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ABSTRACT

There are a variety of educational games produced for studies in game-based learning (GBL) with a specific design to
achieve the most efficient stage of learning for school students. However, there is a lack of evidence showing the most
suitable and effective game element instilled in the GBL STEM application. Most of the papers studied on GBL have proven
the effectiveness aspect in other STEM subjects, however very little discussed in the domain of sustainable energy. Thus,
this study aimed to analyse the most common game element applied in designing GBL that achieved the best result for
students in learning the STEM subjects. Each game element targeted a different kind of learning results such as student’s
learning performance, knowledge level, cognitive effect, and enjoyment. A systematic review was conducted following the
specification of the PRISMA checklist to examine past studies. After carefully screening the articles, only twelve published
articles met the specification. The finding showed that most common game elements included in designing the GBL,
dominated by the level of challenges, followed by rewards/items, feedback, clear goal and time pressure. The finding also
included the percentage of most STEM subject studied in GBL and the impact from the GBL STEM application. This review
hopes to assist researchers in making a better decision when designing a game application for GBL in sustainable energy

subject, from the aspect of students’ age and gender.
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INTRODUCTION

Science, Technology, Engineering, and Mathematics
(STEM) domain has been deemed to be crucial to prepare
Malaysian children for the demanding workforce (Academy
of Sciences Malaysia 2015). The need for innovative and
educational initiatives for STEM disciplines are critical
as Malaysia has to stand out in the competitive and
increasingly global market. Based on the Economic Outlook
2019, the Ministry of Finance Malaysia has given out the
statistical table on labour market where the employment
of professional, scientific and technical increases by only
12.2% in five years range from 2014 to 2018 (Ministry
of Finance Malaysia 2019). Renewable energy has been
incorporated in the Malaysia Plans from 2001. Due to
the rising concern from the global community regarding
climate change, renewable energy is included as the Fifth
Fuel in the energy mix (Academy of Sciences Malaysia
2017). However, the students’ interest in the STEM subject
in Malaysia is declining. There were only 44% of students
chose STEM streams in 2018, compared to 48% in 2012
(Mestecc 2019). Students shall be equipped with the set of
knowledge and enthusiasm to fill in the variety of increasing
renewable technology sector such as biogas (Kamarudin
et al. 2018) and fuel cell (Hil Me et al. 2020). Thus, the
Malaysia education system needs to be conscious by this

triggering scenario and starts focusing on nurturing STEM
interest in students (Ministry of Education Malaysia 2013)
so that local development of renewable energy sector can
be realized.

Game-based learning (GBL) describes an environment
where game content and gameplay enhance knowledge
and skills acquisition, and where game activities involve
problem-solving spaces and challenges that provide players/
learners with a sense of achievement (Qian et al. 2016). In
order to support the learning process, design of educational
games need to integrate cognitive technique for students,
into the game mechanism, which can make learning
become more engaging and leads to more effective learning
(Gauthier et al. 2015). Thus, GBL offers a new way of
learning that combines the element of game mechanism into
an educational way that comprises the learning context that
can bring learning process to become easier yet powerful
enough to enhance students’ learning progress.

There has been significant development in GBL in
the past decades for STEM subject such as Mathematics,
Science, Technology and Computing (Boyle et al. 2016;
Crompton et al. 2018; Hamari et al. 2016; Ibafiez et al. 2018;
Kiili et al. 2018; Kim et al. 2015; Malliarakis et al. 2014).
Though many studies have shown the positive impact of
GBL (Abdul Jabbar et al. 2015; Chang et al. 2017; Chen
et al. 2016; Mclaren et al. 2017; Yeh et al. 2019), the game


mailto:mimihani@ukm.edu.my

560

design varies, and some of the elements are frequently used
to give practical impact to the users. Based on a study,
an effective design of gamification in digital learning is
not a simple direct process (Fitz-Walter et al. 2017). It is
essential to explore the best implementation of game-like
rule systems and player experiences in order to gain insights
about the potential of gamification in education (Lee et al.
2011). Exploring new ways to implement gamification in
learning contexts, so it is not limited to extrinsic rewards is
particularly crucial. When gamification is well designed and
correctly utilized, it has the potential to improve learning
(Dicheva et al. 2015; Zydney et al. 2016). Thus, GBL is said
to be an excellent platform of learning for school-children,
but the potentiality of a successful game still depends on the
design of the game itself.

As in STEM learning, there is a need for a student to
be guided by an engaging learning platform (Amadio
2015; Mohd Shahali 2016). The 21%-century skills, which
includes the digital age literacy proves that students from
this Z generation tend to be attracted to the technology
assist in learning (Salehudin et al. 2015). While the mobile
game is one of the youngster’s phenomena at present, the
implementation of GBL has been proven to be educationally
efficient and suitable to improve student’s knowledge and
enhance the particular field of interest (Nordin et al. 2017,
Qian et al. 2016; So et al. 2018). Students achieved better
in GBL through game’s experience so that they can learn
significantly more (Brezovszky et al. 2019; Mclaren et
al. 2017; Sung et al. 2017). Though STEM education is a
challenging subject (Briggle et al. 2015), the element of
fun in the game for learning will help to motivate students
with higher interactivity so that they can enjoy learning
while gaining more knowledge (Abdul Rabu et al. 2017;
Barhoumi 2015; Mohd Shahali et al. 2017).

