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Abstract—Education in the 21st century emphasises the 
mastery of higher-order thinking skills (HOTS) in the pursuit of 
developing competitive human capital globally. HOTS can be 
taught through science education. However, science education is 
considered very challenging leaving students feeling less 
interested and less motivated. Apart from that, students are 
found to be weak in mastering their thinking skills based on the 
decline in students’ achievements in the Trend in International 
Mathematics and Science Study (TIMSS) and the Programme 
International Students Assessment (PISA) tests. This situation 
highlights the need to change the approach of teaching and 
learning science in line with the current technological changes to 
meet the challenges of globalisation. Previous studies showed that 
the use of serious games in learning can enhance students’ 
thinking skills. Thus, serious games can be used to develop 
higher-order thinking skills among students. This paper 
presented results of preliminary study using interviews, 
document analysis, and questionnaire survey. Findings have 
shown that there are several issues and challenges of teaching 
and learning in implementing HOTS in science education, in 
addition to game design requirement for science education. The 
requirements will be used to design a serious game implementing 
HOTS in science education. 
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I. INTRODUCTION 
21st-century learning skills require students to have high-

level thinking skills to remain competitive, creative, and 
innovative. Higher-order thinking skills (HOTS) are defined 
as the expanded use of the mind to meet new challenges and 
the process occurs when a person must interpret, analyse or 
manipulate information because a problem cannot be resolved 
through the application of previously learned knowledge [1]. 
Concisely, HOTS is a form of quality thinking that enables 
one to think more deeply, more productively, and more 
effectively. 

HOTS is a key goal of today’s education system 
worldwide and is also outlined in the country’s Education 
Development Blueprint 2013–2025. An effective method of 
learning should be implemented to attract students and 
enhance their HOTS in science. The goal of science education 
is to help students develop HOTS to meet the challenges of 
everyday life through enhancing students’ cognitive skills 
such as critical thinking, reasoning, reflective thinking, and 
science process skills [2]. 

According to [3] games are a social interaction tool that 
can stimulate early learning and cognitive development in 
optimal early childhood education. In addition, play activities 
bring fun and entertainment as well as encourage individuals 
to learn something informally. Therefore, the development of 
computer technology such as serious games can be 
implemented in the learning process as they offer a strong 
format for educational environment [4]. 

Serious games are interactive digital games developed not 
just for entertainment as the primary purpose but rather as 
entertainment games that can educate players, also known as 
educational games. In the field of education, serious games are 
developed to achieve learning objectives set and are student-
oriented. It is in line with the needs of today’s students who 
are born in the age of digital technology known as the Net 
generation. The Net generation has different skills, interests, 
and needs, therefore the teaching approach in the education 
system has to change to meet their requirements. The 
approaches, methods, techniques, and teaching materials for 
the current Net generation need to be different from those of 
the previous generation [5] as the current generation’s 
information processing and thinking are more advanced 
compared to previous peers. Technology can be used to teach 
the Net generation. 

The biggest challenge of a teacher today is to create an 
exciting teaching and learning approach to guide students in 
developing their thinking skills to compete globally. However, 
the current teaching and learning strategies are exam-oriented 
that focuses on memorization rather than thinking skills [2]. 
Lower-order thinking still dominates teaching methods and 
learning outcomes [6]. Furthermore, the Malaysia Education 
Blueprint 2013-2025 [7] reported that student encountered 
difficulty in responding to HOTS exam question in providing 
complete information along with proof of logic and inability 
to think critically and logically. 

Previous studies discovered that serious games enable the 
conception of attractive teaching and learning environment, 
and the development of thinking skills. However, some 
criteria of the games need to be emphasised so that they are in 
line with the needs of pedagogy and thinking skills. Balance 
between the needs of the curriculum and the game structure is 
important for producing a game that is interesting and does not 
affect the learning outcomes and functionalities. Apart from 
that, interesting games often have privileges in terms of 
accuracy and completeness of learning contents. 
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Past studies found plentiful games in the market, but most 
do not meet the criteria of games for education. This is 
because game developers only emphasise the gaming aspects 
rather than learning. According to [8] most private companies 
have developed digital games without regard to students’ 
learning methods and learning strategies. Besides, games 
developed for education only cover contents that the 
developers felt necessary without considering the local 
education syllabus, which are Standard Based Curriculum for 
Secondary Schools (KSSM) and Standard Based Curriculum 
for Primary (KSSR). Hence, our study focused on the 
requirements of serious game design for HOTS in science 
education to ensure that educational objectives can be 
achieved. 

