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ABSTRACT

Utilizing serious games as teaching aid can stimulate students’ interest in learning and enhancing students’ un-
derstanding of  STEM learning. The use of  serious game on learning analytics for STEM learning provides as-
sessment data to measure students’ performances and achievements of  predefined learning outcomes. While 
numerous researches on learning analytic in serious games have been conducted, studies on their association with 
STEM learning are scarce. Past studies also indicate that teachers use serious games in teaching but yet to utilize 
serious games as assessment tools. This situation leads to the need of  developing a conceptual model of  learning 
analytics in serious games for STEM education (APPS-STEM). The conceptual model was initially developed 
through the focus group approach and literature review to examine the learning metrics of  serious games, which 
is appropriate for STEM learning before being verified by experts. Based on the result from expert review, the 
conceptual model of  APPS-STEM contains nine themes, namely effectiveness, problem-solving thinking and 
creativity, flexibility, key stakeholders, emotions, serious game design, curriculum profiles, learning profiles, and 
target user norms. This conceptual model is expected to serve as a guide for stakeholders to implement learning 
analytics in serious games design for STEM learning. Further study will be the development of  serious game 
prototypes to determine the effectiveness of  the APPS-STEM model in the STEM learning paradigm.
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INTRODUCTION

The concept of  STEM education is an ef-
fort to engage students in learning science, techno-
logy, engineering, and mathematics that also has 
been recognized as one of  the most important 
learning experiences in schools all around the 
world (Johnson et al., 2014). The combination of  
all four STEM disciplines into a single discipline 
is considered more practical and realistic to en-
hance the students’ knowledge, skills, attitudes, 
and interest in Science and Mathematics subjects 
(Adnan et al., 2017).

 STEM learning requires an active lear-
ning mode for students to apply STEM concepts 

through fun and challenging activities. According 
to Wang (2013), studies on STEM learning also 
represents high empirical efforts to build a better 
understanding of  the underlying factors that in-
fluence students’ success throughout the STEM 
learning process. Besides, STEM learning is also 
a learning process that moves beyond facts and 
procedures by introducing concepts and engaging 
students in STEM practices such as developing 
evidence-based explanations, self-exploration of  
the visual programming language (Ismail et al., 
2016), and students` critical thinking skill through 
project-based learning (Mutakinati et al., 2018).

Today, STEM education has become a pri-
ority in Malaysia’s education line, conforming 
with the country’s desire to increase the percenta-
ge of  students’ interest in STEM education, both 
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at school and higher education level, thus enhan-
cing the country’s success and goals to boost the 
country’s competitiveness, especially in the field 
of  STEM globally. In Malaysia’s context, STEM 
refers to the educational policy and choice of  the 
school curriculum to enhance the competitive-
ness of  science and technology to students. As 
embodied in the Malaysia Education Blueprint 
2013-2025, the emphasis of  STEM education at 
the school level is through curriculum and co-cur-
ricular activities with the support of  various sta-
keholders (Malaysia, 2013). In order to gain stu-
dents’ interest in learning STEM-related subjects, 
teachers need to be smart in applying technology 
support resources to diversify teaching and lear-
ning methods and familiarize themselves with 
STEM projects and read about STEM to build or 
enhance accurate knowledge and understanding 
of  STEM (Adnan et al., 2017).

In recent years, the use of  serious games 
has grown significantly in several areas such as 
entrepreneurship (Hauge et al., 2013), tourism 
(Xu et al., 2017), and health; specifically to sti-
mulate cognitive (Ahmad Zaki et al., 2015), 
for psychotherapeutic purposes (Eichenberg & 
Schott, 2017), for health intervention (Lau et al., 
2017), and to promote health awareness (DeSmet 
et al., 2015). Serious games are also widely used 
for education and training (De Gloria et al., 2014; 
Raybourn, 2014; Slootmaker et al., 2014).

Serious games are defined as games that 
are designed and used for purposes other than 
entertainment (Djaouti et al., 2011; Zyda, 2005). 
Breuer & Bente (2010) also argues that serious ga-
mes are not just any commercial game intended 
solely to entertain or satisfy players. According 
to Hussaan & Sehaba (2013), serious game can 
also be defined as an intellectual challenge with 
specific rules laid down on a digital device. Serio-
us games are designed to entertain, engage and 
develop new knowledge and skills (Eichenberg & 
Schott, 2017), provide meaningful content, titles, 
narratives, rules, and objectives that will achieve 
specific learning outcomes (Mitgutsch & Alvara-
do, 2012). The production of  an effective serious 
game is highly dependent on the design needs of  
the user for each design component. Well desig-
ned serious games can provide powerful interacti-
ve experiences that can foster a player’s learning, 
skill-building, and healthy development (Lieber-
man et al.,  2009).