RELATED WORK ON ENERGY AND ENVIRONMENTAL
GAME-BASED LEARNING

Recent research shows that digital games have potential
in increasing the awareness in sustainable energy, energy
efficiency and environment (Beck et al. 2019; Madani et
al. 2017; Morganti et al. 2017). For example, Morganti et
al. (2017) reviewed studies done on energy efficiency and
environmental awareness digital games by highlighting the
effectiveness, key features, and the game successfulness
impact. They found that both gaming methods: the serious
games and the gamification, can engage users in pro-
environmental and increase the level of awareness related to
energy efficiency, either in mobile phone or web platform.
Interestingly, serious games and gamification can be defined
differently except the fact that both methods are focusing on
employing the game element to support the way of learning
and changing the situation experienced. A serious game is
a method of a learning experience in a game-like context.
As the main game mechanics of serious games are rules,
choices, challenges, and fantasy, it has shown the potential
in improving people’s ability in the real-world task by

preparing the real challenges in the game (Arnab et al. 2015;
Carvalho et al. 2015; Morganti et al. 2017). Meanwhile,
gamification refers to design strategy where game elements
are used in non-context to encourage changes in learners’
behaviour (Dicheva et al. 2015; Fitz-Walter et al. 2017).
In other words, the more lessons or courses completed, the
more badges users can earn, the higher the motivational
value for the user to achieve the goal (Chang et al. 2016).

Beck et al. discovered that the potential of the game
element had not been utilized sufficiently from 57 energy-
related apps. The user app ratings increase with the increased
use of gamification component. However, the game element
and gamification components are not utilized extensively by
the developers. Thus, they recommended a more hedonic
experience for the game apps and more sophisticated
elements of game design used in developing the game (Beck
etal. 2019). The level of complexity in a game design, which
contains meaningful lessons is insufficient, hence requires
implementation in GBL. There are many educational games
with simple designs. However, they focus narrowly on
learning content and do not utilize the potential function of
a game for learning. These matters lead to failure to engage
the student on their learning (Qian et al. 2016).

Therefore, there has been a rise in implementing the
GBL within the energy and environmental education for
students (Bursztyn et al. 2015; Ferndndez-Cerero et al.
2018; Johnson et al. 2017). Knowledge on infusing the right
game elements in those GBL for nowadays gaming style
for educational and learning is essential. The studies have
proven in the existence of a positive impact on multiple
aspects such as cognitive impact, learning experiences,
and knowledge gain. However, it is not clear, which of the
elements are best for GBL. By observing the five years latest
trend (2015-2019) from the studies on GBL, the most popular
and commonly used game elements by game developers
related to this study will be examined thoroughly.

GAME ELEMENT IN GAME-BASED LEARNING

Game elements are the design elements used in hedonic
games (Beck et al. 2019). The game elements used from
a review on an energy-apps game by Beck et al. consist of
the use of avatars, three-dimensional (3D) environments,
narrative context, feedback, reputations (divided into
rank/leaderboard and levels), marketplaces, competition,
teams, communication systems, and time pressure (Beck
et al. 2019). Some of the game element can be a part of
gamification component. As mention before, gamification
is the use of the game element in a non-context of games.
Some context overlaps between the gamification component
and game elements, including feedback, leaderboard, levels,
and story. Aldemir et al. implemented their game design
by categorizing the game elements, which are dynamics,
mechanics, and component. Under these categories, the
applied game elements are points, badges, leaderboards,
challenge, narrative, reward, teams, win-state, and constraint
(Aldemir et al. 2018). However, the three categories were



seen used differently in different studies as they are applied
based on the aim of the studies. Therefore, the dynamics,
mechanics, and the component are unacceptable as a
classification for game design elements as other studies
used the game element without categorizing the elements
into different parts (Dicheva et al. 2015). Dicheva et al.
also discovered that there is not yet commonly agreed on
the classification of game design elements (Dicheva et al.
2015).

In order to achieve the educational content points from
GBL, it is essential to understand the system flow. The flow
could be inclusive of game-like rule systems and player
experiencing the challenges in the game that can help in
achieving the targeted potential of the game (Aldemir et
al. 2018). However, the game cannot attain the objective
for better learning performance if extensive gamification
mechanics were applied (Chang et al. 2016). Other than the
game-like rule systems and player experience, a personal
characteristic such as gender, studying habits and game-
playing habits through the presence of a game element, can
change depending on the way the students value the game to
aid the learning context (Gauthier et al. 2015).

Elements in game design can lead to active learning
by establishing learning theories in the game (Aladé
et al. 2016; Caglar et al. 2015; Qian et al. 2016). In a
systematic review from 137 papers on GBL, the common
elements of game design identified are collaboration, role-
playing, exploration, narrative, complexity, competition,
strategy, challenge, clear goals, communication, discovery
and immediate feedback. Above all, collaboration, most
likely the element used followed by role-playing. As the
collaboration can give impact to engage the player in social
interaction, it leads to persistence of role-playing which can
give the player a sense of identity that can enhance students’
real-world competency (Qian et al. 2016).