This paper discusses the results of preliminary study to 
identify issues, challenges and requirements for implementing 
HOTS in science education from educator’s perception as well 
as game design requirements from student’s perception. 
Section II presents a literature review which include theory 
and related works. Section III describes methods used while 
Section IV presented result and discussions. The paper 
concludes with a summary of the study findings and future 
work. 

II. LITERATURE REVIEW 

A. Higher-Order Thinking Skills in Science Education 
According to [3] Thinking skills are the management of 

mental processes that occur in the mind or the cognitive 
system including knowledge, observation, and production. 
Apart from that, thinking is a mind activity to make decisions 
in solving problems based on existing information and 
experiences. Thinking aims to find meaning and 
understanding of something, explore various ideas or creations 
and make judgements, and then reflect and be metacognitive 
about the process. In other words, thinking skills are the 
ability of an individual to master the potential of his/her mind 
to control, empower, and adapt to a difficult environment. 

According to the definition given in the cognitive domain 
of Bloom’s Taxonomy, there are six cognitive levels of which 
the first two are known as lower-order thinking skills (LOTS) 
and the subsequent four levels are higher-order thinking skills 
(HOTS). LOTS is defined as a simple application and routine 
steps while HOTS challenges students to interpret, analyse, or 
manipulate information [9] as shown in Fig. 1. 

HOTS is defined by the Curriculum Development Division 
(2013) of the Ministry of Education Malaysia as the ability to 
apply knowledge, skills, and values in reasoning and reflection 
to solve problems, make decisions, innovate, and be creative. 
According to [11] high-level learning means the capacity to go 
beyond the information given, to develop critical stance, to 
have metacognitive awareness, and to solve problems. 
Thinking critically is thinking at a higher level of cognition 
that increase the probability of a desirable outcome [12]. 

The thinking skills elements based on Bloom’s Taxonomy 
consist of knowledge, understand, apply, analysis, synthesis 
and evaluate. Meanwhile, the elements in Bloom’s Taxonomy 
as reviewed by Anderson and Krathwohl consist of 
remembering, understanding, applying, analysing, evaluating, 

and creating. According to the Ministry of Education Malaysia 
(2013), there are four elements at the highest level outlined in 
HOTS implementation in schools which are applying, 
analysing, evaluating, and creating as shown in Table I. 

These four elements are important aspects that should be 
implemented in teaching and learning science to encourage 
thinking skills among students. However, studies have shown 
that Malaysian students have moderate level of motivation in 
science [13]. According to the reports by Trends in 
International Mathematics and Science Study (TIMSS) in 
1999, 2003, 2007, 2011, and 2015, the science scores were 
declining. Moreover, the Programme for International Student 
Assessment (PISA) reports also showed similar results in 
2009, 2012, and 2015. The deterioration of students’ 
achievements in science subjects at international assessment 
level reflects that Malaysian students have difficulties in 
answering HOT-based questions. The application of 
knowledge according to the four highest levels of cognitive 
taxonomy does not occur due to most lessons in schools did 
not sufficiently engage students in constructive thinking[6]. 

Apart from that, the mastery level of critical thinking and 
problem-solving skills of science stream students was at a 
moderate level consistent with the current education that tends 
to be exam-oriented and fact-based [14], which focused on 
LOT skill such memorization or “Remember”. According to 
[15] teachers lack knowledge and understanding in methods of 
teaching for thinking. Moreover, teachers do not know the 
strategies and methods that can be used to incorporate 
thinking skills in the teaching and learning process [14]. The 
teachers are also not familiar with the processes and skills due 
to their lack of confidence to teach HOTS in science [15]. 

 
Fig. 1. Reviewed Bloom’s Taxonomy (Anderson and Krathwohl, 2001) 

[10]. 

TABLE I. HOTS APPLIED IN SCHOOL 

Level of Thinking Description 

Create Use information to create something new 

Evaluate Critically examine information and make judgements 

Analysis Clarify information and investigate relevance 

Apply Use information in new situation (Almost similar) 
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Furthermore, TIMSS 2007 reported science lessons are 
mostly teacher-centric. In addition Malaysian students were 
reported watching teachers demonstrate experiments and 
investigation rather than doing it themselves. TIMSS 2011 
also reported that 47% of Malaysian students were involved in 
science investigation in less than half of the lessons. 

