treatment.
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Introduction childhood cancer patients are often required to be hospita-
lized for treatment, which can be emotionally, physically
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Cancer patients’ fears regarding treatment include symp-
toms of pain, nausea and fatigue, loss of independence, loss
of control, not knowing what to expect, and changes to
one’s appearance, such as hair loss and scars.’

The side effects and fears faced by cancer patients may
discourage patients from keeping up with their treatment
to fight cancer, which can lead to treatment non-adherence.

Treatment non-adherence can occur at any age, with
very young children and very old adults being the least
adherent.® Children with chronic illnesses can also be resist-
ant to undergoing treatment, especially if the treatment was
unpleasant, had bad side effects or was time-consuming.g’10

Additionally, a study'' on the use of pain medication
among children and adolescents reported that they tend to
lack awareness, self-discipline and knowledge of medicines
used. This lack of knowledge about their illness and treat-
ment can cause children to develop unnecessary fears
about their medication, affecting treatment compliance.'?

Children with chronic illnesses such as cancer do not
like feeling different from other ‘normal’ children and do
not like others knowing about their condition.'* Similarly,
adolescents also experienced difficulties accepting their
chronic illnesses. Their need to look ‘normal’, and be
more like their peers may cause poor treatment adherence.'*

Besides the factors above, poor treatment adherence can
also be caused by forgetfulness, the lack of support and the
lack of motivation of the patient.'> For childhood cancer
patients, treatment non-adherence or treatment abandon-
ment can significantly decrease their chances of survival
from the disease.

As treatment side effects are one of the main contributors
to treatment non-adherence, childhood cancer patients
should learn to manage them by practising proper daily self-
care. They can do this by maintaining a balanced diet,'®'’
drinking enough fluids daily,'®'® maintaining good per-
sonal hygiene,”>?' being well-rested,”? and sharing their
thoughts and worries with loved ones.”” A positive
outlook on the cancer experience can also help children
with cancer improve their psychological well-being.>*

In addition, age-appropriate information about cancer
and treatment should be taught to childhood cancer patients
to help them cope with having cancer,”*® and encourage
them to be more compliant and understanding towards
their treatment.>” Lower complication rates and better long-
term results in patients have been linked to good treatment
compliance.27 Furthermore, it was found that diabetic
patients with a good understanding of diabetes had better
medication adherence.?® Therefore, it is important to con-
sider the practice of good daily self-care, medical knowl-
edge and motivation towards childhood cancer treatment,
as these factors can affect treatment adherence.

Consequently, we have proposed a health intervention
for children with cancer that can encourage them to
adhere to their treatment, encourage daily self-care and
educate them about cancer and treatment would be

beneficial. We have conducted a literature review to deter-
mine the form of the intervention for children with cancer.
The findings of this review are as follows.

It was observed that young children are adept at using
mobile devices and often entertain themselves with
mobile games.?*~° Digital play, such as video games, was
also of therapeutic benefit to children with chronic illness
in place of real-life physical play.*’ This shows that a
mobile game intervention would suit childhood cancer
patients.

Following this, a review>> was performed on 11 existing
game-based digital health interventions for cancer patients.
The review suggested limitations to existing interventions,
as games for children often have simple aims, seldom
involve treatment adherence and lack focus on the import-
ance of daily self-care in general. Existing interventions
for children with cancer, such as Empower Stars!,33 Ben’s
Game®* and Pain Buddy® only focus on a limited
number of game aims. The same review>* also proposed
that future interventions for childhood cancer patients
should include multiple game aims supported by well-
designed game mechanics to provide better overall care
for childhood cancer patients.

Next, as children prefer animal game characters,”® we
look into virtual pets, which are electronic toys or games
that simulate real pets that can be interacted with.>’ The
virtual pet genre can motivate children to learn.”® Besides
that, these games have been used as health interventions,
such as teaching children about asthma management®® and
encouraging healthy habits such as exercising and eating
nutritious food.*>*' This aligns with the Social Learning
Theory,** which states that people can learn new behaviours
through observation, including from game characters.*?

Besides that, the Protection Motivation Theory (PMT)*
was explored. This theory is used to understand why and
how various individuals respond to potential health
threats by picking up good health behaviours. According
to the PMT,** a person’s intention to utilize a health behav-
iour is influenced by seven factors which are separated into
two categories. The first category, threat appraisal, is made
up of perceived threat severity, perceived threat vulnerabil-
ity, intrinsic and extrinsic rewards and fear arousal. The
coping appraisal, which is the second category, includes
perceived response-efficacy, perceived self-efficacy and
response cost. For childhood cancer patients, threats they
face include cancer itself, and treatment-related side
effects. These children can adopt protective behaviours to
cope with these health threats by adhering to cancer treat-
ment to fight cancer and practising good daily self-care to
manage treatment side effects.

To address these problems and incorporate the findings
of the review, we have developed a virtual pet serious
game called Pets vs Onco. In this paper, we aim to under-
stand if the serious game can improve the intentions of chil-
dren and adolescents with cancer (ages 6—17) in adhering to
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their treatment plans and performing daily self-care, as well
as educate them about their illness and treatment.
This led to the following hypotheses:

HI: After playing a PMT-based virtual pet serious game,
childhood cancer patients will have more intention to
adhere to their treatment plans to fight cancer.

H2: After playing a PMT-based virtual pet serious game,
childhood cancer patients will have more intention to
perform daily self-care to manage treatment side effects.

H3: After playing a PMT-based virtual pet serious game,
childhood cancer patients will become more knowledgeable
about childhood cancer and cancer treatment.

We additionally aim to determine how much childhood
cancer patients enjoy the serious game intervention. We
intend to identify where the serious game does well and
where it requires improvement for future work through the
feedback from children and caregivers post-intervention.

Development of Pets vs Onco: a virtual pet serious
game

According to our literature review findings, the prototype
intervention for this study, Pets vs Onco, was conceptua-
lized* and developed for Android mobile devices. In this
game, players take care of a virtual pet’s daily self-care
and cancer treatment needs.

The development of this game was based on the two the-
ories reviewed. The first theory was the Social Learning
Theory,** which depicts that it is possible for a virtual pet
game character to convey healthy habits to children. The
virtual pet genre was chosen for this study’s intervention
as the pet can be used as a role model for undergoing
cancer treatment and daily self-care. The second theory
employed to guide the intervention’s design and develop-
ment was the PMT.** As the player learns about their
illness and treatment, takes care of the pet and sees the
good effects daily self-care and treatment can have on the
pet; they can become more confident and motivated to
take care of their own needs as well.

The previously mentioned review®” identified that the
game mechanics that can help motivate children to fight
cancer through treatment are fighting virtual enemies and role-
modelling good health behaviours. Continuous gameplay can
be encouraged with game mechanics such as virtual rewards,
custom avatars and randomly generated stages.

Pets vs Onco consists of multiple game modules,
designed to support the intervention’s aims. The game is
also designed to boost the children’s PMT coping appraisal
by improving their response efficacy and self-efficacy for
cancer treatment and daily self-care, and reducing the
response costs of treatment side effects.

46,47

The following are the main game modules of Pets vs
Onco:

Pet Care Module: This module highlights the importance
of taking daily care of one’s health. The virtual pet acts
as a role model to depict the benefits of daily self-care
and the negative effects of neglect.

Mini-Games Module: This module contains mini-games
modelled after common cancer treatments. The players
can virtually fight cancer to treat their pets, which can
empower them to fight their own disease.

Educational Module: This module provides information
on cancer, cancer treatment and daily self-care through a
quiz mini-game and a library.

Alarm Module: This module allows players to set remin-
ders for daily self-care activities such as meal times and
treatment-related activities such as taking medicine and
hospital appointments.

Diary Module: Players can reflect on their situation and
share their thoughts with the pet. Self-reflection and
sharing one’s thoughts via writing can help childhood
cancer patients positively cope with having cancer.”>"*®
Incentive Module: These are features added to the game to
encourage continuous gameplay. These include virtual cur-
rencies, virtual rewards, custom avatars and achievements.
Help Module: This module consists of a tutorial that guides
new players on how to play the game and help menus to
inform them about the current screen (Figure 1).

The Pets vs Onco prototype was tested and improved
with voluntary adult playtesters until a final prototype
was produced to be used as the intervention.

Methods

We followed a mixed-methods research approach in this
study. Qualitative and quantitative data were collected to
triangulate the research findings.

The evaluation of the game was conducted in three
phases: pre-intervention preparation, the conduct of the
intervention and post-intervention data analysis. Figure 2
depicts the overview of the methodology used.

Pre-intervention preparation

Before the intervention was carried out, we obtained the
agreement from two cancer societies in Malaysia to collab-
orate, the Sarawak Children’s Cancer Society (SCCS) and
the National Cancer Society Malaysia (NCSM). Next,
ethical approval for the study was obtained. Following
that, the prototyping of the mobile game intervention (i.e.
Pets vs Onco) was carried out.