The game element applied in non-game context
(Chang et al. 2016; Gonzalez et al. 2016; Md Basri) is to
make the game more exciting and to encourage behaviour
change. This strategy has been done in learner logbook
smartphone application for young drivers (Fitz-Walter et
al. 2017). Although there was no significant change in user
behaviour, perceived motivation, and user experience were
studied. Thus, by implementing the correct game element
suitable with the context of learning, students will be able
to learn more, while achieving the context of the gameplay
(Carvalho et al. 2015; Hsu et al. 2018). For example, a web-
based study aid has been integrated with a game element
entitled Vascular Invaders to support medical students’
in understanding the human vascular anatomy. Students
showed the interaction between the game played (measured
as completed task) with the game element: leader views,
collecting items as a mini goal and used power-ups. They
accessed these elements continuously throughout the game
even though it was not necessary to complete the task
successfully. The result showed engagement in a gameplay
experience where the act of continuity seen from the player
(Bray et al. 2016). Thus, the study concluded that the
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presence of a game element in a non-game context could
influence students’ learning behaviour in an interactive way
(Gauthier et al. 2015; Tsai et al. 2016).

MANUSCRIPT SELECTION PROCESS

Four online research database: ScienceDirect, Scopus,
Springer and Google Scholar, were used as a platform to
find relevant literature sources. Papers on the subject of
digital games for the educational purpose were collected and
narrowed down by screening according to specification for
this review paper. PRISMA recommendation for systematic
literature analysis, as shown in Figure 1, was applied in
order to avoid bias (Moher D 2009; Morganti et al. 2017).
The paper abstracts and titles were selected, and the full
papers later analyzed so that they meet the inclusion criteria.
The papers were examined based on the following criteria:
a) STEM subject research article; b) information about the
element of game-used and c) published in recent years
(2015 until 2019 years range).

ANALYSES AND CATEGORIZATION OF GAMES

Articles that met the researcher’s specification were
analyzed using a qualitative content analyses method. The
game categorization was made based on the primary purpose
of each game, which revolves within the STEM discipline
domain. Papers are selected based on educational games and
serious games developed for educational purpose.

RESULT AND DISCUSSION

This section presents the results, focusing on the applied
element in game design for STEM subject and the factors
influencing the game element used in designing the game.

GENERAL FINDING

Table 1 shows the general information of the paper reviewed.
The 12 original papers identified for review were diverse in
domain, participant age range, journal publication year, and
the number of participants. Specifically, participants from
the study reviewed covered a wide range of ages: primary
education (42%), followed by middle education (25%),
elementary (17%), and higher education (17%). The highest
number of science domain observed was from Science
(42%) followed by Mathematics (25%) as well as Computer
(25%) and Technology (8%).

ELEMENT OF GAME-USED FOR DESIGNING GAME

Previously, a review shows the use of roles of avatars,
virtual environments, narratives, animations, and graphics
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Google Scholar
23 citations

Science Direct Research Gate Springer
75 citations 29 citations 7 citations

e, S

134 non-duplicate
citation screened

Inclusion/ 113 Record

exclusion CPfcluded after
criteria applied title/abstract

screen
21 articles
retrieved
A 4

Inclusion/ 9 records

exclusion excluded after
criteria applied fulltext screen

A 4
12 articles
included

FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) (Moher D, 2009)

TABLE 1. Background information on the reviewed article

Author Journal Science domain Educational level No. of
students
Aldemir et al. (2018) Computers in Human Behavior Technology Higher education 118
Brezovszky et al. (2019) Computers & Education Mathematics Primary 1168
Derboven et al. (2016) Entertainment Computing Mathematics Primary school 8
Gauthier et al. (2015) Computers in Human Behavior Anatomy Higher education 46
Gilliam et al. (2017) Journal of Science Education and Health Science Middle school 144

Technology

Howland et al. (2015) Computers & Education Computer programming  Middle school 55
Law et al. (2016) Computers & Education Sciences Middle school 105
Lester et al. (2014) Computers & Education Information Sciences Elementary 800
Martinovic et al. (2016) Computers in Human Behavior - Primary 41
Mclaren et al. (2017) International Journal of Game-based Mathematics Primary 213
Learning
Simdes Gomes et al. (2018) International Journal of Child-Computer Computer Primary 42
Interaction
Taub et al. (2018) Learning and Instruction Science Higher education 64
CHALLENGE

for playful learning and discoveries, were most utilized in
GBL (Abdul Jabbar et al. 2015). Table 2 shows the game

elements’ combinations found in several papers.

Figure 2 presents trends of game elements used in
GBL from 5 years range starting from 2015 until 2019. The
finding showed that the most common game elements used
were the challenge followed by rewards/items, feedback, a
clear goal, and time pressure.

In Figure 2, the game element of challenge is the most
popular game elements used in developing a game for
education purpose between the year of 2014 until 2018. The
challenge element can create a competitive collaboration
and can help the player to self-assess (Ronimus et al.
2014). Challenges also give player reinforcement for



TABLE 2. Game elements used by other researchers

563

Elements ~ Authors

Badges Aldemir et al. (2018), Hew et al. (2016),

Challenge level Howland et al. (2015), Lister (2015), Chen (2016), Derboven et al. (2016), Law et al. (2016), Martinovic et al. (2016),
Sung et al. (2017)

Clear goal Chen (2016), Derboven et al. (2016), Martinovic et al. (2016), Sung et al. (2017),

Clear rule Chen (2016), Martinovic et al. (2016)

Exploration Lester et al. (2014), Mclaren et al. (2017)

