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ABSTRACT

Recent global epidemics have called attention to how vulnerable communities are to outbreaks, particularly those
involving novel diseases. Due to underlying social and health disparities, the Indigenous Orang Asli Community
are more susceptible to severe impact from outbreaks. However, preparedness levels in this community remain
low, and there is a lack of culturally tailored programs that effectively engage them. The objective of this study is
to develop and test the usability of Wabak X, a serious card game designed to educate Orang Asli in Selangor,
Malaysia, on household outbreak preparedness. Wabak X was developed and evaluated through five stages:
predevelopment and storyboarding, alpha 1, alpha 2, beta and final build. Findings demonstrated that Wabak X
was well-accepted by the community, with majority reporting high perceived knowledge and confidence in
applying what they learned. Wabak X exhibits considerable potential as an evidence-based, culturally appropriate

tool to enhance outbreak preparedness in Orang Asli households.
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INTRODUCTION

Disease X is a placeholder established by the World Health
Organization to refer to a hypothetical disease not yet
observed in humans but that has the potential to cause a global
pandemic [1], and it is predicted to be triggered by a zoonotic
spillover [2]. Experts had long anticipated the emergence of a
novel disease that could result in a deadly pandemic; however,
COVID-19 nonetheless caught the global community off guard.

A critical lesson of the recent COVID-19 pandemic is that a
novel outbreak can rapidly propagate beyond national
borders. However, the combination of preparedness and
effective response can mitigate its negative impacts [3].
Though the reality is that individuals at the grassroots are
always the first to be impacted by health crises, preparedness
initiatives have primarily focused on higher levels, such as at
institutional, national, and international settings, with a lesser
emphasis on the community, household, orindividual levels [4,
5].

Globally, between 50% to 92% of households are
inadequately prepared for disasters [6]. Only 3.4% of
households in Hong Kong have fully prepared for an influenza
pandemic, while the majority have not taken any steps [7].
There s limited data on household preparedness for outbreaks
in Malaysia. However, evidence indicates that only 20% of the

general population are fully prepared for flood disasters [8],
and the proportion is even lower among indigenous groups,
with only 10% of them having life-safety measures planned [9].

The Indigenous population of Peninsular Malaysia is known
as the Orang Asli. Their primary ethnic groups are the Negrito,
Senoi, and Proto-Malay. The Negrito mainly reside in the
northern region, while the Senoi inhabit the forested central
highlands. The Proto-Malays on the other hand, primarily live
in the western and southern regions, closer to urban centers.
Among the three ethnic groups, the Proto-Malays share certain
customs and cultural similarities with the Malays [10].

While Malaysia experiences robust economic growth and
offers universal healthcare to its citizens, disparities continue
to exist among different demographics attributed to the
underlying social determinants of health [11]. Underserved
population like the Orang Asli experience inferior health
outcomes due to lower socioeconomic status, limited
education, poor housing conditions, and barriers to health care
access [12, 13]. Many Orang Asli communities in Selangor live
along forest fringes suffering environmental degradation, that
are adjacent to urban areas [10]. Combined with their reliance
on forest foraging for livelihood, these features increase their
vulnerability to zoonotic spillovers, including emerging threats
such as disease X [14]. If a novel outbreak were to occur in this
community, it could rapidly spread to the highly populated
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urban areas, potentially resulting in high mortality rates, as
was the case during the COVID-19 pandemic [15].

Although information on outbreak preparedness levels
among the Orang Asli is limited, evidence indicates that Orang
Asli families are not only inadequately prepared for flood
disasters but also not even interested in participating in
preparedness programs [16]. This is likely due to the fact that
the programs are not culturally tailored and traditional lecture-
based education is ineffective in engaging them. Therefore, it is
reasonable to infer that they have a general lack of
preparedness, including for outbreaks. Consequently, it is
necessary to address this issue by introducing a more
innovative approach to education, such as a game-based
learning approach, as an effort to reduce health disparities due
to education and improve health outcomes.