After the preparation phase, eligible participants were
recruited for the study to evaluate the intervention.
Procedures that have been established were then used to
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Figure 1. Screenshots of Pets vs Onco mobile game. (a) Home screen, players can access care actions and other menus. (b) Mini-games
selection screen. (c) Quiz mini-game, part of educational module. (d) Alarm screen. (e) Diary screen. (f) Pet customization screen, for a

custom avatar incentive.

carry out the pre-test and post-test surveys with the children
and caregivers.

Participant selection: inclusion and exclusion criteria

Unless stated otherwise, the term ‘participant’ in this article
refers to the children who participated in this study and does
not include their caregivers.

To be eligible to take part in this study, participants
needed to meet all of the following requirements:

e Have a formal diagnosis of cancer

e Be between the ages of 6 and 17

e Able to communicate basically in at least English/
Bahasa Melayu/Chinese

e Have an Android device to install the game on
e Able to play the game for 1-month

This study excluded patients who were receiving palliative
care. Participants were considered to have dropped out if
they or their caregivers decided to discontinue the interven-
tion for any reason before completing the post-test surveys,
if the individual had passed away, or if they were no longer
able to participate in the study due to changes in their
circumstances.

Pre-test and post-test surveys

A single-arm pre-test—post-test design was used to evaluate
the intervention. The surveys were conducted before the
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Figure 2. Overview of the evaluation methodology.

intervention and once again after the 1-month intervention
to identify any improvements.

Two PMT-based surveys were developed for the study
based on other studies which have utilized and created
their own PMT-based surveys.**® The first PMT-based
Survey (PMT Survey 1) is based on the PMT factors
and the intention of participants to adhere to their cancer
treatment to fight cancer. The second PMT-based Survey
(PMT Survey 2) is based on the PMT factors and the inten-
tion of participants to use daily self-care to manage treat-
ment side effects. Each of these PMT-based surveys were
to be filled out by the children and their caregivers, as
obtaining responses from both children and caregivers
can allow for a clearer understanding of the child’s
views.”’

These PMT-based surveys utilize a Likert scale of 1-5,
with 1 being ‘strongly disagree’ and 5 being ‘strongly
agree’. This means that the higher the value, the stronger
the belief for that PMT factor-based statement (Table 1).

The third survey is the Cancer Knowledge Survey. This
is a 20-question multiple-choice quiz, developed to test
children’s knowledge levels of cancer and cancer treatment
facts. This survey was produced by adapting the informa-
tion from sources that educate children about cancer’®>’
(Table 2).

Procedures for the conduct of intervention

All contact methods and forms for this study were con-
ducted virtually due to the social distancing restrictions of
the COVID-19 pandemic. The procedures used to conduct
the intervention for each child/caregiver dyad are as
follows:

Recruitment. Participants of this study were recruited from
the children’s boarding homes of two cancer societies
within Malaysia. The first cancer society is the Sarawak
Children’s Cancer Society (SCCS)®° (Recruitment period:
September 2020 to February 2022), located in the state of
Sarawak, Malaysia, while the second is the National
Cancer Society Malaysia®" (NCSM) (Recruitment period:
December 2021 to February 2022), which has various loca-
tions throughout West Malaysia. Both cancer societies
provide for childhood cancer patients and their families
with essential support services such as accommodation,
financial and medical aid, counselling and social support.
The staff of SCCS, NCSM Kuala Lumpur branch and
NCSM Melaka branch helped to facilitate the recruitment
process by identifying children and adolescents that met
the selection criteria and advertising the recruitment
posters.
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Table 1. Example of Protection Motivation Theory Survey Likert scale statement items.

PMT Survey  Threat appraisal (threat severity)
1
Coping appraisal (response
efficacy)
Intention
PMT Survey  Threat appraisal (threat
2 vulnerability)

Coping appraisal (self-efficacy)

Intention
side effects.

Cancer is a serious disease

If | go for cancer treatment, the cancer will be cured.

| want to go through cancer treatment to fight cancer.

Because | go through cancer treatment, | will get treatment side effects.

| believe that | can take care of my health during cancer treatment.

| want to take care of my health during cancer treatment to reduce cancer treatment

Table 2. Example of Cancer Knowledge Survey multiple choice question items.

What is the name of the special doctor who takes care of and treats people with cancer?

After the cancer treatment is complete and the doctors check that there are no more signs of

cancer, the kid will be in .

What is the lump in the body that shouldn’t be there called?

During the recruitment process, parental consent was
obtained from the caregiver of each eligible participant who
was interested in participating. Basic demographic informa-
tion on the participant, such as gender and age, was collected.
Pre-Test Survey. Links to the pre-test surveys was sent to
the caregiver. The child/caregiver dyad was asked to fill in
the PMT Survey 1 and PMT Survey 2. Next, the participant
was asked to fill Cancer Knowledge Survey.

Game Installation. The caregiver was then given the link
to the Android Package Kit and guided on the installation
to the child’s mobile device. After that, the child had a
month to play the game at their leisure. Installation and fre-
quency of play of the game were verified from the game
usage data sent by the game to a server.

Post-Test Survey. Links to the post-test surveys were
sent to the caregiver. The child/caregiver dyad was
asked to fill in the PMT Survey 1 and PMT Survey

A) Oncologist
B) Dentist

C) Optician
D) Magician

A) Oncologist

A) Vacation

B) Mission

C) Remission
D) Commission

C) Remission

A) Bump D) Tumour
B) Lump
C) Swelling

D) Tumour

2. Next, the participant was asked to fill out a Cancer
Knowledge Survey.

Feedback and Follow-Up. At the end of the intervention,
the child/caregiver dyad was was for their feedback on
the game. Voluntary caregivers who wanted to share
details about their feedback were asked to follow-up ques-
tions. The feedback and responses were gathered to identify
the thoughts of children and caregivers regarding Pets vs
Onco, such as the benefits the children gain from playing
the game and their likes and dislikes.

Data Analysis. Data collected were analysed once all par-
ticipants had completed their interventions.

Post-intervention analysis

After the data had been collected, two types of data analysis
were conducted. Quantitative analysis was used to analyse
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the pre-test and post-test surveys consisting of the
PMT-based Surveys and the Cancer Knowledge Surveys.
Qualitative analysis was conducted to identify themes
from the feedback and follow-up responses.

As the data collected from both the PMT-based surveys
and the Cancer Knowledge Survey were ordinal, non-
parametric tests were used for the quantitative analysis.

For the analysis of the two PMT Surveys, three tests were
conducted. The first test was the Spearman’s rank order cor-
relation coefficient, which was used to conduct a correlation
analysis to determine the correlation of each PMT factor to
the intention. Prior to the correlation analysis, the summary
median values of all questions under each PMT factor
were calculated. The next test was the Kruskal-Wallis
H-test, which was used to determine if there were any differ-
ences between the children’s responses and their caregivers.
The final test was the Wilcoxon signed-rank test, which was
used for hypothesis testing. The tests compared the pre-test
and post-test scores to determine if there were any significant
changes to the participants’ intention to use cancer treatment
to fight cancer and their intention to use daily self-care to
manage treatment side effects. This test was performed on

all participants’ responses, and by dividing the children
into two age groups, younger children (ages 6-12) and
older children (ages 13—17).

The next part of the data analysis involved the quantita-
tive analysis of the Cancer Knowledge Survey. Firstly,
descriptive statistics were used to compare the pre-test
and post-test minimum, maximum and median scores for
the results. Next, the Wilcoxon signed-rank test, which
was used for hypothesis testing, was carried out. The test
compares the pre-test and post-test scores to determine if
there are any significant changes. This test was also per-
formed for all participants and then for younger children
and older children.

Finally, data analysis was conducted for the feedback
and follow-up responses. First, descriptive statistics were
used to analyse the close-ended questions. Next, the mean
and standard deviation (SD) were calculated to determine
the overall game ratings. Finally, thematic analysis®* was
used to review, code and identify themes from the responses
obtained. We analysed the qualitative data collected in this
study according to the categories from our earlier study®’
where we identified the seven main themes. Therefore,

Recruitment from
Sarawak Children’s Cancer Society
Eligible Participants Approached
(n=13)

Excluded (n=1)
Declined to participate (n=1)

Pre-test Surveys (n=12)
I

Intervention (n=12)

Dropout (n=2)
Declined to continue (n=1)
Passed away (n=1)

Post-test Surveys after 1 Month
(n=10)

End of Intervention Feedback
(n=10)

Declined (n=2)
Declined for follow up (n=1)
Entered palliative care (n=1)

Follow-up Questions with
Caregivers (n=8)

Recruitment from
National Cancer Society Malaysia

Applications Received (n=19)

Excluded (n=2)
Did not meet criteria (n=2)

Eligible Participants Approached
(n=17)

Excluded (n=3)
Declined, loss of interest (n=3)

Pre-test Surveys (n=14)
I

Intervention (n=14)

Post-test Surveys after 1 Month
(n=14)
End of Intervention Feedback
(n=14)

Declined (n=6)
Declined for follow up (n=6)

Follow-up Questions with
Caregivers (n=8)

Figure 3. Recruitment flow of participants.
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Table 3. Correlation analysis results for PMT Survey 1 (cancer treatment).