Feedback Chen (2016), Martinovic et al. (2016), Sung et al. (2017), Brezovsky (2019),

Leaderboards Aldemir et al. (2018), Dicheva et al. (2015), Gauthier et al. (2015),

Mini-games Derbovan et al. (2016), Gauthier et al. (2015)

Module-based
Multiple lives
Narrative
Rewards or items
Power-ups
Role-playing
Scaffold

Score

Time pressure

Law et al. (2016), Sung et al. (2017),
Martinovic et al. (2016),
Aldemir et al. (2018)

Aldemir et al. (2018), Lester et al. (2014), Dicheva et al. (2015), Derboven et al. (2016), Hew et al. (2016)

Lester et al. (2014), Gauthier et al. (2015)

Howland et al. (2015)

Law et al. (2016), Martinovic et al. (2016), Sung et al. (2017),
Gauthier et al. (2015)

Aldemir et al. (2018). Brezovszky et al. (2019). Lester et al. (2014), Derboven et al. (2016)

Game elements used in game-based learning (GBL)

10 from 5 years recent paper

Frequency

Game elements

Clear goal
m Badges
B Module-based

m Challenge ® Rewards/items ™ Feedback

m Time pressure ™ Leaderboard  mScaffold

m Clear rule H Exploration ® Mini games
= Power-up Multiple lives

Role-playing Score

FIGURE 2. Game elements reported in the studies

reading the content and exploring the needed points from
the game (Aldemir et al., 2018). Participants perceptions
have been observed and recorded based on game elements.
Though challenges are necessary for a gamified learning
environment, the challenge may not suit with students’
abilities, which eventually reduce the engagement and
learning as they are frustrated with the result (Abdul Jabbar
and Felicia, 2015). The challenges affect participants in
many ways as their perceptions were categorized based on
their engagement, team skills, collaboration, challenge type,
and repetitiveness.

REWARDS OR ITEMS

The rewards/items are related to digital points or points (for
short), refers to a token that can be collected by users. The
tokens can be used as a status indicator, to unlock access
to certain content, or to spend on virtual goods or gifting
(Hew et al. 2016). These points can also be in terms of items
that will be rewarded to the player in a specific condition.
Aldemir et al. (2018) reported in their paper that the majority
of the participants like the rewards provided in the game. As
in participation, the rewards help to motivate participants
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in online and in-class activities. However, the rewards are
highlighted as an element that needs to continuously and
systematically be in the game (Ronimus et al. 2014). For
instance, the participants commented for each activity in
a gamified learning environment, to have value and points
collection.

FEEDBACK

Johnson et al. (2017) reveal the results of the game element
used from 25 primary studies on energy consumption
related games collected from the year 2007 until 2014.
From Figure 3, the feedback element has the highest
frequency of application in energy consumption related
games. They reported that the feedback has been useful
in promoting energy conservation, as it has become an
effective strategy for user encouragement. In the order of
application frequency, the game element feedback was the
highest, followed by challenges, social sharing, rewards,
leaderboards, points, tips, level, rankings, avatars, badges
and user-generated content.

CLEAR GOAL

Some research defines the goal or a game objective as
a gamification component rather than a game element.
However, most researchers agree that a goal for a GBL is
included as a game element (Nacke et al. 2017). Based
on Chen et al. (2016), their game showed a clear goal on
learning the concept of force and motion in Physics. The
game helped targeted students to focus on the chosen topics
and to avoid distraction from other topics. Martinovic et
al. (2016) classified one of the good qualities of computer
games is having a clear goal that matched the player skill
level. Thus, their research highlighted that engagement in
gaming is related to game performance.

TIME PRESSURE

Time pressure element is significant in a way that player
has to divide their attention between solving the task and
the game mechanics, such as shooting and avoiding traps.
The time pressure will create a situation where players have
to be fast but at the same time, not losing focus towards the
given task (Derboven et al. 2016; Ronimus et al. 2014).

AFFECTING FACTORS FOR THE GAME ELEMENTS
USED IN DESIGNING THE GAME

The study aimed to investigate the most popular game
elements used in STEM GBL in recent years.

Thus, reviewed papers show the significance of the
impact of game elements used in a GBL. As shown in
Figure 4, the highest impact from embedding the game

element in STEM GBL was in learning performance,
which is 33% followed by engagement (21%), knowledge
level (17%), motivation (13%), cognitive effect (8%) and
enjoyment (8%). The learning performance included the
learning effectiveness, identification of learning objective,
knowledge on STEM subject, increasing user awareness and
gaining conceptual knowledge. The impact of engagement
relates to user experience or attitude that they show towards
the applied games. The engagement also included the user
satisfaction and usability of the game (Johnson et al. 2017).
The impact of engagement and motivation has been proven
by Pesare et al. (2016) on their study for medical students in
STEM GBL learning. Meanwhile, the impact of enjoyment
(Aldemir et al. 2018; Fitz-Walter et al. 2017) and cognitive
impact (Chang et al. 2017; Huang 2011; Ku et al. 2016) also
has been mention in the studies.