Most students are unable to solve problem-solving 
questions that require HOTS [16]. This is because 
understanding science requires students to be able to apply 
science concepts and principles in solving problems in 
different situations and contexts. Therefore, scientific inquiries 
and problem-solving skills need to be cultivated and practised 
continuously [17]. 

Serious games are an appropriate learning tool for 
implementing HOTS in science education as they are not just 
games involving story, art, and software, but they are a 
pedagogical activity for educating as well as constructing 
thinking related to memory skills and learning [18]. Serious 
games can stimulate learning and cognitive development 
leading to student-centred learning. In addition, serious games 
enable educators to attract students’ attention and involve 
them in educational experiences to achieve learning goals 
[19]. 

B. Serious Game 
The first concept of serious game was introduced by Clark 

Abt in 1970, categorised as an entertaining interactive game 
that allowed players to experience a variety of situations that 
are impossible to be experienced in the real world [20]. 
Popular digital games include action games, adventure games, 
strategy games, and puzzle games. 

Serious games are games developed not just for 
entertainment but also used in business, treatment, medicine, 
education, health, advertising, and military training. Apart 
from entertainment, the main purpose of serious games is to 
train and educate players. One of the most popular serious 
games is America’s Army utilised by the U.S. Army’s as a 
tool in the process of military recruitment and training in the 
United States. Serious games have also been used in 
healthcare such as clinical decision-making and patient 
interaction [21]. 

Serious games have benefited through interactive learning 
strategy that provides learning experiences with enjoyment, 
pleasure, motivation, ego gratification, and emotional change 
in terms of where, what, and how they learn [22]. Serious 
games can be considered as a proper educational tool which 
enhances learning and fulfils students’ needs and 
requirements. According to [21] there is a variety of serious 
game applications that are applied in computer science, 
physic, engineering, science, and language learning. Serious 
games challenge students to think critically in problem-
solving. 

C. Serious Game for Education 
Digital games in learning are also known as game-based 

learning, educational games, and serious games aimed at 
teaching specific subjects to attract and interest students while 
providing a fun learning experience. Digital game-based 
learning is the integration of educational content with 

computer and video games to engage and motivate beyond 
leisure activities [21] compared to traditional learning 
methods. Serious games have been proven to not only attract 
students to play but also to interest them to interact with the 
games that create a real learning experience and help them 
achieve their mission and learning goals of a given subject 
[23]. According to [20] digital games are very flexible and 
have the advantages of applying the learning principles and 
orientations that provide the theoretical foundation as to the 
efficacy of digital game as a pedagogical tool. One of the most 
popular games among students today is Minecraft [24]. 
Previous studies found that Minecraft has benefited students to 
collaborate as learning progresses. 

To implement the use of serious games in education, they 
must have the advantage of being an interesting, 
enjoyable[25], motivating, and effective learning tool [26]. 
Serious games have several advantages in education such as 
providing a more attractive learning environment for 
achieving better learning outcomes [27] that can attract 
students’ attention, interest [25], motivation [28] and engage 
them in educational experiences with a view to achieving 
specific learning goals and outcomes [25]. Additionally, 
serious games can increase the efficiency and ability of 
students [29] and help them understand the content of lessons 
[30] improve high productivity skills and self-efficacy [31]. 
Serious games implement the principles of learning by 
applying various elements as described in the behavioural, 
cognitive [21], and constructive theories [32]. They also 
enable development of thinking strategies such as problem-
solving, critical thinking, collaborating, creative, automaticity 
and a host of other higher order thinking skills [25]. 

The acceptance of digital games by the current net 
generation is better because they are born in the era of digital 
technology industry. According to [33] the perception, interest 
and tendency to video game have a high inclination of 
children. Furthermore, computer games are today important 
part of children’s leisure and this generation has game-based 
learning skills [34]. The use of digital games is capable of 
building the skills required by the net generation, therefore, 
they should be embedded in school learning. In addition 
game-based interaction makes their learning more effective 
[34] and interesting especially among young learner. 
Furthermore, good serious game design for education has 
great potential to train or educate students in improving 
thinking skills which is the main agenda of education in 
Malaysia in particular. This is because the aspects of digital 
games involve the selection of strategies and resolution of 
conflicts as well as problems which are related to one’s 
thinking skills [3]. Playing digital games also embeds critical 
thinking skills among students to obtain and find solutions in 
gamified situations. 