Threat severity 0.275
Threat vulnerability 0.189
Intrinsic rewards —0.205
Extrinsic rewards —0.153
Fear arousal —0.081
Response efficacy 0.285
Self-efficacy 0.062
Response costs 0.010

this analysis was primarily deductive, and the sub-themes
under each category were adjusted according to new find-
ings from this dataset.

Results

The results of this study are presented based on data col-
lected from three components: (1) the PMT Surveys, (2)
the Cancer Knowledge Survey and (3) the feedback and
follow-up responses.

A total of 24 child/caregiver dyads have completed this
study. From this total, 10 child-caregiver dyads were recruited
from SCCS, while 14 were from NCSM. Figure 3 depicts the
recruitment flow from both cancer societies.

In total, there were 15 male and 9 female participants,
with the ratio being 3:2 male to female participants. The
participants’ ages at the time of recruitment averaged
11.75 +3.22, where the youngest was 6 years old, and the
eldest was 17 years old.

PMT Surveys

The results from the PMT Surveys consist of the correlation
analysis of the PMT factors, whether there is a difference
between children and caregivers’ survey scores, and
hypothesis testing.

Correlation analysis of PMT factors. Spearman’s correlation
coefficients were calculated to determine the relationships
between the PMT factors and the intention for both PMT
Surveys.

For PMT Survey 1 on using cancer treatment to fight
cancer, PMT factors with significant levels (p <0.05) of
correlation with the intention were threat severity, intrinsic
rewards and response efficacy (Table 3).

0.007 Positive, low, significant
0.065 Positive, low, non-significant
0.045 Negative, low, significant
0.136 Negative, low, non-significant
0.432 Negative, low, non-significant
0.005 Positive, low, significant
0.550 Positive, low, non-significant
0.926 Positive, low, non-significant

Table &. Correlation analysis results for PMT Survey 2 (daily
self-care).

Threat severity 0.070 0.497 Positive, low,
non-significant
Threat 0.249 0.015 Positive, low,
vulnerability significant
Fear arousal 0.196 0.056 Positive, low,
non-significant
Response 0.359 <0.001 Positive,
efficacy moderate,
significant
Self-efficacy 0.413 <0.001 Positive,
moderate,
significant
Response costs —0.171 0.096 Negative, low,

non-significant

For PMT Survey 2 on using daily self-care to manage
treatment side effects, PMT factors with significant levels
(p<0.05) of correlation with the intention were threat vul-
nerability, response efficacy and self-efficacy (Table 4).

Hypothesis testing. As no significant differences were found
between the responses for the intention values between the
children and caregivers for both the pre-test and post-test
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results of PMT Survey 1 and PMT Survey 2; the Wilcoxon
signed-rank test was performed to compare the pre-test and
post-test results of both PMT Surveys using the responses
from each child/caregiver dyad (Table 5).

For the PMT Survey 1 to determine the participants’
intention to adhere to their cancer treatment to fight
cancer, there was an increase in the scores for the pre-test
results (Median =4.0), and the post-test results (Median =
5.0); p=0.0003, p <0.05.

Next, for the PMT Survey 2 to determine the partici-
pants’ intention to use daily self-care to manage treatment
side effects, there was an increase in the scores for the
pre-test results (Median=4.0) and the post-test results
(Median =4.5); p=0.006, p<0.05. As a result, the

Table 5. Wilcoxon signed-rank test results for pre-intervention and
post-intervention intention.

PMT Survey 1 (Pre) 4.0 4.0 4.5 0.0003*
PMT Survey 1 (Post) 4.5 5.0 5.0

PMT Survey 2 (Pre) 3.5 4.0 4.0 0.006*
PMT Survey 2 (Post) 4.0 4.5 5.0

*if p-value <0.05, it would indicate a significant difference in responses for
the pre-intervention and post-intervention.

Table 6. Wilcoxon signed-rank test results for pre-intervention and

evidence proved that after playing the serious game, parti-
cipants became more motivated to adhere to their cancer
treatment and perform daily self-care.

The tests were repeated with the participants divided into
two age groups, younger children (age 6—12) and older chil-
dren (age 13—-17) (Table 6). In PMT Survey 1, both the
younger (p=0.016) and older (p =0.006) children groups
had a significant increase in the intention scores to use
cancer treatment to fight cancer. This indicated that the evi-
dence is strong enough (p <0.05) to suggest that for both
younger and older age groups, the game had an effect on
the participants’ motivation to keep up with their cancer
treatment.

In PMT Survey 2, the younger children group showed a
significant increase in intention scores for using daily self-
care to manage treatment side effects (p =0.007). For the
older children group, there was a non-significant increase
in the scores (p =0.201).

This indicated that the evidence is strong enough (p <
0.05) to suggest that for the younger children, the game
had an effect on the participants’ motivation to perform
daily self-care to manage their cancer treatment side
effects. However, although there was an overall increase
in the results for the older children, the evidence was not
strong enough (p>0.05) to suggest that the game had an
effect on improving their motivation to perform daily
self-care.

Cancer Knowledge Survey

The results from the Cancer Knowledge Survey consist of
descriptive statistics and hypothesis testing.

post-intervention intention for younger and older age groups.

Younger (age 6-12) PMT Survey 1 (Pre) 3.25
PMT Survey 1 (Post) 4.125
PMT Survey 2 (Pre) 4.0
PMT Survey 2 (Post) 4.625

Older (age 13-17) PMT Survey 1 (Pre) 3.125
PMT Survey 1 (Post) 4.0
PMT Survey 2 (Pre) 4.0
PMT Survey 2 (Post) 4.0

4.0 4.5 0.016*
4.5 5.0

4.25 4.5 0.006*
5.0 5.0

3.75 4.0 0.007*
4.25 5.0

4.0 4.5 0.201
4.75 5.0

*if p-value <0.05, it would indicate a significant difference in responses for the pre-intervention and post-intervention.
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Descriptive statistics. The Cancer Knowledge Survey was
treated as a test to indicate the level of participants’ knowl-
edge. The results for the pre-intervention surveys and the
post-intervention survey scores for all participants (n=
24), the younger children (age 6-12) age group (n=12)
and the older children (age 13—17) age group (n=12) are
summarised in Table 7.

During the pre-intervention Cancer Knowledge Survey,
the minimum score was 7/20 (35%), while the maximum
score was 18/20 (90%). Additionally, the median score
was 14/20 (70%).

For the post-intervention Cancer Knowledge Survey, the
minimum score was 8/20 (40%), while the maximum score
was 20/20 (100%). The median score was 15.5/20 (77.5%).

Table 7. Summary of Cancer Knowledge Survey pre-test and
post-test results for all, younger, and older age groups.

All (age 6-17)  Pre-intervention 7.0 14.0 18.0
n=24
Post-intervention 8.0 15.5 20.0
Younger (age  Pre-intervention 8.0 145 18.0
6-12) n=12
Post-intervention 8.0 15.5 18.0
Older (age 13- Pre-intervention 7.0 125 18.0
17) n=12
Post-intervention 8.0 15.5 20.0

The results indicated an improvement in overall scores
for participants during the post-test for the majority of the
participants.

Hypothesis testing. Before conducting the hypothesis
testing, the data was first observed for outliers. It was
decided that the Wilcoxon signed-rank test would be con-
ducted on the dataset, excluding the data from Participant
4 (pre-test taken in Bahasa Melayu, post-test taken in
English) and Participant 18 (completed post-test in 1 min,
with the average time being 5 min). The Wilcoxon
signed-rank tests were carried out with all participants (n
=22) and also for the younger children (age 6—12) age
group (n=11) and the older children (age 13-17) age
group (n=11) (Table 8).

There was no significant increase in the scores for the
pre-intervention results for all participants (Median=
14.0) and the post-intervention results (Median = 16.0); p
=0.081.

There was also no significant increase in the scores for
the younger children with the pre-intervention results
(Median = 15.0) and the post-intervention results (Median
=16.0); p=0.751.

However, for the older children, there was a significant
increase in the scores for the pre-intervention results
(Median = 12.0) and the post-intervention results (Median
=16.0); p=0.024.