Serious games have emerged as an inter-
esting new educational tool for learning STEM 
fields. It allows students to understand more prac-
tically than just learning the theory in class wit-
hout practicing it in the real world. Serious games 

in education also have been reported to be effec-
tive in facilitating learners’ holistic understanding 
of  scientific conceptions, gaining cognitive skills, 
increasing the positive impact of  learning and 
improving science teaching, providing flexible 
learning, improving learning outcomes, and imp-
rove cross-cultural communication competence 
(Zhonggen, 2019). Moreover, learning through 
technological tools seems to stimulate the inter-
est of  today’s students as they are part of  the Di-
gital Native generation and are already familiar 
with technology in their daily lives (Savazzi et al., 
2018).

According to Wu & Anderson (2015), the 
use of  serious games makes STEM education 
more efficient. Serious games can attract stu-
dents through challenging, fun STEM education 
activities (Cheng et al., 2015). Serious games are 
also used to gain students’ interest and improve 
their understanding of  STEM learning by using 
a tangible serious game to allow children to have 
a multi-sensory experience of  concepts and facts 
that are difficult to learn with standard learning 
tools (Berta et al., 2016). Besides, the implemen-
tation of  serious games to learn science subjects 
improving the students’ creative thinking skills 
and motivation to learn (Putra & Iqbal, 2016).

In addition, a study by McLaren et al. 
(2017) found that students who use serious games 
in mathematics subjects enjoy more learning ex-
perience than students who do not use serious ga-
mes. They also found that students had a positive 
feeling and were more confident about the subject 
when they used serious games and made fewer 
mistakes during the learning process. Meanwhile, 
studies by Ameerbakhsh et al. (2016) and Cebe-
rio et al. (2016) found that the use of  interacti-
ve simulations as one of  the serious game genre, 
in ecological learning and physics has increased 
effectiveness, allowed learners to interact and 
engage in simulation more than non-interactive 
simulation, and helped students learn efficiently 
and enjoyably. These show that serious games are 
very suitable for use as a teaching tool in STEM 
education.

Currently, serious game studies focus on 
serious game analytics, specifically on assessment 
and learners’ behaviors (Alonso-Fernández et al., 
2019). Serious game analytics is defined as a me-
tric that can be implemented through problem 
definition in training or learning scenarios using 
statistical models, metrics, skill analysis, and per-
formance improvement and assessment in the use 
of  serious games as essential training tools (Loh 
et al., 2015). Through the use of  learning analytic 
in serious games, assessment data can provide the 
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information needed to measure the effectiveness 
of  serious games to achieve a set of  learning ob-
jectives, as well as provide detailed information 
on changes that can be made to improve a deci-
sion. The learning analytic elements in serious 
games are employed to collect, measure, analyze 
and generate data about students and their con-
texts to understand and optimize learning and 
the environment (Siemens et al., 2013; Siemens 
& Long, 2011). The field of  learning analysis re-
lates to gathering, analyzing, and visualizing vast 
volumes of  educational-related data. Learning 
analytics also leverages the capacity of  big data 
and data-mining techniques to improve learning 
assessment (Serrano-Laguna et al., 2013).

User profile data and user behavior gene-
rated in the game environment are vital as they 
serve as evidence for problem-solving strategies 
and explain decision-making processes during 
the learning and training process. Additionally, 
the use of  serious game analytics has undoubted-
ly helped to refine the design of  the game, as well 
as validate its effects on players (Calvo-Morata et 
al., 2018; Cano et al., 2018) and to predict lear-
ning outcomes for players (Serrano-Laguna et al., 
2018).

According to Loh et al. (2015), serious 
games establish a different major goal, which is 
to improve the players’ skills and performance 
through training and instructions. Players who 
practice and learn through serious games will 
be able to play the game. Towards the end of  the 
session, players will also be able to improve their 
skills and performance as well as acquire particu-
lar information and knowledge. Study by Daoudi 
et al. (2017) found that learners’ assessment and 
measurement in serious games are extremely 
important for improving learning outcomes and 
maintaining their motivation. Besides that, lear-
ners’ assessment and measurement are also rele-
vant for exploiting to provide a solution that fits 
the profile and objectives or learning needs of  the 
students.