The utilization of game elements has been discussed
on other related issues regarding users’ preferences for a
STEM GBL (Aldemir et al. 2018). From a more practical
perspective, students need to recognize the importance of
problem-solving game elements features. Whenever the
game developers manage to identify the vital requirements
for the learning process to occur and link to the user, a well-
connected of knowledge transfer can be developed, and
students can have the opportunities to practice in various
STEM topics. (Brezovszky et al. 2019). The added value
of GBL depends on the design process, where the learning
content integrated and not just added on top of the game-
based media (Rice et al. 2018). GBL will allow students
to interact with the content in a novel alternative way that
would otherwise be unavailable or difficult to achieve in the
traditional classroom practice (Arnab et al. 2015).

Currently, GBL is an accessible technology that
embedded STEM subject as the focus of research education.
Based on several studies, GBL triggers many potential
impacts on students learning. Briefly, GBL gives a positive
impact on engagement (Abdul Rabu et al. 2017; Aldemir
et al. 2018; Gauthier et al. 2015; Gilliam et al. 2017,
Ronimus et al. 2014), motivation (Aldemir et al. 2018;
Erhel et al. 2013; Huang 2011), in learning (Bano et al.
2018; Brezovszky et al. 2019; Qian et al. 2016; Zydney et
al. 2016), for enjoyment (Abdul Rabu et al. 2017; Kao et
al. 2017; Ronimus et al. 2014), and producing satisfaction
(Aldemir et al. 2018).

The game mechanics incorporated, have positively
affected the students’ cognitive and behavioural engagements
(Hew et al. 2016). Game mechanics used in the education-
related course, which are points, badges, and leaderboard
offer great help in motivating students to engage in the tasks.
It is essential to build students engagement to enhance in
students learning and participation (Abdul Jabbar etal. 2015;
Hew et al. 2016). A typical application for gamification that
leads to engagement is by making the tedious and repetitive
tasks in a lesson becomes more interactive and better as a
way of learning (Nacke et al. 2017; Pesare et al. 2016). The
game immersion also gives an impact on the GBL process
(Cheng et al. 2015).
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Frequency of use of applied game element

o ]
o o

Frequency
=
[=]

5
0
Game elements
B Avatars ® Chalenges
u Feedback Leaderboards
m Levels ® Rewards
B Social Sharing H Points
® Tips = Rankings
FIGURE 3: Adapted from Johnson et al. 2017
Motivation;
13% =
Learning
performance;
Engagement; 33%
2% O\
Enjoyment; N
Knowledge
Cognitive e level; 17%
effect; 8%
FIGURE 4. Impact of the game elements used
Fabian et al. reported that students learning Nevertheless, the activities in GBL must be carefully

performance and achievement interlinked with their
attitudes towards the use of the mobile device. Positive
results on attitude towards mobile technologies give a
positive result in terms of students achievement (Fabian et
al. 2016). The learning process has been made easier using
the GBL platform. The use of mobile digital game has been
proven to promote the effectiveness of learning (Boyle et
al. 2016; Heflin et al. 2017; Kao et al. 2017; Lister 2015;
Sung et al. 2016).

The results from this review have highlighted the
most popular game elements used in these recent five
years. The game elements stated are challenges, rewards or
items, feedback, clear goal, last but not least time pressure.
The importance of the game elements in engaging user
depends on how the game designer is utilizing those game
components and incorporate into the educational setting.
Thus, learning through a mobile application is still need to
be studied more in-depth, especially in sustainable energy
in Malaysia (Abdul Jabbar et al. 2015). As the researcher
aimed to develop a better GBL STEM in sustainable energy,
this review may help in guiding the process to create better
educational tools for STEM subjects.

developed so that the strengths of the mobile digital game
can be fully utilized to promote significant learning (Heflin
et al. 2017). Abdul Jabbar et al. suggested to consider
more sensory and playful in the learning experience if the
learning content can be accessed through a selection of
virtual characters, environments, narratives and multimedia
elements, (Abdul Jabbar et al. 2015). The learning process
can be gained whenever those elements are being integrated
and combined to facilitate players’ interest and keep their
focus maintained.

CONCLUSION

This study highlighted that the most popular and commonly
used game elements in STEM context within recent years
of 2015 until 2019 are the challenge followed by rewards/
items, feedback, a clear goal, and time pressure. The
collected data and informative finding in this study provided
insight into the game elements, which actively used for
STEM education and can assist in the development of other
GBL for students education. The motivating features of the
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game element might lead to the digital game becoming a
useful new method in students’ learning and empowerment.

ACKNOWLEDGEMENT

The authors would like to thank Universiti Kebangsaan
Malaysia for the financial support under the grant DIP-2018-
014.

DECLARATION OF COMPETING INTEREST

None.

REFERENCES

Abdul Jabbar, A. I. & Felicia, P.2015. Gameplay engagement and
learning in game-based learning: A systematic review. Review
of Educational Research 85(4): 740-779.

Abdul Rabu, S. N. & Talib, Z. 2017. The effects of digital game-
based learning on primary school students’ English vocabulary
achievement and acceptance. Innovative Teaching Learning
Journal 1(1): 61-74.

Academy of Sciences Malaysia. 2015. Science Outlook: Action
Towards Vision. Academy of Sciences Malaysia.

Academy of Sciences Malaysia. 2017. The Blueprint for Fuel Cell
Industries in Malaysia.

Aladé, F., Lauricella, A. R., Beaudoin-Ryan, L. & Wartella, E.
2016. Measuring with murray: Touchscreen technology and
preschoolers’ stem learning. Computers in Human Behavior
62: 433-441.