Based on the scores, these results indicated that after
playing the serious game, there was an overall improve-
ment in participants’ knowledge of childhood cancer and
cancer treatment. Although this increase in score was
more evident for the older children age group, indicating
that they were more likely to benefit from this game in
terms of education.

Table 8. Wilcoxon signed-rank test results for pre-intervention and post-intervention Cancer Knowledge Survey scores for all, younger, and
older age groups.

All (age 6-17) n=22 Pre-intervention
Post-intervention
Younger (age 6-12) n=11 Pre-intervention
Post-intervention
Older (age 13-17) n=11 Pre-intervention

Post-intervention

12.0 14.0 16.0 0.081
13.25 16.0 17.0

13.5 15.0 16.5 0.725
14.0 16.0 17.0

10.0 12.0 15.5 0.024*
10.5 16.0 17.5

*if p-value <0.05, it would indicate a significant difference in responses for the pre-intervention and post-intervention.
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Feedback and follow-up responses

All 24 pairs of child/caregiver dyads provided their feed-
back on the game intervention. For the voluntary feedback
follow-up sessions, only 16 (66.67%) caregivers agreed to
answer the follow-up questions.

According to all 24 caregivers (100%) who responded to
the feedback survey, Pets vs Onco was useful and helpful
for children with cancer and beneficial to their children.

Additionally, all of the caregivers who agreed to the
feedback follow-up (n=16) said they detected positive
changes in their children after they had played the game.
All caregivers (n=16) agreed that the game motivated
their children to keep up with therapy and practise daily
self-care. All caregivers (n=16) also agreed that the
game had improved their children’s knowledge of cancer
and treatment. Lastly, the majority (n=15) of caregivers
agreed that the game had encouraged them and their chil-
dren to talk about cancer. One caregiver who disagreed
with this statement deemed her child (aged 6) too young
to engage in conversations about cancer.

Caregivers’ qualitative feedback from the follow-up
responses are in line with the feedback survey.

Benefits of Pets vs Onco. According to most caregivers, the
game had taught their children to better understand their
illness and treatment. Caregivers commented that they
liked the game as it is educational; this may indicate that
children enjoy the game as it is a fun way to learn more
about cancer and treatment, especially through the quiz
mini-game. The game was also found to be educational
for caregivers who played it with their children.

My son is diligent in reading information related to cancer
in the game, so he follows the advice from the information
there, and uses it in daily life. P9’s (Age 14, Male / 14M)
Caregiver

Besides educating about cancer treatment, the game was
also said to be motivational. Caregivers have reported that
their children were more enthusiastic about following their
cancer treatment after playing the game. As the children
become more motivated about their cancer treatment, some
have even become more interested in their treatment progress.

When he’s done all the chemo... he asked the doctor about
progress, about how he is doing now. The doctor said it’s
ok, all is well. P16’s (13M) Caregiver

From the caregivers’ responses, the game helped open
up conversations about cancer as the children became
more willing to share their experiences with others.

He does share about treatment and what he felt during the
treatment... Previously, he didn’t tell me anything. P17’s
(10M) Caregiver

Caregivers also mentioned that the pet serves as a good
role model for daily self-care, especially for younger chil-
dren. Additional benefits highlighted include the alarm
module being used as reminders for treatment and daily
self-care and that the game teaches problem-solving skills.

If the child takes the pet as a role model together with the
different scenes, it will increase his confidence and help
him understand (the importance of daily self-care). P24°s
(6M) Caregiver

Children were found to be more motivated to perform
daily self-care and more punctual and self-disciplined for
activities such as taking medication and other daily self-
care. Several caregivers have shared that their children,
who usually needed to be told when to perform daily self-
care activities, became more independent about it after
playing the game.

He is more receptive to the idea of “taking care of one’s
health” and is less resistant when I remind him to take medi-
cine and drink water... P24’s (6M) Caregiver

Additionally, children have shared that they liked the
game as it reminded them about the importance of taking
care of their health.

...she can remember when she needs to eat, drink milk and
take medicine. P2’s (11F) Caregiver

As the pet serves as a role model for the effects of select-
ing healthy food and drinks. The game’s educational value
was evident in the better food and beverage choices that the
children make.

He used to want to bring sweet drinks to school. But now he
prefers to bring plain water... He prefers to eat healthy food
now. (He understands that) if he eats unhealthy food, his
cancer may recur. P14’s (12M) Caregiver

We found that children with cancer were curious to learn
more about their sickness, and some children miss their pet,
which the virtual pet reminded them of. Furthermore, one
participant was so engrossed in playing the game that she
had difficulty putting it down, another participant began
to want to dress better after playing the game, one caregiver
stated that the game was full of love, and another caregiver
stated that their child was already proactive about daily self-
care even before being diagnosed with cancer. The game
was found to be fun and able to cheer up children with
cancer. The game was also found to help in improving
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children’s outlook, attitude or behaviour. Children had
become more proactive, positive and understanding about
the importance of taking care of one’s health.

(The game) taught my child the meaning of a better life
despite having cancer and to work harder to heal and
become stronger. P5’s (16M) Caregiver

Children also used the game as entertainment to pass the
time, for example, during treatment. Additionally, the game
provided stress relief for the children and also taught them
about basic pet care.

This game can relieve the feeling of stress for me. P10
(10M)

Game rating. To determine how much the children enjoyed
Pets vs Onco, they were asked to assign the game a rating
from 1 to 5 stars, where 1-star indicates ‘strongly dislike’,
2-stars indicate ‘dislike’, 3-stars indicate ‘feeling neutral’,
4-stars indicate ‘like’ and 5-stars indicate ‘strongly like’.

The majority of participants enjoyed the game (Mean =
4.125, SD =0.958). When divided by age, younger children
(age 6-12, n=12), M =4.357, SD =0.644) had rated the
game a little higher than the older children (age 13-17, n
=12), M=3.875, SD=1.170). Male participants (n=
15) rated the game 4.100(x1.039), while female partici-
pants (n=9) rated it 4.167(+0.866). This indicates that in
this sample, gender has little impact on the game’s rating
in this sample.

Likes and dislikes. When children and caregivers were
asked what they liked about Pets vs Onco, we received
the following reasons. Many caregivers listed that they
liked the game as it was beneficial to their children.

This game is very beneficial for children with cancer
because they can learn a lot from this game, they can take
care of their health, take care of nutrition and learn more
about cancer. P9’s (14M) Caregiver

For some children, they liked the game’s graphics and
the pet character. Additionally, whether in the form of a
virtual playmate or a pet to take care of, it can be seen
that children and caregivers liked the virtual pet game as
it was able to provide a sense of company to children
with cancer who were undergoing treatment at the hospital.

This game can make my son happy. (He is) able to give
attention to pets even if they are just digital animals.
P14’s (12M) Caregiver

Other likes include using the game to fight cancer virtu-
ally by fighting the enemy cancer cells within the game.

I love this game to treat cancer and to fight cancer. P3
(13M)

Additionally, other children commented that they liked
the game as it was easy to play, that it reminded them of
a popular mobile game, and that the diary module gave
them a place to express themselves.

On the other hand, feedback was also gathered on what
was disliked about the game. Although the game can be fun
at first, some caregivers and children found that the game
would lose appeal later. This was especially true in the
case of older children. Similarly, some children, especially
older children found the game to be not interesting or chal-
lenging enough due to lack of content.

Since he’s in his teens, this game was not challenging for
him... The children over 12 years old may be less interested
in playing this game because there are other games that are
more challenging. P11’s (12M) Caregiver

Feedback showed that the content of the game can be
difficult to understand for younger children. Caregivers
had to guide those who were not fluent in reading while
they play.

Additionally, one participant found the waiting time to
restore the pet’s energy by sleeping to keep playing to be
too long. However, no other children have commented on
the long waiting time for restoring energy. This resting
period was also added to encourage moderation in
playing the game, which the child could use to rest them-
selves between playtimes.

Lastly, there was one complaint about lag while playing
the game; this may be due to the participant’s phone being
too low on memory to play the game smoothly.

Caregivers have agreed that Pets vs Onco still has room
for improvement. To address the game’s losing appeal over
time, more content should be added. Children who played
consistently each day would be close to completing all
the game content by one month.

Just need to improve (the selections) for accessories, eating,
drinking... Add more activities that can be done with the
pet... P10’s (10M) Caregiver

On the other hand, the inclusion of more mini-games
was also a popular suggestion by both children and care-
givers. It was suggested that mind-challenging mini-games
would attract the interest of older children.

Other suggestions include reducing the use of difficult
words to aid younger children’s understanding and includ-
ing sounds for the pet.

Appendix 1 lists the main themes, sub-themes, frequen-
cies in which they were mentioned and example quotes.
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Discussion

The study’s main aim was to evaluate a PMT-based digital
health intervention, Pets vs Onco, designed for children
with cancer, which can encourage them to adhere to their
treatment, encourage daily self-care and educate them
about cancer and treatment.