Game usage patterns can contribute to the 
understanding of  learning models that can later 
be used to predict the development of  students’ 
knowledge through performance, engagement, 
and resource processing sequences. Although 
getting access and the use of  in-game data is 
challenging, with the advent of  the latest techno-
logies and emerging areas of  learning analytics, 
researchers have the opportunity to study the 
use of  an immense amount of  dynamic data in 
serious games (Liu et al., 2017). Acquisition of  
user data generated in the game to help make 

decisions on game design and development has 
also become common among game developers. 
Besides, serious game developers and researchers 
are encouraged to engage with different types of  
data, as these data are needed to clarify issues 
related to measuring, evaluating, and improving 
performance in game-based learning and training 
(Loh et al., 2015). To assist certain parties in the 
development of  serious games, Ifenthaler & Wi-
danapathirana (2014) have developed a frame-
work of  learning analytic for the design, imple-
mentation, and evaluation of  serious games for 
inclusive learning and teaching and Nguyen et al. 
(2018) have produced a systematic framework for 
integrating learning analysis into serious games 
for people with intellectual disabilities.

In the context of  learning analytics in Ma-
laysia, studies (Kumar & Hamid, 2017; West et 
al., 2018) show that academics have a high in-
terest in the idea of  using learning analytics for 
learning and teaching and its importance for stu-
dent achievement in higher learning institutions. 
Although the use of  serious games in education 
and particular STEM learning is growing, the use 
for the context of  Malaysian students and teach-
ers and the integration of  learning analytics for 
STEM learning is still lacking. Teachers have be-
gun implementing serious games as part of  their 
teaching aids; however, they are found still un-
ready to employ the games as assessment tools 
and would instead rely more on traditional met-
hods such as written tests (Serrano-Laguna et al., 
2012). Some of  the main reasons why teachers 
are not inclined to use serious games as assess-
ment tools are that they are unable to monitor as-
sessments accurately, that games are less flexible 
and unchangeable after development, and that 
there is also a lack of  detailed reports on games 
played, such as student interaction with games 
(Chaudy & Connolly, 2019).

Based on the stated issues and the impor-
tance of  learning analytic in serious games, it 
indicates the need to conduct studies that focus 
on the in-game learning analytics for STEM edu-
cation. Thus, the main focus of  this study was to 
develop a conceptual model for learning analytics 
in serious games to improve and enhance STEM 
education (APPS-STEM) - the acronym is deri-
ved from Malay phases “Analitis Pembelajaran Da-
lam Permainan Serius Bagi Pembelajaran STEM”). 
The conceptual model of  APPS-STEM can be 
used as a guideline for the implementation of  
learning analytics in serious game development 
for STEM education.
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METHODS

The method used to develop the concep-
tual model of  APPS-STEM involved two phases, 
namely analysis and design, and evaluation, as 
shown in Figure 1. 

Figure 1. Method of  Conceptual Model Devel-
opment

Triangulation methods were used in the 
analysis and design phases, adapted from Zaki et 
al. (2017), but this study carried out focus groups 
instead of  interviews.  In addition, literature stu-
dies have also been performed to establish initial 
conceptual models. The expert review method 
adapted from Abubakar et al. (2016) is then used 
to verify the conceptual model.

Analysis and Design Phase
The study began by examining the analy-

sis of  learning analytic in serious games through 
conducting focus group interviews with students, 
experienced teachers, educational technology ex-
perts, and game developers that are appropriate to 
their needs and relevant in the context of  STEM 
learning. A focus group is a group of  individuals 
typically consisting of  six to eight people who dis-
cuss a topic related to a theme that is moderated 
by moderators (Krueger, 2014). Therefore, a total 
of  14 respondents were selected and divided into 
two focus groups as shown in Figure 2. 

Figure 2. Two Focus Groups, Consisting Of  Ex-
perts and Students, were Formed

The selection of  respondents was perfor-
med randomly to match the domain of  this study. 
The focus group interview session was conducted 
by a moderator and an assistant who wrote down 
the discussion content (among the researchers) at 
Smart Lab, Faculty of  Art, Computing, and Cre-
ative Industry, Sultan Idris Education University. 
The discussion time for both focus groups took 90 
minutes, and the discussions were also recorded 
in the form of  video and voice recordings.