Serious games are game-based learning approaches with
defined learning objectives, with learning built into the
gameplay to make learning more interesting and more
effective [17, 18]. Serious games have been utilized in disaster
preparedness education. However, the majority focus on
natural disasters and are in digital format [19], and those in
non-digital format, specifically in the form of board games, are
more targeted for decision makers or require facilitators [20-
22]. While serious games have been applied in various
preparedness interventions, existing games targeting
Indigenous populations have primarily focused on mental
health and language learning and have been developed for
Indigenous communities in Canada and New Zealand [23-25].

There is currently no known serious game for outbreak
preparedness that is culturally relevant and accessible to the
Indigenous Orang Asli Community. Specifically, there is a lack
of such games that can be used in a low-resource setting, self-
paced, suitable for families and in a language that is
understood by the Indigenous community. Therefore, the
objective of this study is to develop and test the usability of a
serious game, named Wabak X, that is tailored for the Orang
Asli in Selangor, Malaysia, to educate on household outbreak
preparedness.

MATERIALS AND METHODS

The framework proposed by Olsen et al. [26] was adapted
to develop, validate, and evaluate Wabak X for usability. The
framework can be divided into five stages, including:

) pre-development and storyboarding,

) alpha 1 prototype,

) beta version, and
) final build [26].

Pre-development started in September 2023. It began with
a review of the literature and basic demographic data for the
target population. Storyboarding and the following stages
were carried out between October 2024 and January 2025. An
overview of the study methods is presented in Figure 1.

(1
(2
(3) alpha 2 prototype,
(4
(5

Pre-Development and Storyboarding

Prior to the development of Wabak X, the research gaps,
target population, and their needs were identified through a
review of literature and the basic demographic data of the
population. The health belief model (HBM) was found to be
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Step 1: Pre-development and storyboarding

e Aim: Assess needs, user characteristics, develop game
components and mechanics

e Methods:

Literature review

Consultations with JAKOA officials and Orang Asli

representatives (n=4)

Content validation with experts (n=5)

Face validation with Orang Asli individuals (n=14) /

v

Step 2: Alpha 1 prototype

Aim: Test functionality and limitation
Participants: Non-target population (n=14)
Method: Modified think aloud

L

Step 3: Alpha 2 prototype

e Aim: Address population-specific issues
e Participants: Orang Asli representatives (n=5)
e Method: Modified think aloud

v

N i i Y

Step 4: Beta version
e Aim: Verify comprehensibility and playability
e Participants: Orang Asli households (n=18)
\_ e Method: Questionnaire administration b

L

Step 5: Final build

e Aim: Verify acceptance and real-world usability
o Participants: Orang Asli households (n=42)

\ e Method: Questionnaire administration )
Figure 1. Wabak X card game development and testing process
(Source: Authors’ own elaboration)

commonly used theory in developing disaster and emergency
health preparedness programs [27]. Therefore, the HBM was
used to guide the interpretation of insights and in establishing
the learning objectives of Wabak X.

Following this, interviews were conducted with subject
matter experts (SMEs), including three representatives from
the department of Orang Asli development (JAKOA) and one
Orang Asli representative who had experience in providing
health services to the Orang Asli Community. SMEs were
recruited through nomination by higher-level officials at
JAKOA headquarters. The aim was to learn more about the user
characteristics that could potentially influence their
engagement with the game. The information included literacy
levels, prior knowledge and experience with outbreaks,
familiarity with card games and other user skills or limitations
that could potentially impact gameplay engagement. The art
style was also discussed with the SMEs to ensure that the
Wabak X artwork is culturally sensitive and accurate. The
insights gained contributed to the storyboarding of the game.

During storyboarding, the game components and art
concepts were developed and then evaluated by experts and
Orang Asli community members for content validity and face
validity, respectively, across four components:
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(1) theinstructional leaflet,

(2) game mechanics,

(3) lessons learned from gameplay, and
(4) design and artwork.

Experts were recruited through nomination by their
departmental heads and included individuals with expertise in
communicable disease control, Orang Asli healthcare, Orang
Asli behavioral research, veterinary public health, and the
implementation of programs for the Orang Asli Community. For
the recruitment of the Orang Asli Community, villages were first
randomly selected using computer-generated numbers.
Village leaders, committee members, and community
members were then invited to participate with the help of
JAKOA officials. Participation was voluntary.

For content validity, five experts rated each component on
three scales:

(1) relevance to the intervention objectives,

(2) clarity, and

(3) comprehensibility.