The survey data collected from this study was evaluated
via quantitative analysis, while the caregiver and children’s
feedback was analysed thematically.

The maximum score for intentions is five, as the surveys
utilize a Likert scale of 1 to 5. Results from the quantitative
analysis of PMT Survey 1 indicated a significant rise in the
intention scores of participants to use cancer treatment to
fight cancer during the post-test (pre-test Median =4.00,
post-test Median=5.0, p-value=0.0003, p<0.05). This
supports the first hypothesis of this study (H1) that after
playing the PMT-based virtual pet serious game, childhood
cancer patients will have more intention to adhere to their
treatment plans to fight cancer.

This result aligns with the results of Re-Mission®® where
the game had improved treatment adherence in adolescent and
young adult cancer patients. Re-Mission and Pets vs Onco
allowed the players to virtually fight cancer, empowering
them to fight the disease. This improvement in treatment adher-
ence can be explained by the PMT,** which indicates when a
person’s belief in the efficacy of a health behaviour increases,
they will become more likely to use it against a health threat.

Similarly, based on PMT Survey 2, the participants’
intention to use daily self-care to manage treatment side
effects had also improved (pre-test Median = 4.0, post-test
Median =4.5), p-value =0.006, p <0.05). The result sup-
ports the second hypothesis of this study (H2) that after
playing a PMT-based virtual pet serious game, childhood
cancer patients will have a greater intention to perform
daily self-care to manage treatment side effects.

This result matches that of Wizdy Pets>® where children
with asthma became more aware of their own needs and
how to take care of them. Both Wizdy Pets and Pets vs
Onco showed the importance of certain health behaviours
to their players through taking care of a virtual pet, and
demonstrating the effects good health care would have on
the pet. This corresponds to the Social Learning Theory*?
which hypothesizes that people can learn good health beha-
viours through role models in a game. Additionally, taking
care of virtual pets can boost the players’ confidence in
taking care of themselves.

The improvement in the motivation of children to
perform daily self-care can be explained by the PMT* as
well. As a person’s belief in the effectiveness or response
efficacy of a health behaviour increases, so will their inten-
tion to use it to improve their health. Also, as a person’s
belief in their self-efficacy or confidence in their ability to
carry out a health behaviour increases, their intention to
do so will also increase.

Additional tests were conducted to test the hypotheses
for participants based on their age group. It was found
that the game improved the motivation of younger children
(age 6-12) to undergo cancer treatment and perform daily
self-care. However, for older children (age 13-17), a sig-
nificant increase in motivation was found only for using
cancer treatment to fight cancer, but not for performing
daily self-care. This may be because younger children are
more likely to see the pet as a role model for daily self-care,
as depicted in the caregiver feedback.

The participants’ knowledge levels of basic cancer and
treatment-related facts were also evaluated pre-test and
post-test. As two participants did not properly fill the
20-question multiple-choice quiz, their data were excluded
from the analysis. Results showed that there was a non-
significant improvement in scores for the majority of the
participants post-test (pre-test Median = 14.0, post-test
Median=16.0, p-value=0.0081, p>0.05). When the
tests were repeated for the results of younger children
(age 6-12), there was also no strong evidence for improve-
ments. However, for the older children (age 13-17), signifi-
cant improvements in scores were found (pre-test Median =
12.0, post-test Median=16.0, p-value=0.024, p<0.05).
The findings support the third and final hypothesis of this
study (H3), which states that after playing a PMT-based
virtual pet serious game, childhood cancer patients will
become more knowledgeable about childhood cancer and
cancer treatment. However, older children showed more
improvement. This could be because some younger chil-
dren may find the educational content of the game difficult
to understand, as shared in the children’s and caregivers’
feedback.

These findings also show that as the knowledge levels of
the children regarding their illness and treatment methods
improve, so does their treatment adherence. This aligns
with the finding that age-appropriate information can help
children and adolescent cancer patients to cope with the
cancer expe11'ence,25’26 and also with the findings that
patients who were more knowledgeable about their illness
were more compliant with their treatment.?’-*®
Furthermore, results from some games for cancer patients
showed that it is possible to learn about cancer and treat-
ment through games, such as in Re-Mission,®
FightHPV,** and ILOVEBREAST®’.

From the analysis, we found all PMT factors had low
degrees of correlation toward the intention to use cancer
treatment. Out of the seven factors, the three factors with
significant levels of correlation with intention are threat
severity (positive), intrinsic rewards (negative) and
response efficacy (positive). This indicates that the higher
the threat severity of cancer, the lower the intrinsic
rewards such as believing that they would feel happier for
not undergoing cancer treatment, or the higher the response
efficacy of using cancer treatment, the higher the partici-
pants’ intentions of using cancer treatment.
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This matches with the PMT,44 which theorizes that when
a person’s perceived threat severity and response efficacy
are high, along with low intrinsic rewards, it would increase
their intention to take up a health behaviour to combat a
health threat. For this sample, the children viewed cancer
as a strong threat, had low intrinsic that would have encour-
aged them to not use cancer treatment and viewed the
response efficacy of using cancer treatment as high and
effective. This indicates that both the threat appraisal,
which includes the PMT factors of threat severity, intrinsic
rewards and extrinsic rewards and the coping appraisal
which includes the PMT factor of response efficacy play
a role in encouraging the use of cancer treatment.

Besides that, the correlation analysis results suggest sig-
nificant, moderate degrees of correlation between response
efficacy (positive), self-efficacy (positive) and intention on
utilizing daily self-care to control treatment side effects. An
additional PMT factor that had significant levels of correl-
ation with the intention is the threat vulnerability (low, posi-
tive). This means that if the response efficacy of the positive
effects of using daily self-care is high, or the self-efficacy or
belief in one’s ability to perform daily self-care is high, or
the threat vulnerability of having treatment-related side
effects is high, the intention to perform daily self-care to
manage the side effects is likely to be high as well.

This corresponds with the PMT,44 which theorizes that
when a person’s perceived threat vulnerability, perceived
response efficacy and self-efficacy are high, it would
increase their intention to take up a health behaviour to
combat a health threat. For this sample, the children who
believe that they have high vulnerability to experiencing
cancer treatment side effects viewed the use of daily self-care
as an effective way to manage the side effects and also
believed in their self-efficacy to perform these daily self-care
activities. This indicates that both the threat appraisal, which
includes the PMT factors of threat severity, intrinsic rewards
and extrinsic rewards, and the coping appraisal, which
includes the PMT factor of response efficacy, play a role in
encouraging the use of daily self-care.

According to the thematic analysis of the caregivers’ and
children’s feedback regarding Pets vs Onco, the virtual pet
game positively impacted children with cancer. Qualitative
feedback from caregivers indicated that the children had
become more motivated for cancer treatment and daily self-
care, in addition to learning about their illness and treatment
through playing the game. The children became more eager
to undergo cancer treatment and were keener about
knowing more about their treatment plans and progress, and
were also more self-disciplined and punctual about their
daily self-care. The benefits depicted are in line with
the results of the quantitative analysis and is supportive of
the three hypotheses of this study which theorized that the
game can increase childhood cancer patients’ intention to
adhere to their treatment plans to fight cancer (H1), increase
childhood cancer patients’ intention to perform daily self-care

to manage treatment side effects (H2) and educate childhood
cancer patients about their illness and treatment (H3).

Feedback showed that the game was well accepted, with
an average rating of M =4.125 out of 5 stars by the 24 chil-
dren. When divided by age, young children (M =4.357)
rated the game higher than older children (M =3.875).
This could imply that the game is better suited for
younger children and that more content is needed to
appeal to older players. This is in line with the findings of
the thematic analysis, where it was highlighted that the
game is not challenging enough, especially for older chil-
dren. Both children and caregivers liked the game for
various reasons, including providing various benefits to
children with cancer, such as cheering them up, opening
up communication about cancer, and providing the children
with a virtual companion.

However, the game was not without weaknesses and
would require improvements to enhance the overall appeal
of the game. Suggestions for improvements include having
more content such as new items to interact with the pet, for
example, new clothes, new kinds of food and drink, more
activities to do with the pet, a storyline, the depiction of exer-
cise and additional mini-games. The game can also be more
suitable for the wide age range of 617 years old by having
two versions of the educational content. One version would
be written for younger children’s reading levels, while the
other would be for adolescents.