Aldemir, T., Celik, B. & Kaplan, G. 2018. Aqualitative investigation
of student perceptions of game elements in a gamified course.
Computers in Human Behavior 78: 235-254.

Amadio, M. 2015. Stem Education and the Curriculum: Issues,
Tensions and Challenge. Kuala Lumpur.

Arnab, S., Lim, T., Carvalho, M. B., Bellotti, F., De Freitas, S.,
Louchart, S., Suttie, N., Berta, R. & De Gloria, A. 2015.
Mapping learning and game mechanics for serious games
analysis. British Journal of Educational Technology 46(2):
391-411.

Bano, M., Zowghi, D., Kearney, M., Schuck, S. & Aubusson, P.
2018. Mobile learning for science and mathematics school
education: A systematic review of empirical evidence.
Computers & Education 121: 30-58.

Barhoumi, C. 2015. The effectiveness of Whatsapp mobile learning
activities guided by activity theory on students’ knowledge
management. Contemporary Educational Technology 6(3):
221-238.

Beck, A. L., Chitalia, S. & Rai, V.2019. Not so gameful: A critical
review of gamification in mobile energy applications. Energy
Research & Social Science 51: 32-39.

Boyle, E. A., Hainey, T., Connolly, T. M., Gray, G., Earp, J., Ott,
M., Lim, T., Ninaus, M., Ribeiro, C. & Pereira, J. 2016. An
update to the systematic literature review of empirical evidence
of the impacts and outcomes of computer games and serious
games. Computers & Education 94: 178-192.

Bray, A. & Tangney, B. 2016. Enhancing student engagement
through the affordances of mobile technology: A 21st century

learning perspective on realistic mathematics education.
Mathematics Education Research Journal 28(1): 173-197.

Brezovszky, B., Mcmullen, J., Veermans, K., Hannula-Sormunen,
M., Rodriguez-Aflecht, G., Pongsakdi, N., Laakkonen, E. &
Lehtinen, E. 2019. Effects of a Mathematics Game-Based
Learning Environment on Primary School Students’ Adaptive
Number Knowledge 128: 63-74.

Briggle, A., Britt Holbrook, J., Oppong, J., Hoffmann, J., Larsen,
L. & Pluscht, P. 2015. Research Ethics Education in the Stem
Disciplines: The Promises and Challenges of a Gaming
Approach. 22.

Bursztyn, N., Pederson, J., Shelton, B., Walker, A., Campbell,
T.J. 1. J. O. E. I. M,, Science & Technology. 2015. Utilizing
Geo-Referenced Mobile Game Technology for Universally
Accessible Virtual Geology Field Trips 3(2): 93-100.

Caglar, F., Shekhar, S., Gokhale, A., Basu, S., Rafi, T., Kinnebrew,
J. & Biswas, G. 2015. Cloud-hosted simulation-as-a-service
for high school stem education. Simulation Modelling Practice
and Theory 58: 255-273.

Carvalho, M. B., Bellotti, F., Berta, R., De Gloria, A., Sedano, C.
1., Hauge, J. B., Hu, J. & Rauterberg, M. 2015. An activity
theory-based model for serious games analysis and conceptual
design. Computers & Education 87:166-181.

Chang, C.-C., Liang, C., Chou, P.-N. & Lin, G.-Y. 2017. Is game-
based learning better in flow experience and various types of
cognitive load than non-game-based learning? perspective
from multimedia and media richness. Computers in Human
Behavior 71: 218-227.

Chang, J.-W. & Wei, H.-Y. 2016. Exploring engaging gamification
mechanics in massive online open courses. Journal of
Educational Technology Society 19(2): 177-203

Chen, C.-H. & Law, V. 2016. Scaffolding individual and
collaborative game-based learning in learning performance
and intrinsic motivation. Computers in Human Behavior 55:
1201-1212.

Cheng, M.-T., She, H.-C. & Annetta, L. A. 2015. Game immersion
experience: Its hierarchical structure and impact on game-
based learning. Journal of Computer Assisted Learning 31:
232-253.

Crompton, H. & Burke, D. 2018. The use of mobile learning in
higher education: A systematic review. Computers & Education
123: 53-64.

Derboven, J., Zaman, B., Geerts, D. & De Grooff, D. 2016. Playing
educational math games at home: The monkey tales case.
Entertainment Computing 16: 1-14.

Dicheva, D., Dichev, C., Agre, G. & Angelova, G. 2015.
Gamification in Education: A Systematic Mapping Study. 18.

Erhel, S. & Jamet, E. 2013. Digital game-based learning: Impact
of instructions and feedback on motivation and learning
effectiveness. Computers & Education 67: 156-167.

Fabian, K., Topping, K. J. & Barron, 1. G. 2016. Mobile technology
and mathematics: Effects on students’ attitudes, engagement,
and achievement. Journal of Computers in Education 3(1): 77-
104.

Fernandez-Cerero, D., Jakobik, A., Fernandez-Montes, A. &
Kotodziej, J. 2018. Game-score: Game-based energy-aware
cloud scheduler and simulator for computational clouds.
Simulation Modelling Practice and Theory



Fitz-Walter, Z., Johnson, D., Wyeth, P., Tjondronegoro, D. & Scott-
Parker, B. 2017. Driven to drive? Investigating the effect of
gamification on learner driver behavior, perceived motivation
and user experience. Computers in Human Behavior 71: 586-
595.