III. METHOD 
This study was conducted through semi-structured 

interview sessions with two School Improvement Specialist 
Coaches (SISC+) the officers from the District Education 
Office (DEO) and eight science teachers to identify the 
application of the HOTS elements in a science subject. 
Respondent selections were based on their knowledge and 
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experience in implementing HOTS in science. In addition, 
document analysis was conducted to investigate teachers’ 
knowledge of HOTS and the applicability of this element 
through documents used by teachers in teaching and learning 
science. Data from these documents were used to verify the 
information obtained from the interviews. The documents 
analysed in this study were the daily lesson plans (DLPs). 
Further investigation to identify students’ expectations of 
interface game design was conducted involving 60 primary 
school students using two educational games - Electric Circuit 
and Learning Circuit. The features for interface game design 
identified from previous studies were used in a questionnaire. 

IV. RESULTS AND DISCUSSION 

A. Interview 
Based on the interviews conducted, the teachers reported 

that students had difficulties understanding the concepts of 
science due to several factors. One of the main factors is that 
science education is said to be abstract, indirectly affecting the 
attitude of students in science education. The implications of 
this situation have left students feeling less interested, less 
motivated, anxious, and worried about the science subject. 
This situation has led to a decline in students’ achievement in 
science. 

Moreover, the elements of HOTS are difficult to be 
implemented in science teaching and learning. Although the 
learning approach used is student-centred, the students are still 
exposed to memorisation and exam-oriented techniques. 
Teaching and learning activities are limited to the classroom 
setting only which cause students to not remember the things 
they have learned. However, students like to perform 
experiments, but they still do not understand the related 
science concepts. They are finding it difficult relating HOTS 
in science to daily life. HOTS situation experienced at home 
cannot be applied when visualised in the form of a question. 
This situation leads to the weakness in the aspect of students’ 
thinking skills as they are less trained to think broadly and 
critically. 

The study has also found that teachers’ knowledge of 
HOTS are still low as some of them could not explain all the 
HOTS elements. Despite the exposure to the HOTS elements 
of teaching, it is evident that teachers are still unclear about 
the use of the elements in teaching and learning. The findings 
also showed that teachers are not sure of the strategies and 
methods to incorporate thinking skills and how to train 
students for HOTS. Additionally, teachers are bound by the 
school schedule and still tied to the syllabus provided in the 
textbook. 

Currently, HOTS implementation in teaching and learning 
can also be applied using technology tools. However, 
interviews with SISC+ officers found that developers of 
educational digital games only cover contents that they felt 
necessary without considering the local syllabus and do not 
implement all HOTS elements. Moreover, existing games do 
not encourage users to think and do not generate inference 
skills. The finding is supported by previous study [8] which 
existing digital games are developed without considering 
students’ learning styles, differentiation, and learning 

strategies. Table II summarises some of the most significant 
findings derived from the preliminary study related to the 
issues, challenges, and requirements in teaching HOTS in 
science from educators’ perception. 

TABLE II. THE ISSUES, CHALLENGES, AND REQUIREMENTS IN TEACHING 
HOTS IN SCIENCE EDUCATION FROM EDUCATORS’ PERCEPTION 

Category Issues / Challenges Requirements 

Student 
attitude 

1. Less interested in science 
2. Less motivated in science 
3. Have anxiety of science 
4. Low achievement in 

science 

1. Use digital game 
2. Use interesting 

interface design 
based on students’ 
perceptions  

3. Use of ARC theory 
(motivation) 

HOTS in 
Science 

1. Student cannot answer the 
HOTS questions 

2. Difficult to understand the 
concept of HOTS in 
Science 

3. The HOTS situation 
experienced at home 
cannot be applied when 
visualised in the form of 
question. 

4. Students are not able to 
retain in memory the 
things they have learned 

5. Students like to perform 
experiment, but still do 
not understand the related 
science concepts. 

6. Difficulty relating science 
to daily life. 

Implementing HOTS in 
game designs through 
tasks/challenges 

Teaching 
strategy 

1. Teaching students skill to 
answer exam questions 
only (low thinking skill) 

2. Teachers’ knowledge of 
HOTS are still low 

3. Teachers are not sure the 
strategies and methods 
that can be used to 
incorporate thinking skills 
and how to train students 
for HOTS. 