The affinity diagram method was used to 
obtain learning analytic metrics. Through this 
method, a large amount of  data (ideas, views, is-
sues, etc.) was collected and compiled based on 
the relationships between them and were com-
monly used within a group of  individuals who 
generate ideas for a discussion (Nancy, 2005). 
In the context of  this study, this method was 
carried out at the end of  the discussion session 
where each respondent was required to provide 
some learning analytics metrics that they thought 
would be appropriate in serious games for STEM 
learning after they had acquired an image or un-
derstanding of  the discussion related to learning 
analytics. 

This affinity process was implemented 
using several sheets of  sticky notes given to each 
member of  the focus group. Respondents were re-
quired to write their ideas regarding learning ana-
lytic metrics on the given sheet and paste them 
on a whiteboard. Once completed, each of  these 
metrics will be ranked on the basis of  its priorities 
and relevance to the study and coded according 
to specific themes as shown in Figure 3.

Figure 3. List of  Metrics Categorized by Theme 
as a Result of  Focus Group Activity

In addition to the focus group, literature 
reviews from established journals focusing on se-
rious game analytics, learning analytics, and in-
game metrics were conducted. The comparison 
and coordinating process between the results list 
of  learning analytic metrics in the serious game 
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from focus groups and the literature review were 
then carried out to design an initial conceptual 
model of  APPS-STEM.

Evaluation Phase
The evaluation of  the initial conceptu-

al model of  APPS-STEM will be carried out 
through an expert review to validate the identi-
fied learning analytic metrics in a serious game. 
Experts’ reviews are critical to explain the vali-
dity of  the instrument content by examining the 
scale and come to an agreement that the items 
contained in the scale represent items related to 
the concept being measured. According to Grant 
& Davis (1997), the number of  expert panelists 
depends on the level of  expertise required and 
the variety of  knowledge itself. Some recent re-
searchers have established their own set of  ex-
perts, consulting at least five experts (Burns & 
Grove, 1993) and proposed between five to seven 
experts to evaluate the scale of  domain content 
using a rating scale. In this study, six experts were 
consulted consisting of  STEM teachers, game 
developers, and academics from the field of  se-
rious game and educational technology selected 
through purposive sampling techniques. Their 
demographic is demonstrated in Table 1.

Table 1. Experts List and Their Expertise

Expert 
ID

Expertise Affiliation Experience
(Years)

E1 Serious 
games

Senior 
Lecturer

>10

E2 Education-
al technol-

ogy

Senior 
Lecturer

>10

E3 STEM 
learning

STEM 
teachers

>10

E4 STEM 
learning

STEM 
teachers

>10

E5 Game 
and level 
designer

Game De-
veloper

5

E6 Game 
design

GAME 
Developer

6

The instrument for the expert review in-
cludes expert personal details, learning analytic 
metrics of  serious games and comments, or sug-
gestions. Experts need to evaluate the metrics set 
out in the instrument based on three Likert scales, 

namely, agreed, neutral, and not agreed. The data 
collection lasted approximately four weeks, and 
the data collected for the review was then ana-
lyzed using the descriptive analysis to determine 
the percentages for each scale used. 

RESULTS AND DISCUSSION

Based on the discussion results from both 
focus groups, the learning analytic metric items 
of  STEM learning through serious games were 
coded into 11 themes such as norms, emotions, 
effects, evaluations, feedbacks, problem solving 
and creative thinking, time, flexibility, scoring, in-
terface, and specialization. Meanwhile, five lear-
ning analytic metrics have been identified from 
relevant literature studies (Alonso-Fernandez et 
al., 2017; Alonso-Fernández et al., 2019; Ifentha-
ler & Widanapathirana, 2014; Kiili et al., 2018) 
as shown in Table 2.

Table 2. Learning Analytic Metrics from Litera-
ture Review

Learning analytic 
metrics

Authors

A
lo

ns
o-

F
er

ná
nd

ez
 

et
 a

l.
 (

20
19

)

A
lo

ns
o-

F
er

na
nd

ez
 

et
 a

l.
 (

20
17

)

K
ii

li
, 

M
oe

ll
er

, 
&

 
N

in
au

s 
(2

01
8)

If
en

th
al

er
 &

 W
id

an
-

ap
at

hi
ra

na
 (

20
14

)

1. Learning profiles / /

2. Student profiling / /

3. Serious games 
characteristics

/ /

4. Curriculum pro-
files

/ / /

5. Key stakeholders / /

The results of  the comparison and coor-
dination process between the list of  learning ana-
lytic metrics in serious games from focus groups 
and literature review yielded nine themes namely 
target user norms, learning profiles, emotions, se-
rious game design, effectiveness, problem-solving 
and creative thinking, flexibility, curriculum pro-
file, and key stakeholders. Based on these nine 
themes, initial conceptual models of  the APPS-
STEM model are generated.