Ratings were given on a four-point scale (1 = disagreement,
2 = agreement with major revision, 3 = agreement with minor
revision, 4 = full agreement). For face validity, 14 Orang Asli
Community members assessed the same four components

with respect to their relevance to community needs, clarity and
comprehensibility, also using the four-point scale.

The definitions and formulas for validity indices were
guided by previous studies [28, 29]. The component-level
content validity index (C-CVI) was defined as the proportion of
raters who assigned a rating of 3 or 4, calculated as the number
of raters scoring 3 or 4 divided by the total number of raters.
The scale-level content validity index (S-CVl/ave) was defined
as the mean of the scale-level C-CVI values across the four
components, calculated as the sum of all C-CVI values in that
scale (e.g., relevance) divided by the number of components
(i.e., 4). The same procedure was applied for face validity,
yielding the component-level face validity index (C-FVI) and the
scale-level face validity index (S-FVI/Ave). With five expert
raters, the acceptable S-CVI/Ave value is 1.00 [30, 31], while
with 14 Orang Asli Community members, the acceptable S-
FVl/ave threshold is at least 0.83 [32].

Alpha 1 Prototype

In this stage, the game is complete in function but lacks any
form of finished art. The aim of the alpha 1 prototype testing is
to evaluate the game’s functionality and limitations. Firstly, an
in-house “game-breaking” session was conducted with two
individuals from the research team to review the game
mechanics.

Then, an initial usability test was conducted with 14
individuals who are not members of the target population.
Health professionals, doctoral students in public health, and
their family members were recruited through snowball
sampling, with all participation being voluntary. The aim was
to identify apparent usability issues, such as whether players
understand the game, find it easy to play, and enjoy it. This will
enable subsequent testing to concentrate on more succinct,
population-specific issues.

This usability testing involved a diverse set of age groups
and educational backgrounds, ranging from five to 40 years
old. It was conducted in two sessions, each lasting between 15
and 30 minutes, with 5 to 8 participants per session, using the

modified think-aloud method. In this method, players verbalize
their views on the game only when they encounter difficulties
or have thoughts to share, moderated by the researcher to
minimize disruption to the gameplay. The researchers
observed and documented the expressed opinions and
sentiments, which helped to gain insights into the gameplay for
improvements.

Alpha 2 Prototype

Alpha 2 incorporates the modifications identified in alpha
1, and following that, a second round of usability testing is
conducted. The modified think-aloud method was also
employed, in addition to unstructured interviews.

The usability testing involved four Orang Asli individuals
and one JAKOA representative. The Orang Asli participants
were recruited from two different villages selected by simple
random sampling using computer-generated numbers.
Participation was voluntary and involved village leaders and
committee members.

The aim was to identify and address any population-
specific usability issues. It was conducted in two sessions,
followed by face-to-face interviews to verify the participants
understood the learning objectives and to gather feedback on
cultural representation in the preliminary artwork sketches.
Consultation for design, artwork and cultural appropriateness
also continued iteratively through text messaging until
consensus was reached.

Beta Version

The majority of intense development occurs during this
stage. In this stage, all the feedback from the previous stages is
accounted for, and all elements of Wabak X are completed,
including game mechanics, design and artwork. This round of
usability testing aims to ensure it is comprehensible and
playable for regular Orang Asli Community members.

Households were recruited from the same Orang Asli
villages involved in the alpha 2 stage, but participants were
individuals who had not taken part in earlier stages. Village
leaders and committee members assisted in approaching
households, and participation was voluntary.

Usability testing involved 18 Orang Asli households. A self-
administered questionnaire on understanding and enjoyment
was used. Trained research assistants were available to help if
needed or to conduct interviewer-administered sessions for
those who preferred them.

Final Build

No changes were made at this stage. An in-house final
check of Wabak X was conducted, including double-checking
the spelling, design and artwork for the final build. The final
build of Wabak X was subjected to a final round of usability
testing involving 42 households. The aim is to verify that the
game is acceptable to the target population and functions as
intended in the real world. Households were recruited from
different Orang Asli villages not involved in the earlier stages.
Villages were randomly selected using computer-generated
numbers, and recruitment was voluntary with the assistance of
village leaders and committee members.