Gauthier, A., Corrin, M. & Jenkinson, J. 2015. Exploring the
influence of game design on learning and voluntary use in an
online vascular anatomy study aid. Computers & Education
87:24-34.

Gilliam, M., Jagoda, P., Fabiyi, C., Lyman, P., Wilson, C., Hill,
B. & Bouris, A. 2017. Alternate reality games as an informal

learning tool for generating stem engagement among
underrepresented youth: A qualitative evaluation of the source.
Journal of Science Education and Technology 26(3): 295-308.
Gonzalez, C. S., Gomez, N., Navarro, V., Cairds, M., Quirce, C.,
Toledo, P. & Marrero-Gordillo, N. 2016. Learning healthy
lifestyles through active videogames, motor games and the
gamification of educational activities. Computers in Human
Behavior 55: 529-551.

Hamari, J., Shernoff, D. J., Rowe, E., Coller, B., Asbell-Clarke, J.
& Edwards, T. 2016. Challenging games help students learn:
An empirical study on engagement, flow and immersion in
game-based learning. Computers in Human Behavior 54: 170-
179.

Heflin, H., Shewmaker, J. & Nguyen, J. 2017. Impact of mobile
technology on student attitudes, engagement, and learning.
Computers & Education 107: 91-99.

Hew, K. F., Huang, B., Chu, K. W. S. & Chiu, D. K. W. 2016.
Engaging Asian students through game mechanics: Findings
from two experiment studies. Computers & Education 92-93:
221-236.

Hil Me, M. F., Abu Bakar, M. H. & Kamarudin, H. 2020. Aryl
diazonium modification on graphite electrode in microbial fuel
cell: A review. Jurnal Kejuruteraan 32(1):51-59.

Howland, K. & Good, J. 2015. Learning to Communicate
Computationally with Flip: A Bi-Modal Programming
Language for Game Creation. Computers & Education
80:224-240.

Hsu, C.-C. & Wang, T.-1. 2018. Applying game mechanics and
student-generated questions to an online puzzle-based game
learning system to promote algorithmic thinking skills.
Computers & Education 121: 73-88.

Huang, W.-H. 2011. Evaluating learners’ motivational and
cognitive processing in an online game-based learning
environment. Computers in Human Behavior 27(2): 694-704.

Ibafiez, M.-B. & Delgado-Kloos, C. 2018. Augmented reality for
stem learning: A systematic review. Computers & Education
123: 109-123.

Johnson, D., Horton, E., Mulcahy, R. & Foth, M. 2017.
Gamification and serious games within the domain of domestic
energy consumption: A systematic review. Renewable and
Sustainable Energy Reviews 73: 249-264.

Kamarudin, S. K., Muniandy, A., Shamsul, N. S. & Tan Kofli,

H. 2018. Enhanced biogas production fromagro waste by co-
digestion with crude glycerol. Jurnal Kejuruteraan SI 1(1):
47-57.

567

Kao, G. Y.-M., Chiang, C.-H. & Sun, C.-T. 2017. Customizing
scaffolds for game-based learning in physics: Impacts on

knowledge acquisition and game design creativity. Computers &

Education 113: 294-312.
Kiili, K., Moeller, K. & Ninaus, M. 2018. Evaluating the

effectiveness of a game-based rational number training - in-

game metrics as learning indicators. Computers & Education
120: 13-28.

Kim, C., Kim, D., Yuan, J., Hill, R. B., Doshi, P. & Thai, C. N.
2015. Robotics to promote elementary education pre-service
teachers’ stem engagement, learning, and Teaching. Computers
& Education 91: 14-31.

Ku, O, Hou, C.-C. & Chen, S. Y. 2016. Incorporating
customization and personalization into game-based learning:
A cognitive style perspective. Computers in Human Behavior
65:359-368.

Law, V. & Chen, C.-H. 2016. Promoting Science Learning in
Game-Based Learning with Question Prompts and Feedback.
Computers & Education 103:134-143.

Lee, 1., Martin, F., Denner, J., Coulter, B., Allan, W., Erickson, J.,
Malyn-Smith, J. & Werner, L. 2011. Computational thinking
for youth in practice. Journal of Computational Science
Education 2(1): 1-10.

Lester, J. C., Spires, H. A., Nietfeld, J. L., Minogue, J., Mott, B.
W. & Lobene, E. V. 2014. Designing Game-Based Learning

Elementary Science Education: A
Narrative-Centered  Learning  Perspective.  Information
Sciences 264:4-18.

Lister, M. 2015. Gamification: The Effect on Student Motivation
and Performance at the Post-Secondary Level. 3(2).doi:
https://doi.org/10.2458/azu_itet_v3i2_lister

Madani, K., Pierce, T. W. & Mirchi, A. 2017. Serious games on
environmental management. Sustainable Cities and Society
29: 1-11.

Malliarakis, C., Satratzemi, M. & Xinogalos, S. 2014. Designing
Educational Games for Computer Programming: A Holistic

Environments for

Framework. 12.

Martinovic, D., Burgess, G. H., Pomerleau, C. M. & Marin, C.
2016. Computer games that exercise cognitive skills: What
makes them engaging for children? Computers in Human
Behavior 60: 451-462.