Conclusions

In conclusion, both children with cancer and their care-
givers, in general, enjoyed Pets vs Onco. The findings
suggest that childhood cancer patients became more moti-
vated to adhere to their cancer treatment after playing the
game. The game also showed potential in encouraging
childhood cancer patients to practise daily self-care, espe-
cially for younger children. In addition, the study’s findings
revealed that the game was educational, particularly for
older children. Furthermore, both the children and care-
givers in the study agreed that the game provides various
benefits to children with cancer. These results align with
the preliminary findings of the pilot study*’ conducted
with a smaller sample of children, which indicated the inter-
vention’s potential to support childhood cancer patients.
This study has several limitations. Due to the difficulty
in finding enough children with cancer to participate, it
was determined that everyone would be assigned to the
intervention group to obtain more data. However, this
study used a pre-test—post-test methodology, allowing the
post-test survey responses to be compared to the pre-test
survey results obtained before the participants had played
the game. Participants and their families that are recruited
from the boarding homes of the two cancer organizations
are mostly from low-income families who require financial
assistance. Furthermore, although Malaysia consists of
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multiple races such as Malays, Chinese and Indians,66 most
of the research participants and their families are Malays or
Indigenous people. Due to a lack of diversity, we could not
generalize the findings to a larger group of children with
cancer. Because of the pandemic, this study could not be
conducted in person with childhood cancer patients vulner-
able to contracting the virus. While the digital surveys and
online contact allowed for safety, contacting caregivers for
the study can be challenging, resulting in some data collec-
tion delays.

Future work should address the study’s limitations by
having a control group and recruiting from more locations
to expand the sample size, diversify the sample and gener-
alize the findings to a broader population of children with
cancer. Firstly, future research should increase the sample
size and diversity of the participants to generalize the find-
ings to a broader population of children with cancer. This
can be accomplished by evaluating the game on a larger
scale with other collaborators over a longer recruitment
period, as well as by recruiting people from different socio-
economic backgrounds and races. Future research should
also include a control group, whether a waitlist control
group or allowing control group participants to play a com-
mercially available game similar to a serious game. By
using a control group, the researchers can establish that
the study outcomes are due to the manipulation of inde-
pendent variables rather than extraneous variables.
Additionally, surveys should be performed face to face
wherever possible to allow for smoother data collection
and more consistency in survey-filling methods.
Face-to-face surveys would also allow the researchers to
provide extra guidance to the children while they fill in
the surveys.

Besides that, the game prototype can be improved based
on the feedback participants and their caregivers provided
in this study. Finally, the game is found to be beneficial
to children with cancer, based on the results of this study;
the file can be made freely available and distributed to hos-
pitals and cancer organizations so that children and adoles-
cents with cancer can play it once an improved version of
the game has been developed.

Acknowledgements: The authors would like to express their
gratitude to the children and families from Sarawak Children’s
Cancer Society (SCCS) and the National Cancer Society
Malaysia (NCSM) who took part in this study. We also want to
express our gratitude to the amazing individuals at SCCS and
NCSM for their assistance with the recruitment process.

Conflict of interest: The authors have no conflicts of interest to
declare.

Contributorship: CCWE, LBT, MTKT, and AA researched
literature, conceived the study, developed the protocol and
gained ethical approval. CCWE oversaw participant recruitment

and wrote the first draft of the manuscript. All authors were
involved in data analysis, reviewed and edited the manuscript,
and approved the final version of the manuscript.

Ethical approval: This work was approved by the Swinburne
Human Research Ethics Committee (SUHREC) (Ref:
20202689-3990).

Funding: The authors disclosed receipt of the following financial
support for the research, authorship, and/or publication of this
article: This work was supported by the Swinburne Sarawak
HDR scholarship.

Guarantor: CCWE

ORCID iD: Carmen Wang Er Chai
0234-3360

https:/orcid.org/0000-0002-

References

1. Sullivan R, Kowalczyk JR, Agarwal B, et al. New policies to
address the global burden of childhood cancers. Lancet Oncol
2013; 14: el125-e135.

2. Ward ZJ, Yeh JM, Bhakta N, et al. Estimating the total inci-
dence of global childhood cancer: a simulation-based ana-
lysis. Lancet Oncol 2019; 20: 483-493.

3. Malaysian Society of Paediatric Haematology and Oncology
(MASPHO). Cancer Information — Malaysian Society of
Paediatric Haematology and Oncology (MASPHO), https:/
maspho.org/cancer-information/ (2015, accessed 11 October
2021).

4. The Star Online. 70% of children recover from cancer annu-
ally, says Hilmi. Star Media Group Berhad, 21 November
2015, https:/www.thestar.com.my/news/nation/2015/11/21/
children-cancer-recovery-hilmi/ (21 November 2015).

5. Friedrich P, Lam CG, Kaur G, et al. Determinants of treatment
abandonment in childhood cancer: results from a global
survey. PLoS One 2016; 11: e0163090.

6. Altay N, Kilicarslan-Toruner E and Sari C. The effect of
drawing and writing technique on the anxiety level of children
undergoing cancer treatment. Eur J Oncol Nurs 2017; 28: 1-6.

7. American Society of Clinical Oncology. Fear of
Treatment-Related Side Effects, https:/www.cancer.net/
coping-with-cancer/managing-emotions/fear-treatment-related-
side-effects (2018, accessed 21 October 2018).

8. Gast A and Mathes T. Medication adherence influencing
factors - an (updated) overview of systematic reviews. Syst
Rev 2019; 8: 1-17.

9. Lilleyman JS and Lennard L. Non-compliance with oral
chemotherapy in childhood leukaemia - an overlooked and
costly cause of late relapse. Br Med J 1996; 313: 1219-1220.

10. Santer M, Ring N, Yardley L, et al. Treatment non-adherence
in pediatric long-term medical conditions: systematic review
and synthesis of qualitative studies of caregivers’ views.
BMC Pediatr 2014; 14: 1-10.

11. Miao NF, Wang TC, Chang FC, et al. Prevalence and associ-
ation of pain experiences, medication literacy, and use of



https://orcid.org/0000-0002-0234-3360
https://orcid.org/0000-0002-0234-3360
https://orcid.org/0000-0002-0234-3360
https://maspho.org/cancer-information/
https://maspho.org/cancer-information/
https://maspho.org/cancer-information/
https://www.thestar.com.my/news/nation/2015/11/21/children-cancer-recovery-hilmi/
https://www.thestar.com.my/news/nation/2015/11/21/children-cancer-recovery-hilmi/
https://www.thestar.com.my/news/nation/2015/11/21/children-cancer-recovery-hilmi/
https://www.cancer.net/coping-with-cancer/managing-emotions/fear-treatment-related-side-effects
https://www.cancer.net/coping-with-cancer/managing-emotions/fear-treatment-related-side-effects
https://www.cancer.net/coping-with-cancer/managing-emotions/fear-treatment-related-side-effects
https://www.cancer.net/coping-with-cancer/managing-emotions/fear-treatment-related-side-effects

16 DIGITAL HEALTH
medication among children and adolescents in Taiwan. 29. Oliemat E, Thmeideh F and Alkhawaldeh M. The use of
J Pediatr Nurs 2019; 46: e64—71. touch-screen tablets in early childhood: children’s knowledge,

12. De Maria C, Lussier M-T and Bajcar J. What do children skills, and attitudes towards tablet technology. Child Youth
know about medications? A review of the literature to guide Serv Rev 2018; 88: 591-597.
clinical practice. Can Fam Physician 2011; 57: 291-295. 30. Stalberg A, Sandberg A, Soderbéck M, et al. The child’s per-

13. Webster M. Similarities and differences in the meanings chil- spective as a guiding principle: young children as co-designers
dren and their parents attach to epilepsy medications. Soc Sci in the design of an interactive application meant to facilitate
Med 2017; 177: 190-197. participation in healthcare situations. J Biomed Inform 2016;

14. Michaud PA, Suris JC and Viner R. The adolescent with a 61: 149-158.
chronic condition. Part II: healthcare provision. Arch Dis  31. Nijhof SL, Vinkers CH, van Geelen SM, et al. Healthy play,
Child 2004; 89: 943-949. better coping: the importance of play for the development of

15. Kardas P, Lewek P and Matyjaszczyk M. Determinants of children in health and disease. Neurosci Biobehav Rev
patient adherence: A review of systematic reviews. Front 2018; 95: 421-429.

Pharmacol 2013; 4: 91. 32. Chai CWE, Lau BT, Al Mahmud A, et al. A survey of digital

16. McCulloch R, Hemsley J and Kelly P. Symptom management health interventions for children with cancer. Int J Serious
during chemotherapy. Paediatr Child Heal (United Kingdom) Games 2020; 7: 71-88.

2018; 28: 189-195. 33. Bruggers CS, Baranowski S, Beseris M, et al. A prototype

17. Sala A, Rossi E, Antillon F, et al. Nutritional status at diagno- exercise-empowerment mobile video game for children
sis is related to clinical outcomes in children and adolescents with cancer, and its usability assessment: developing digital
with cancer: a perspective from Central America. Eur J empowerment interventions for pediatric diseases. Front
Cancer 2012; 48: 243-252. Pediatr 2018; 6: 69.