Usability of the final build was assessed by eight domains:
affective attitude, burden, ethicality, cultural appropriateness,
perceived effectiveness, self-efficacy, visual and themes, and
general acceptability, using a self-administered adapted
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Table 1. Game mechanics that reflect the learning objectives, HBM constructs, and corresponding cards

LO Game mechanics IBHBM Cards
1. To make Players collect five key items essential for household outbreak preparedness: (1) fever e Perceived e Item cards
people remember medications, (2) disinfectants, (3) personal protective equipment, (4) wound care items, benefits e Preparedness

the items needed and (5) important household documentation, which includes household preparedness

in an outbreak plans and a list of essential service contacts and family members. Each set of the five items

preparedness kit can be exchanged for one preparedness card. Each preparedness card carries the
possibility of 1 or 2 scores. Collected preparedness cards are placed face-down in front of
the player and made visible to all other players.
At the end of the game, players flip open their preparedness cards, and the player with the
highest accumulated preparedness score wins.

o Self-efficacy

cards

2. Toinform Players who have an animal action card in hand can use it to bring the disease X card into  Perceived
people that gameplay. This signifies the predicted zoonotic transmission of disease X. The disease X~ severity
animals can card is then placed in front of the next player, visible to all other players, to indicate that

transmit disease X they have been infected with disease X, and they will not be able to make any moves or
to humans collect preparedness cards.

o Action card
(animal)
o Disease X card

3. To make Players who have the animal action card in hand can use it to bring the disease X card into Perceived
people aware that gameplay at any point during the game. More than one disease X card is allowed in

the occurrence of gameplay at a time. This signifies that disease X can occur unpredictably and can infect

disease X and anyone. However, each player can only be infected with one disease X card. If the player
outbreaks are who is supposed to receive the disease X card already has one in front of them, the card

unpredictable should be passed to the next player.

susceptibility

e Action card
(animal)
¢ Disease X card

To highlight that  If a player who is supposed to receive the disease X card uses an item card or hand hygiene Perceived
disease X can be  action card to protect themselves, the disease X card is instead passed to the next player.
passed to others, This signifies transmission of infectious disease through close contacts.

susceptibility

¢ Disease X card
o Item cards
e Action card

especially those
nearby

(hand hygiene)

To show that

protect from
disease X and
outbreaks

Players can protect themselves from the disease X card by using any one of the item cards Perceived
preparedness can or a hand hygiene action card and passing the disease X card to the next player. Players
can also use the health authority action card to remove one disease X card from gameplay,
even from other players, but this must be done during their own turn. These actions signify
how having preparedness items in hand, practicing good hygiene, and quick response in
contacting health authorities can provide protection.

¢ Disease X card

e [tem cards

o Action card
(hand hygiene,
health
authority)

benefits

Note. LO: Learning objectives & IBHBM: Individual beliefs of the HBM

questionnaire [33]. Trained research assistants were available
to offer help if needed or to carry out interviewer-administered
sessions for participants who preferred this option.

RESULTS

Pre-Development and Storyboarding

The first stage identified the need for a serious game in a
non-digital format that can educate and empower Orang Asli
families on outbreak preparedness. The game should be
playable by a wide age group and both genders, regardless of
educational background. It must be in Malay, yet inclusive of
illiterate individuals, as long as they are able to understand the
game rules. It must not require internet access, electronic
devices or prior gaming experience. The game also needs to be
a type familiar to the Orang Asli and capable of incorporating
cultural elements. Consequently, a card game that attempts to
fulfill all of the aforementioned criteria was conceptualized and
named Wabak X.

The established learning objectives of Wabak X are

(1) to make people remember the items needed in an
outbreak preparedness kit,

(2) toinform people that animals can transmit disease X to
humans,

(3) to make people aware that the occurrence of disease X
and outbreaks are unpredictable,

(4) to highlight that disease X can be passed to others,
especially those nearby, and

(5) to show that preparedness can protect from disease X
and outbreaks.

The game consists of four types of cards: item card, action
card, preparedness card, and disease X card.