An instrument containing 67 items of  in-
game metrics was developed to represent the nine 
themes. The results of  the instrument review by 
six experts were analyzed as in Figure 4.
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Figure 4. Percentage of  Learning Analytic Metrics Reviewed by the Expert 

The instrument validation results indicate 
that five out of  nine themes received a significant 
percentage of  approval from experts by more than 
80%. The themes represented were emotions, 
effectiveness, creative and problem-solving thin-
king, flexibility, and key stakeholders. While for 
the rest of  the themes there is an average percen-
tage, between 60-79%, of  agreement. Thus, the 
overall findings indicate that experts are satisfied 
with all the learning analytic themes for serious 
games for STEM learning provided in the instru-
ment. Nevertheless, for some items that represent 
a particular theme with a 50% disagreement and 
a neutral percentage, the items have been further 
reviewed based on experts’ comments to determi-
ne its importance to the themes.

Based on the assessment and feedback 
from the expert review, a validated APPS-STEM 
conceptual model is established as seen in Figure 
5. 

 

Figure 5. Nine Metrics were Used to Form the 
Conseptual Model of  Learning Analytics in Seri-
ous Games for STEM Education (APPS-STEM)

 According to Figure 5, there are nine 
main themes for learning analytics in serious ga-
mes for STEM learning. The description of  each 
theme is as follows; Effectiveness is the effective 
use of  serious games to achieve predefined lear-
ning objectives depends on the accuracy of  the 
facts as well as the continuous use of  the game. 
The facts provided must be from authentic sour-
ces so that the reliability of  the game content is 
excellent and teachers and students will not he-
sitate to practice it. It can be done by referring to 
the STEM curriculum which has been carefully 
curated by the STEM curriculum experts (Malay-
sia, 2013).

Problem-solving and creative thinking is 
about solving problems or identifying opportu-
nities when playing a serious game. Among the 
learning analytic metrics identified for this the-
me, games should be designed based on problem-
solving steps and based on the content of  the 
subject. Besides, questions in the game should be 
tailored to Bloom’s Revised Taxonomyleveland 
encourage students to be creative in delivering 
answers, thus improving students’ creative thin-
king skills when learning STEM learning (Putra 
& Iqbal, 2016).

Flexibility- games should be accessible eve-
rywhere and not limited to schools only. Through 
flexibility, players will be able to easily return to 
previous game sessions, and players can learn or 
revise their previous lesson before attempting to 
play the game again. Zhonggen (2019) also found 
that serious games provide flexible learning by of-
fering learners the opportunity to choose the time 
and place they feel comfortable to learn, without 
restricting themselves to fixed schedules and pla-
ces.
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Key stakeholders are stakeholders involved 
in the games such as students or players, teach-
ers, parents, and designers or game developers 
(Alonso-Fernandez et al., 2017; Alonso-Fernán-
dez et al., 2019). For students, there is a need for 
informative feedback on the performance of  their 
game, for example, their final score, comparing 
scores with other players, comparing their po-
sition or game history. While for teachers, they 
need general statistics such as how many students 
finish each level of  the game, how long it takes 
to solve, or the most common mistakes students 
make. Parents can acquire real-time information 
about their children’s learning, and game desig-
ners or developers can identify areas where many 
mistakes have been made that could potentially 
be improved from aspects of  game design. The 
roles and benefits of  each of  the parties invol-
ved can also be found in the Malaysia Education 
Blueprint 2013-2025 (Malaysia, 2013).

 Emotions are related to the players› 
feelings experienced during and after the game. 
Emotions can influence the learning analytic, 
students who enjoy learning are less stressed and 
faceless pressure of  assessment. Self-confidence 
can also be assessed through speed and accuracy 
when playing. In addition, feeling entertained; 
interested (players will typically stay throughout 
the game if  they are interested in learning or 
discovering something) (Berta et al., 2016), effort 
(more notable effort presents them to being a 
high-performance user) (McLaren et al., 2017), 
and satisfaction (satisfied users will come back to 
play).