Mclaren, B. M., Adams, D., Mayer, R. E. & Forlizzi, J. 2017. A
computer-based game that promotes mathematics learning
more than a conventional approach. International Journal of
Game-Based Learning 7(1): 36-56.

Mestece, M. O. E., Science, Technology,

and Climate Change 2019. Ministry: Waning Stem
Student Numbers Concerning.
https://www.malaymail.com/news/malaysia/2019/09/27
/ministry-decline-in-students-opting-for- stem-subjects-
concerning/1794928. Accessed on:3 March, 2020.

Ministry of Education Malaysia. 2013. Malaysia Education
Blueprint 2013-2025 (Preschool to Post-Secondary Education.

Education Malaysia.

Environment

Ministry of


https://doi.org/10.2458/azu_itet_v3i2_lister
http://www.malaymail.com/news/
http://www.malaymail.com/news/

568

Ministry of Finance Malaysia. 2019. Economic Outlook 2019.
Statistical table : Labour Market.

Mohd Shahali, E. H., Halim, L., Rasul, M.S., Zulkifeli, M.A.
2016. Stem learning through engineering design: Impact on
middle secondary students’ interest towards stem.
EURASIA Journal of Mathematics Science and Technology
Education

Mohd Shahali, E. H., Ismail, I. & Halim, L. 2017. Stem
education in Malaysia: Policy, trajectories and initiatives.
Journal in the Art of Record Production

Moher D, L. A., Tetzlaff J, Altman Dg, the Prisma Group. 2009.
Preferred reporting items for systematic reviews and meta-
analyses: The prisma statement. PLoS Med 6.

Morganti, L., Pallavicini, F., Cadel, E., Candelieri, A., Archetti,
F.& Mantovani, F. 2017. Gaming for earth: Serious gamesand
gamification to engage
environmentalbehaviours for energy efficiency. Energy
Research & SocialScience 29: 95-102.

Nacke, L. E. & Deterding, S. 2017. The maturing of gamification
research. Computers in Human Behavior 71: 450-454.

Nordin, N. M., Embi, M. A., Norman, H. & Panah, E. 2017. A
historical review of mobile learning research in malaysia and
its implications for Malaysia and the Asia-Pacific Region.
In Mobile Learning in Higher Education in the Asia-Pacific
Region: Harnessing Trends and Challenging Orthodoxies,
edited by Murphy, A., Farley, H., Dyson, L. E. & Jones, H.,
137-150. Singapore: Springer Singapore.

Pesare, E., Roselli, T., Corriero, N. & Rossano, V. 2016. Game-
based learning and gamification to promote engagement and
motivation in medical learning contexts. Smart Learning
Environments 3(1): 5.

Qian, M. & Clark, K. R. 2016. Game-based learning and 21st
century skills: A review of recent research. Computers in
Human Behavior 63: 50-58.

Rice, N. C., Guru, A., Keeler, C. N., Keshwani, D. R. &
Keshwani, J. 2018. Comparison of Game-Based Learning and
Traditional Lecture Approaches to Improve Student
Engagement and Knowledge Transfer in STEM Education.
ASEE Annual Conference and Exposition, Conference
Proceedings: 1-14.

Ronimus, M., Kujala, J., Tolvanen, A. & Lyytinen, H. 2014.
Children’s engagement during digital game-based learning
of reading: The effects of time, rewards, and challenge.
Computers & Education 71: 237-246.

consumers in pro-

Salehudin, N. N., Hassan, N. H. & Abd Hamid, N. A. 2015.
Matematik dan kemahiran abad ke-21: Perspektif pelajar.
Jurnal Pendidikan Matematik 3(1): 24-36.

Simdes Gomes, T. C., Pontual Falcdo, T. & Cabral De Azevedo
Restelli Tedesco, P. 2018. Exploring an Approach Based on
Digital Games for Teaching Programming Concepts to
Young Children. International Journal of Child-Computer
Interaction 16:77-84.

So, H.-J. & Seo, M. 2018. 4 Systematic Literature Review of

Game-Based Learning and Gamification Research in Asia 23.
Routledge Handbooks Online.

Sung, H.-Y., Hwang, G.-J., Lin, C.-J. & Hong, T.-W. 2017.
Experiencing the analects of confucius: an experiential game-
based learning approach to promoting students’ motivation and
conception of learning. Computers & Education 110: 143-153.

Sung, Y.-T., Chang, K.-E. & Liu, T.-C. 2016. The effects of
integrating mobile devices with teaching and learning on
students’ learning performance: A meta-analysis and research
synthesis. Computers & Education 94: 252-275.

Taub, M., Azevedo, R., Bradbury, A. E., Millar, G. C. & Lester, J.
2018. Using Sequence Mining to Reveal the Efficiency in
Scientific Reasoning During Stem Learning with a Game-
Based Learning Environment. Learning and Instruction 54:93-
103.

Tsai, M.-J., Huang, L.-J., Hou, H.-T., Hsu, C.-Y. & Chiou, G.-L.
2016. Visual behavior, flow and achievement in game-based
learning. Computers & Education 98: 115-129.

Yeh, Y.-C., Chang, H.-L. & Chen, S.-Y. 2019. Mindful learning: A
mediator of mastery experience during digital creativity game-
based learning among elementary school students. Computers
& Education 132: 63-75.

Zydney, J. M. & Warner, Z. 2016. Mobile apps for science
learning: Review of research. Computers & Education 94: 1-

17.