The goal of Wabak X is simple: players need to collect five
key items to be able to exchange them for one preparedness
card. Each preparedness card carries the possibility of 1 or 2
scores. The player with the highest preparedness score
collected at the end of the game is the winner. Table 1
describes the game mechanics, which represent the learning
objectives and individual beliefs of the HBM on which it is
grounded, as well as the corresponding cards.

The majority of the Orang Asli ethnic group in Selangor is
Proto-Malay, with the main sub-group being Temuan. While
each ethnic group have some cultural differences, most
aspects are similar. Thus, Wabak X artworks incorporated
Temuan features while still designed to be inclusive of Orang
Asli culture as a whole. Additionally, the SMEs strongly advised
that the disease X card should not be depicted as a spiritual
entity, to avoid superstitions that might discourage people
from playing.

Additionally, validation showed that all four components of
the game were rated by experts as highly relevant to the
objectives (S-CVl/ave = 1.00), clear (S-CVl/ave = 1.00), and
comprehensible (S-CVI/ave = 1.00). Similarly, assessments by
Orang Asli community members indicated that the
components were relevant to community needs (S-FVI/ave =
0.98), clear (S-FVI/ave =0.96), and comprehensible (S-FVI/ave =
0.96). These values demonstrate excellent content and face
validity [30-32].
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Figure 2. Early concept design showing numbered icons on the
lower right of the item cards (Source: Authors’ own
elaboration)

Alpha 1 Prototype

Initial usability testing (n = 14) suggested that the game is
ideally played with three to six players, is best suited for ages 7
and above, and the total game duration will take
approximately 30 minutes. It was also determined that an extra
action card was needed to make the game dynamics more
enjoyable.

One of the learning objectives of Wabak X is for players to
recall the essential items needed to assemble an outbreak kit.
The alpha 1 prototype’s design included numbered icons on
the item cards intended to aid in memory retention (Figure 2).
However, it was observed that the players were more focused
on collecting the numbers rather than memorizing the items.
Hence, it was decided that the numbered icons on the cards
should be removed.

Alpha 2 Prototype

Alpha 2 usability testing (n = 5) confirmed the game is
usable for the Orang Asli Community, culturally-appropriate
and able deliver the five learning objectives. Suggestions for
artwork included those related to both cultural and real-world
accuracy. Selected early sketches and the revisions are shown
in Figure 3.

For cultural accuracy, suggestions included depicting the
Tok Batin (village head) as older with a darker skin tone and
changing the tempok (headgear) to a more accurate style for
the Temuan. The hunter using the sumpit (blowpipe) should be
shown actually performing the act of blowing the sumpit,

(a)

Figure 3. Examples of early sketches and their revisions: (a) Tok
Batin, (b) Sumpit (Source: Authors’ own elaboration)

rather than just holding it. Additionally, the anyam (weaving)
design was revised to feature a weave style and colors
authentic to the Temuan.

For real-world accuracy, suggestions included depicting
animals as neutral rather than malicious, illustrating
characters undergoing quarantine with a pink bracelet similar
to those used during home quarantine in Malaysia’s COVID-19
response, and having health authority characters wear masks
to model good practices during outbreaks.

Beta Version

The beta version stage had complete game mechanics and
artwork. Detailed game rules and instructions are provided in
the Supplementary File. Beta usability testing (n = 18)
demonstrated comprehensibility and playability of Wabak X.
Results revealed that 83.3% of Orang Asli families regarded the
game as fun and 88.9% understood the learning objectives.

Final Build

The final build featured the completed design, ready for
commercial printing. Final build usability testing (n = 42)
demonstrated positive findings. 85.7% of the Orang Asli
families found Wabak X card game overall acceptable and no
ethical concerns were reported. 92.9% reported gaining new
knowledge, and 88.1% expressed self-efficacy in applying what
they learned after playing Wabak X. 76.2% agreed the
instructions were clear, however, 7.1% found the game to be
difficult, highlighting the potential for improved instructional
clarity. Table 2 shows the detailed results. The gameplay setup
of Wabak X final build is shown in Figure 4.