18. Virizuela JA, Camblor-Alvarez M, Luengo-Pérez LM, et al.  34. Make-A-Wish Foundation of America. Ben’s Video Game
Nutritional support and parenteral nutrition in cancer patients: Fights Cancer, http:/wish.org/wishes/wish-stories/i-wish-to-
an expert consensus report. Clin Transl Oncol 2018;20: 619— be/ben-video-game-creator (2012, accessed 21 October 2018).
629. 35. Hunter JF, Acevedo AM, Gago-Masague S, et al. A pilot

19. Wilkes PA and Allen DH. Nutrition care: managing Symp- study of the preliminary efficacy of pain buddy: a novel inter-
toms from cancer. J Nurse Pract 2018; 14: 267-275. e3. vention for the management of children’s cancer-related pain.

20. American Cancer Society. Preventing Infections in People Pediatr Blood Cancer 2020; 67: €28278.

With Cancer, https:/www.cancer.org/treatment/treatments-  36. Kayali F, Silbernagl M, Peters K, et al. Design considerations
and-side-effects/physical-side-effects/infections/preventing- for a serious game for children after hematopoietic stem cell
infections-in-people-with-cancer.html (2015, accessed 23 transplantation. Entertain Comput 2016; 15: 57-73.

July 2019). 37. Oxford University Press. Definition of cyber pet, https:/en.

21. Hedén L, Poder U, Von Essen L, et al. Parents’ perceptions of oxforddictionaries.com/definition/us/cyberpet (2018, accessed
their child’s symptom burden during and after cancer treat- 3 November 2018).
ment. J Pain Symptom Manage 2013; 46: 366-375. 38. Chen ZH, Liao C, Chien TC, et al. Animal companions: fos-

22. Walter LM, Nixon GM, Davey MJ, et al. Sleep and fatigue in tering children’s effort-making by nurturing virtual pets. Br J
pediatric oncology: a review of the literature. Sleep Med Rev Educ Technol 2011; 42: 166—-180.

2015; 24: 71-82. 39. Laskowski A. New Apps Teach Kids about Their Health. Boston

23. Phillips CR and Davis LL. Psychosocial interventions for University, http:/www.bu.edu/today/2016/wizdy-pets-educates-
adolescents and young adults with cancer. Semin Oncol kids-how-to-manage-asthma-symptoms/ (2016, accessed 21
Nurs 2015; 31: 242-250. October 2018).

24. Li HCW, Lopez V, Joyce Chung OK, et al. The impact of  40. Ahn SJG, Johnsen K, Robertson T, et al. Using virtual pets to
cancer on the physical, psychological and social well-being promote physical activity in children: an application of the
of childhood cancer survivors. Eur J Oncol Nurs 2013; 17: youth physical activity promotion model. J Health Commun
214-219. 2015; 20: 807-815.

25. David CL, Williamson K and Tilsley DWO. A small scale, quali- 41. Ahn SJG, Johnsen K, Moore J, et al. Using virtual pets to
tative focus group to investigate the psychosocial support needs increase fruit and vegetable consumption in children: a
of teenage young adult cancer patients undergoing radiotherapy technology-assisted social cognitive theory approach.
in Wales. Eur J Oncol Nurs 2012; 16: 375-379. Cyberpsychology. Behav Soc Netw 2015; 19: 86-92.

26. Jones JK, Kamani SA, Bush PJ, et al. Development and evalu-  42. Bandura A and Walters RH. Social learning theory.
ation of an educational interactive CD-ROM for teens with Englewood Cliffs, NJ: Prentice-hall, 1977. Epub ahead of
cancer. Pediatr Blood Cancer 2010; 55: 512-519. print 1977. DOIL: 10.1111/j.1460-2466.1978.tb01621.x.

27. Sturdee DW. The importance of patient education in improv-  43. Mayes JT. Still to learn from vicarious learning. E-Learning
ing compliance. Climacteric 2000; 3: 9-13. Digit Media 2015; 12: 361-371.

28. Sweileh WM, Zyoud SH, Abu Nab’A RJ, et al. Influence of  44. Maddux JE and Rogers RW. Protection motivation and self-
patients’ disease knowledge and beliefs about medicines on efficacy: a revised theory of fear appeals and attitude
medication adherence: findings from a cross-sectional change. J Exp Soc Psychol 1983; 19: 469-479.
survey among patients with type 2 diabetes mellitus in  45. Chai CWE, Lau BT, Al Mahmud A, et al. A virtual pet serious

Palestine. BMC Public Health 2014; 14: 1-8.

game in motivating children with cancer in treatment and self-



https://www.cancer.org/treatment/treatments-and-side-effects/physical-side-effects/infections/preventing-infections-in-people-with-cancer.html
https://www.cancer.org/treatment/treatments-and-side-effects/physical-side-effects/infections/preventing-infections-in-people-with-cancer.html
https://www.cancer.org/treatment/treatments-and-side-effects/physical-side-effects/infections/preventing-infections-in-people-with-cancer.html
https://www.cancer.org/treatment/treatments-and-side-effects/physical-side-effects/infections/preventing-infections-in-people-with-cancer.html
http://wish.org/wishes/wish-stories/i-wish-to-be/ben-video-game-creator
http://wish.org/wishes/wish-stories/i-wish-to-be/ben-video-game-creator
http://wish.org/wishes/wish-stories/i-wish-to-be/ben-video-game-creator
https://en.oxforddictionaries.com/definition/us/cyberpet
https://en.oxforddictionaries.com/definition/us/cyberpet
https://en.oxforddictionaries.com/definition/us/cyberpet
http://www.bu.edu/today/2016/wizdy-pets-educates-kids-how-to-manage-asthma-symptoms/
http://www.bu.edu/today/2016/wizdy-pets-educates-kids-how-to-manage-asthma-symptoms/
http://www.bu.edu/today/2016/wizdy-pets-educates-kids-how-to-manage-asthma-symptoms/
https://doi.org/10.1111/j.1460-2466.1978.tb01621.x
https://doi.org/10.1111/j.1460-2466.1978.tb01621.x

Chai et al.

17

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

care: a conceptual design. Malaysian J Paediatr Child Heal
2020; 26: 6-19.

Chai CWE, Lau BT, Al Mahmud A, et al. A multimedia
solution to motivate childhood cancer patients to keep up
with cancer treatment. In: MMAsia 20: proceedings of the
2nd ACM international conference on multimedia in Asia.
Association for Computing Machinery (ACM), 2021,
pp- 1-5.

Chai CWE, Lau BT, Tee MKT, et al. Increasing motivation
for cancer treatment adherence in children through a mobile
educational game: a pilot study. EAI Endorsed Trans
Pervasive Heal Technol 2022; 8: 173453.

Odh I, Lofving M and Klaeson K. Existential challenges in
young people living with a cancer diagnosis. Eur J Oncol
Nurs 2016; 24: 54-60.

Camerini AL, Diviani N, Fadda M, et al. Using protection
motivation theory to predict intention to adhere to official
MMR vaccination recommendations in Switzerland. SSM -
Popul Heal 2019; 7: 100321.

Verkijika SF. Understanding smartphone security behaviors:
an extension of the protection motivation theory with antici-
pated regret. Comput Secur 2018; 77: 860-870.

Wong TS, Gaston A, Delesus S, et al. The utility of a protec-
tion motivation theory framework for understanding seden-
tary behavior. Heal Psychol Behav Med 2016; 4: 29-48.
Xiao H, Peng M, Yan H, et al. An instrument based on protec-
tion motivation theory to predict Chinese adolescents’ inten-
tion to engage in protective behaviors against schistosomiasis.
Glob Heal Res Policy 2016; 1: 1-9.

Hassani L, Dehdari T, Hajizadeh E, et al. Development of an
instrument based on the protection motivation theory to
measure factors influencing women’s intention to first pap
test practice. Asian Pacific J Cancer Prev 2014; 15: 1227-
1232.

MacDonell K, Chen X, Yan Y, et al. A Protection Motivation
Theory-Based Scale for Tobacco Research among Chinese
Youth. J Addict Res Ther 2013; 4: 154.

Redd BR. Using the protection motivation theory to examine
the effects of obesity fear arousal on the physical activity of
young adult female college students. Wayne State Univ

Appendix 1. Thematic analysis evidence and
quotes for each sub-theme

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Diss, http:/search.proquestcom/docview/1449319975?
accountid=14524%5Cnhttp:/ucelinks.cdlib.org:8888/sfx_
local?url_ver=739.88-2004 &rft_val_fmt=info:ofi/fmt:kev:
mtx:dissertation&genre=dissertations + %26 + theses&sid=
ProQ:PsycINFO&atitle=&title=Using + the + protection (2013).
Vance A, Siponen M and Pahnila S. Motivating IS security
compliance: insights from habit and protection motivation
theory. Inf Manag 2012; 49: 190-198.