 Serious game design- Learning analytic met-
rics can be implemented through optimal game 
design as each game developed should possess 
stages of  difficulty in order not to lose players’ 
interest. Players are also allowed to go back and 
replay the easier levels even after advancing to the 
difficult stages to reduce error rates and improve 
the learning rate (Alonso-Fernández et al., 2019). 
In addition, designing games that encourage stu-
dent engagement by adapting to challenges ba-
lanced with rewards will cause players to crave 
additional challenges for more good rewards. 
Therefore, motivational elements must additio-
nally be included. Game design should also in-
clude real-time, past and future feedback, visuali-
ze the navigation path between displays to reflect 
player priorities and learning styles, whether it is 
linear or global (Ifenthaler & Widanapathirana, 
2014), a design with an attractive and cheerful 
interface, containing animations, option to freely 
choose names and avatars that are representative 
of  the game world and with performance levels.

Curriculum profiles are about course 
information, learning outcomes, teaching, 
and assessment materials. Relevant learning 
analytics metrics are according to students 
individually or by class performance (Examples: 
sessions, questions resolved, number of  errors, 
accurate answer, and time ratios), in-game score 
distribution, distribution of  answered questions 
by students, accuracy estimation, comparison 
of  accuracy, and order of  magnitude, shows the 
percentage of  the tasks completed correctly, the 
effective playtime, the amount of  time that a 
player takes to complete all the tasks, the highest 
level of  play, the number of  games played and the 
star rating that the player has or can earn (Alonso-
Fernandez et al., 2017; Kiili et al., 2018).

Learning profile is the metadata about 
activities carried out in the learning environment 
to evaluate learning and predict performance 
(Alonso-Fernandez et al., 2017; Alonso-
Fernández et al., 2019). Among the learning 
analytic metrics that can be used is the amount of  
time used, learning status, completion rate, rating, 
grade, player exploration strategy, characteristics 
of  players› failure, number of  sessions, speed, 
accuracy, and scores.

Target user norms are player demographics 
such as student background including gender, 
age, education level, and academic performance 
history are recorded. Alonso-Fernández et al. 
(2019) also state the importance of  understanding 
students› age and gender characteristics, as 
students with different learning characteristics 
will have different learning behaviors. The game 
must also be developed based on STEM learning 
that is appropriate for students in Malaysia whose 
primary language is used in the learning process 
or developed bilingually which is in Malay and 
English. Additionally, players can be grouped 
into a performance group based on in-game ac-
tions and in-game choices that are also relevant 
to prior knowledge.

  All nine in-game learning analytics dis-
cussed above are expected to provide the assess-
ment data needed to measure student achieve-
ment as well as the achievement of  predefined 
learning outcomes in STEM learning as learning 
analytics involves the use of  big data and data 
mining to boost learning assessment (Serrano-
Laguna et al., 2013). Through the use of  analytic 
learning in serious games for STEM learning, te-
achers will be able to take proactive steps to as-
sist the lower performing students can also keep 
students motivated (Daoudi et al., 2017). Besides, 
information derived from student interactions 
with serious games can significantly improve the 
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evaluation of  games and allow both teachers and 
institutions to make evidence-based decisions 
and increase their attractiveness and confidence 
in the use of  serious games in formal education 
(Alonso-Fernández et al., 2019).

Although there are previous studies on the 
learning analytics framework (Ifenthaler & Wi-
danapathirana, 2014; Nguyen et al., 2018), they 
are not dedicated to the use of  STEM education. 
Hence the proposed conceptual model of  APPS-
STEM will meet the needs of  both students and 
teachers for STEM learning. This conceptual mo-
del is also useful as a guide for different parties, 
in particular, game developers who need analy-
tic learning information that is appropriate for 
STEM learning using serious games. The use of  
standard learning analytic for target users will be 
able to benefit them. Students and teachers invol-
ved in STEM learning will therefore benefit if  the 
serious game design takes into account learning 
analytics as suggested.

CONCLUSION

Teachers are able to diversify their teach-
ing methods to provide a learning environment 
that is interesting to students and challenging by 
incorporating serious play elements into STEM 
learning. By incorporating the learning analytic 
into a serious game, teachers can easily collect, 
measure, analyze, and produce data reports that 
assist teachers to achieve their assigned learning 
objectives. Through the development of  the 
APPS-STEM conceptual model, it is expected 
that the model will benefit indirectly in enhan-
cing STEM learning in Malaysia. It could then 
be a catalyst for an educational transformation 
to bring about changes in STEM learning and te-
aching to help the country produce more skilled 
STEM-based workforce. However, the effective-
ness of  adopting this model in STEM learning 
also needs to be noted. Thus, the following study 
will focus on the development of  a serious game 
prototype and will test its effectiveness on real 
users.
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