Card piles are placed in the center of the table as shown in
Figure 4:item and action cards draw pile (upper left), item and
action cards discard pile (upper right), disease X card draw and
discard pile (lower left; draw from the top and discard to the
bottom), and preparedness card draw pile (lower right).
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Table 2. Usability testing of Wabak X final build (N = 42)

Domain/item

M-l FA *P

1. Affective attitude

1.1 Do you like or dislike the Wabak X card game? (1: Strongly dislike, 5: Strongly like)

1.1 Adakah anda suka atau tidak suka permainan kad Wabak X?

5(0) 37 88.1

1.2 Do you want to play the Wabak X card game again? (1: Not at all, 5: Really want to play again)

1.2 Adakah anda mahu bermain permainan kad Wabak X lagi?

5(1) 37 88.1

1.3 Would you recommend others to play the Wabak X card game? (1: Not recommend at all, 5: Highly recommend)
1.3 Adakah anda akan rekomen/syorkan orang lain main permainan kad Wabak X?

5(1) 36 85.7

2. Burden

2.1Is the Wabak X card game difficult to play? (1: Not difficult at all, 5: Very difficult)

2.1 Adakah cara main kad Wabak X susah?

2.2 Are the instructions for the Wabak X card game clear? (1: Not clear at all, 5: Very clear)

2.2 Adakah arahan main kad Wabak X jelas?

5(1) 32 76.2

2.3 Is the Wabak X card game balanced between challenge and fun? (1: Not balanced at all, 5: Very balanced)

2.3 Adakah permainan kad Wabak X seimbang mencabar dan seronok?

5(1) 34 81.0

3. Ethicality

3.1 Does Wabak X card game have a negative impact on Orang Asli community? (1: No negative impact, 5: Major negative impact)
3.1 Adakah permainan kad Wabak X memberi kesan buruk kepada masyarakat Orang Asli?

4. Cultural appropriateness

4.11s the Wabak X card game appropriate for the Orang Asli culture? (1: Not appropriate at all, 5: Very appropriate)
4.1 Adakah permainan kad Wabak X bersesuaian dengan budaya masyarakat Orang Asli?

5(0) 36 85.7

4.2 Is the artwork of the Wabak X card game appropriate for the Orang Asli culture? (1: Not appropriate at all, 5: Very appropriate)
4.2 Adakah lukisan permainan kad Wabak X sesuai dengan budaya masyarakat Orang Asli?

5(1) 36 85.7

5. Perceived effectiveness

5.1Is Wabak X card game effective in educating about disease X and outbreak preparedness? (1: Not effective at all, 5: Very

effective)

5(1) 36 85.7

5.1 Adakah permainan kad Wabak X berkesan dalam mendidik tentang persediaan Penyakit X dan wabak?

5.2 Did you learn something new about Disease X and outbreak preparedness from the Wabak X card game? (1: Learned nothing

atall, 2: Learned a lot)

5(0) 39 92.9

5.2 Adakah anda ada belajar benda baru tentang persediaan Penyakit X dan wabak daripada permainan kad Wabak X?

6. Self-efficacy

6.1 Are you confident in applying knowledge and skills learned from Wabak X card game? (1: Not confident at all, 5: Very

confident)

5(1) 37 88.1

6.1 Andakah anda yakin anda mampu menggunakan pengetahuan dan kemahiran yang dipelajari daripada permainan Wabak X?

7.Visual and themes

7.1 s the artwork of the Wabak X card game attractive? (1: Not attractive at all, 5: Very attractive)

7.1 Adakah lukisan permainan kad Wabak X menarik?

5(1) 36 85.7

7.2 Is the artwork of the Wabak X card game appropriate for the topic of outbreak preparedness? (1: Not appropriate at all, 5: Very

appropriate)

5(1) 37 88.1

7.2 Adakah lukisan permainan kad Wabak X sesuai dengan topik persediaan wabak?

8. General acceptability

8.1 Overall, how acceptable is the Wabak X card game? (1: Very bad, 5: Very good)
8.1 Secara am, bagaimanakah penerimaan anda terhadap permainan kad Wabak X?