Arbuckle R and Abetz-Webb L. Not just little adults: qualita-
tive methods to support the development of pediatric patient-
reported outcomes. Patient - Patient-Centered Outcomes Res
2013; 6: 143-159.

The Cancer Council NSW. Talking to Kids About Cancer: A guide
for people with cancer, their families and friends. Woolloomooloo,
New South Wales, Australia : The Cancer Council NSW, 2012.
Douglas D. What is Cancer? The Nemours Foundation,
https:/kidshealth.org/en/kids/cancer.html#catcancer (2016,
accessed 12 September 2019).

Sarawak Children’s Cancer Society. Sarawak Children’s Cancer
Society, https:/sccs.org.my/ (accessed 25 August 2022).
Children’s Home of Hope — National Cancer Society of
Malaysia, https:/cancer.org.my/get-involved/childrens-home-
of-hope/ (accessed 25 August 2022).

Braun V and Clarke V. Thematic analysis. APA Handb Res
Methods Psychol Vol 2 Res Des Quant Qual Neuropsychol
Biol 2012; 2: 57-71.

HopeLab. Re-Mission, http:/www.re-mission.net
accessed 21 October 2018).

Ruiz-Lépez T, Sen S, Jakobsen E, et al. FightHPV: design and
evaluation of a Mobile game to raise awareness about human
papillomavirus and nudge people to take action against cer-
vical cancer. JMIR Serious Games 2019; 7: e8540.

Kim HJ, Kim SM, Shin H, et al. A mobile game for patients
with breast cancer for chemotherapy self-management and
quality-of-life improvement: randomized controlled trial.
J Med Internet Res 2018; 20: €273.

Department of Information Malaysia. MyGOV - Malaysia
Information Demography of Population, https:/www.
malaysia.gov.my/portal/content/30114 (2016, accessed 5
March 2022).

(2018,

Participants in this section will be referred to by their participant number to maintain their anonymity. For example,
Participant 1 or P1 for short.

Theme 1: Impacts on cancer treatment

Sub-theme

The game teaches about cancer and/or treatment 33

Frequency Example quote

Participant 9's (Age 14, Male / 14M) Caregiver: ‘...My son is diligent in
reading information related to cancer in the game, so he follows
the advice from the information there, and uses it in daily life’.

(continued)
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Continued.

More motivation for treatment

Theme 2: Impacts on daily self-care
Sub-theme

More motivation for daily self-care

The game teaches about daily self-care

Becoming more punctual/self-disciplined (about
daily self-care & medication, or in general)

Theme 3: Other benefits of the game
Sub-theme

The game cheers child up

The game opens conversation about illness

Improving the child’s outlook, attitude or
behaviour

The game helps to pass the time (during treatment
and in general)

Playing the game eases stress (from illness and
other stressors)

The child learns how to take care of a pet

The pet is a good role model for daily self-care

Alarm helps to remind for treatment and daily
self-care

The game teaches problem-solving skills

Theme &: Likes about the game

Sub-theme

19

Frequency

24

11

Frequency
19

15

11

Frequency

13

P16 (13M)’s Caregiver: ‘When he’s done all the chemo... he asked the
doctor about progress, about how he is doing now. The doctor said
it’s ok, all is well’.

Example quote

P2u’s (6 M) Caregiver: ‘He is more receptive to the idea of “taking
care of one’s health” and is less resistant when | remind him to
take medicine and drink water...’

P1t’s (12M) Caregiver: ‘He used to want to bring sweet drinks to
school. But now he prefers to bring plain water... He prefers to eat
healthy food now. (He understands that) if he eats unhealthy food,

his cancer may recur’.

P2’s (11F) Caregiver: ‘...she can remember when she needs to eat,
drink milk and take medicine’.

Example quote
P19’s (13F): ‘The game is fun. | am enjoying the game’.

P17’s (10M) Caregiver: ‘He does share about treatment and what he
felt during the treatment... Previously, he didn’t tell me anything’.

P5’s (16M) Caregiver: ‘(The game) taught my child the meaning of a
better life despite having cancer and to work harder to heal and

become stronger’.

P7 (8F): ‘Playing this game, | did not feel bored during my treatment’.

P10 (10M): ‘This game can relieve the feeling of stress for me’.

P19’s (13F) Caregiver: ‘The game is fun and also teaches the kid how
to manage and take care of something’.

P2u’s (6 M) Caregiver: ‘If the child takes the pet as a role model
together with the different scenes, it will increase his confidence

and help him understand (the importance of daily self-care)’.

P11’s (12M) Caregiver: ‘This game reminds us what we need to do
throughout the day’.

P17’s (10M) Caregiver: ‘Very useful for my son because it taught my
son to think how to solve problems on his own’.

Example quote

P9’s (14M) Caregiver: ‘This game is very beneficial for children with

(continued)
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Continued.

The game can be beneficial for children with
cancer

The game has attractive graphics/ character

The child enjoys taking care of the pet

The game is easy to play

The game provides a virtual playmate

The child enjoys virtually treating and fighting
cancer

The game reminds the child of a popular mobile
game

The child likes writing in the diary

Theme 5: Dislikes about the game
Sub-theme

The game is not interesting/challenging enough
(lacking content)

The game is boring or gets boring later

The game is difficult to understand for younger
children

Waiting time for pet to sleep for energy is too long

The game lags or delays

Theme 6: Feedback/Suggestions for improvement

Sub-theme

Improve the game by adding more content

Improve the game by having more mini games

cancer, because they can learn a lot from this game, they can take
care of their health, take care of nutrition and learn more about
cancer’.

[A P2’s (11F): ‘I love the colours in this game. The colours in this game
are very attractive’.

4 Pit’s (12M) Caregiver: ‘This game can make my son happy. (He is)
able to give attention to pets even if they are just digital animals’.

(A P22 (8 M)’s Caregiver: ‘This game is very simple and does not burden
the children who are sick’.

3 P13’s (6 M) Caregiver: ‘Because now he cannot have a pet. At least he
can play with a virtual pet’.

3 P3 (13M): ‘I love this game to treat cancer and to fight cancer’.
1 P8 (15F): ‘This game is like Talking Tom’.
1 P12 (16F): ‘I really like this game because there is a diary, so if | don’t

have a place to express myself, | will express it there’.

Frequency Example quote

8 P11’s (12M) Caregiver: ‘Since he’s in his teens, this game was not
challenging for him ... The children over 12 years old may be less
interested in playing this game because there are other games that
are more challenging’.

6 P8’s (15F) Caregiver: ‘Fun. But sometimes boring’.

3 P22’s (8 M) Caregiver: ‘...because | need to help my son, especially
involving the questions game (quiz mini-game), | need to explain
to him because sometimes there are sentences that he doesn’t
understand as he is still not fluent in reading quickly’.

2 P1&’s (12M) Caregiver: ‘This game seems to be lacking... Because my
son always tells me that this animal sleeps too long. He is tired of

waiting for his pet to wake up (to continue playing)’.

1 P19 (13F): ‘When | play the game, it’s always lagging’.

Frequency Example quote

8 P10’s (10M) Caregiver: ‘Just need to improve (the selections) for
accessories, eating, drinking... Add more activities that can be done
with the pet...’

6 P12 (16F): ‘If you can, add more games in there’.

(continued)
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Continued.

Other suggestions for improvement

Theme 7: Others
Sub-theme

The child is curious about cancer and
treatment-related information

The child misses having a pet

The child had problems putting the game down

The child wants to dress better now

The game is full of love

The child is proactive about daily self-care even
before having cancer

Parents of young children with cancer do not talk to
them about cancer

Frequency

2

P2’s (11F) Caregiver: ‘Reduce the use of difficult to understand
words’.

Example quote

P6’s (8 M) Caregiver: ‘(Regarding cancer knowledge) ...he’s the
curious sort who likes to ask questions’.

P9’s (1&M) Caregiver: ‘My son names his pet just like my dog at home,
he misses his dog’.

P8’s (15F) Caregiver: ‘Sometimes when she is told to eat, she is still
busy playing this game though’.

P11’s (12M) Caregiver: ‘His choice of clothes from what | see...
Became fashionable. He wants to wear nice clothes only’.

P15’s (14F) Caregiver: ‘Full of love’.

P20’s (17M) Caregiver: ‘My child is always taking care of his daily
self-care even before he became sick’.

P2u’s (6 M) Caregiver: ‘As parents, we would not deliberately talk to
young children about cancer. Because the treatment is a very
difficult process, most parents try their best to make their children
happy and increase their confidence. During the treatment
process, the parents themselves are very stressed’.
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