Designing HOTS in 
context of Science 
subject 

Technology 
approaches 

1. Technology tools being 
used in teaching and 
learning such as 
Courseware, Video, 
Audio, Internet, 
Simulation, and Game 
digital 

2. Existing contents that 
developer felt necessary 
without considering the 
local syllabus.  

3. Existing games do not 
encourage users to think 

4. Not all HOTS elements 
are implemented in the 
existing games 

5. The content of existing 
games do not relate with 
real life situations 

6. Existing games do not 
generate inference skills 

1. Implementing 
digital game 
approach focused 
on HOTS 

2. Considering local 
education syllabus, 
which are KSSM 
and KSSR. 

3. Implementing 
HOTS elements in 
digital games 
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B. Document Analysis 
The results of the document analysis show that teachers 

did not specify the HOTS elements planned in writing in their 
daily lesson plans. Students were not trained to perform high-
level thinking during teaching and learning. The teaching and 
learning methods such as experiments are still tied to the 
syllabus provided in the textbook. The findings have also 
shown that the teachers did not use varied teaching aids to 
implement the HOTS elements. The teachers only used 
textbooks and no teaching aids. In conclusion, teachers still 
have difficulties in implementing HOTS in teaching and 
learning. Furthermore, the implementation of all HOTS elements 
is not yet done in the teaching and learning of science. 

C. Questionnaire 
Studies showed that the students have very high interests 

in using digital games for learning purposes [4]. However, 
there are some requirements for more interactive learning 
experiences in digital games based on students’ expectations. 

The results show that students rating is less than 3.0 (mean 
score) for the interface game design elements, text, image, 
audio, and animation. These are important elements to attract 
students to play games while learning science. Based on these 
games, the students reported that they find it difficult to 
understand the language, terms and the meaning of the 
sentences. The language used does not match their age 
although the role of language is important to understand the 
content of the game. Therefore, the use of familiar language 
and the means of delivering information in the form of 
sentences should be concise to facilitate students’ 
understanding of the game’s content. 

Additionally, these games have shown the use of unrelated 
and uninteresting images for science learning, indirectly 
making it difficult for students to grasp the content. Science is 
a subject that involves real-life environment, therefore, the 
animated images in games need to be interesting and relatable 
to real situations that link science to everyday life. 

The use of unattractive audio has also bored the students. 
This shows that the use of audio is important to attract 
students in this age group to play the game. Therefore, using 
interesting and appropriate background music and sound 
effects related to the realistic story, environment, character, 
component and movements for science learning are important 
so that students do not get bored but are more excited to play 
while learning. 

Moreover, the use of uninteresting animations has left 
students bored and less interested in the game. The use of 
interesting and compatible animations in term of story, 
environment, character, component and movements that relate 
to the real situation for science learning are important for 
engaging students at play and at the same time learning science. 

The findings have shown that even though these games are 
developed for learning science, the requirements of the games 
selected must be aligned with users’ expectations of interface 
game design. It is important to attract students’ interest to play 
and enhance their motivation and thinking skills in science by 
using digital games. Table III shows results of the students’ 
game requirement survey. 

TABLE III. THE GAME DESIGN REQUIREMENTS FROM STUDENT’S 
PERCEPTION 

Requirement 
Mean 

Electric 
Circuit 

Learning 
Circuit 

The use of word is easy to understand 2.9 2.9 

The use of language is easy to understand 
science learning 2.35 2.65 

The meaning of the sentence is easy to 
understand science learning 2.35 2.65 

The use of images are related to science learning 2.98 2.95 

The use of background music for science 
learning is interesting 2.3 1.56 

The use of sound effects is suitable for science 
learning 1.56 1.96 

The use of animation for science learning is 
interesting 2.7 1.81 

The use of animation is appropriate 
(compatible) with science learning 2.98 2.9 

V. CONCLUSION 
HOTS elements are essential requirements to train students 

for higher thinking skills to meet the challenges of the future. 
Teaching and learning using serious games can encourage 
thought processes while playing. The requirements gathered 
from this study will be used to design a serious game to teach 
science. For future work will involve designing a serious game 
for teaching. 
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