5(1) 36 85.7

Note. M-I: Median (IQR); FA: Frequency of agreement; *P: Percentage agreement (%); & *Represents the percentage of participants who gave ratings

of 4 or 5 on the questionnaire’s 5-point Likert scale

Figure 4. Gameplay setup of the final build of Wabak X for four
players. Card piles are placed in the center of the table as
shown: item and action cards draw pile (upper left), item and
action cards discard pile (upper right), Disease X card draw and
discard pile (lower left; draw from the top and discard to the
bottom), and preparedness card draw pile (lower right)
(Source: Authors’ own elaboration)

DISCUSSION

The fundamental objective of serious games is to facilitate
knowledge transfer and skill building [17]. However, usability
issues can significantly affect user experience and,
consequently, learning outcomes. Therefore, a structured
approach is crucial in the development and evaluation of
serious games. The framework established by Olsen et al. [26]
offers serious game developers a systematic and practical
approach for incorporating usability testing into their
development processes. Numerous studies have adapted this
framework for the development and evaluation of serious
games, but the focus has primarily been on electronic formats
aimed at healthcare professionals or patients to improve care
and the management of chronic diseases [34-36]. Wabak X is
the first non-digital serious game known to be developed and
tested using this framework.

Educating and empowering the Orang Asli in disease
prevention represents an ongoing public health challenge due
to their unique circumstances and cultural context [12]. This
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study demonstrates that an innovative approach such as
Wabak X has the potential to overcome this barrier.
Participants from Orang Asli families in this study believed
Wabak X is effective for educating on outbreak preparedness,
and they expressed confidence in applying the knowledge
acquired from the game. Card games, while rarely utilized in
preparedness education initiatives, have demonstrated
efficacy in education of factual subjects and as a supplement
to lectures [37-39]. This study illustrates that Wabak X can
facilitate the transfer of knowledge and skills related to
outbreak preparedness at the household level, serving as a
supplementary tool for current community preparedness
initiatives.

Wabak X stands out as a pioneering serious card game for
the underserved Orang Asli Community. The design is
grounded in evidence, community needs, and capabilities. The
initial stage identified the need for a serious game intervention
that is accessible and specifically tailored to the unique
circumstances of the Orang Asli. Although serious mobile
games have potential for reaching underserved populations, a
systematic review highlighted significant challenges to their
application in rural settings. These challenges include
prohibitive costs, limited internet access and reliance on the
English language [40]. Despite significant advancements and a
spotlight on digital interventions, such approaches are not
ideal for indigenous populations like the Orang Asli. Hence,
delivering Wabak X in a low-tech format was an appropriate
decision to maximize accessibility in low-resource settings and
rural communities.

Additionally, this study reveals that a significant proportion
of Orang Asli families regarded Wabak X’s game mechanics as
clear, comprehensible, engaging and well balanced between
challenge and enjoyment. A minority of participants reported
finding the game challenging, but since the proportion is less
than 10%, this suggests that the difficulty level is appropriate
for serious games [41]. To further improve clarity, a video in
casual Malay could be produced to explain the game
instructions.

This study presents several limitations. Firstly, Wabak X
was specifically developed and tested with the Orang Asli in
Selangor, which may restrict its generalizability to other
populations, including Orang Asli from different regions or
other Indigenous communities with different sociocultural
contexts or health system access. Secondly, adaptations may
be needed to address differences in subgroup ethnicities,
language, and cultural practices. While Wabak X attempts to
cover infectious disease and potential novel outbreaks, its
concepts are based on the presumption that disease X will be
zoonotic; hence, outbreaks from other causes, such as vector-
borne or food- and water-borne diseases, may not be
sufficiently addressed by this game. Moreover, the relatively
small sample size further limits the extent to which the findings
can be generalized. Furthermore, this study evaluated only
perceived effectiveness, which may not reflect statistically
robust, measurable outcomes. Future studies should therefore
assess its impact through controlled intervention studies and
explore tailoring the game for different Orang Asli subgroups,
the broader Malaysian population and a wider range of
outbreak scenarios.

CONCLUSIONS

Wabak X is a card-based serious game that is well-accepted
by Orang Asli families in Selangor, culturally appropriate, and
user-friendly, with high perceived knowledge and self-efficacy
for outbreak preparedness at the household level. It is well
suited for remote and low-resource communities. While further
refinement of the instructions could enhance usability, Wabak
X is nevertheless an innovative initiative that serves as a
valuable educational tool for disease X and outbreak
preparedness for the Indigenous Orang Asli Community.
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