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ABSTRACT 

STEM education is a key agenda for transforming the education system to produce students 

equipped with 21st-century skills to tackle the challenges of the modern world. Among 

STEM subjects, Biology is recognized as one of the most challenging to learn and teach. 

Within Biology, Cell Division is considered one of the most difficult topics, according to 

previous studies. Therefore, it is essential to develop innovations that help students to 

overcome the difficulties of learning Cell Division and enhance their learning process. Given 

the widespread ownership of mobile phones among students and the flexibility of mobile 

learning, mobile game-based learning (mGBL) presents a promising solution to address 

these challenges. In this study, a design-based research (DBR) approach was adopted, which 

consisted of two main phases. The first phase was a preliminary study to diagnose learning 

difficulties and identify design requirements, and the second phase involved the design, 

development, and testing of an mGBL application in collaboration with Biology teachers. A 

preliminary study was conducted, involving online interviews with three Biology teachers 

and self-administered questionnaires with thirty-one Form 4 students, to identify the 

challenges in learning Cell Division topic from both students’ and teachers’ views. The 

results revealed that students struggled with the topic due to cognitive, motivational, 

affective, social, and other challenges. Cognitive challenges were the most dominant, with 

students having difficulty memorizing content, distinguishing between similar terms, and 

understanding abstract concepts. The preliminary study also identified strategies suggested 

by both students and teachers to improve learning, including the use of games, visual aids, 

memory tools, and collaborative learning methods. Based on the findings from the 

preliminary study, an online mGBL application called Cell% was developed using the Flow 

Framework for Educational Games as the design framework and the mGBL Engineering 
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Model as the development methodology. After development, Cell% was implemented in 

Biology classes for approximately two weeks to assist teachers in teaching Cell Division. 

Data collection involved questionnaires with three Biology teachers and forty-two Form 4 

students to evaluate the playability of Cell% and its effectiveness in addressing the learning 

challenges identified in the preliminary study. The findings showed that Cell% had high 

playability and effectively addressed all learning challenges, with overall ratings ranging 

from 3.67 to 4.45 out of 5, especially in cognitive and affective aspects. However, its 

effectiveness in addressing social challenges was lower, indicating room for improvement 

in enhancing Cell% in this area. Additionally, feedback from students and teachers revealed 

general satisfaction with Cell%, though some suggested technical improvements, 

particularly in bug fixes, gameplay enhancements, and additional features. This study 

exemplifies the use of multi-perspective, problem-based game design in game-based 

learning, introducing a novel approach in game-based learning studies for Cell Division 

learning. 

Keywords: Mobile game-based learning, game-based learning, cell division, biology 
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Aplikasi Pembelajaran Berasaskan Permainan Mudah Alih dengan Integrasi 

Kebolehmainan bagi Menangani Cabaran dalam Pembelajaran Pembahagian Sel 

dalam Kalangan Pelajar Biologi Sekolah Menengah 

ABSTRAK 

Pendidikan STEM adalah agenda utama untuk mentransformasi sistem pendidikan bagi 

melahirkan pelajar yang dilengkapi dengan kemahiran abad ke-21 untuk menghadapi 

cabaran dunia moden. Antara subjek STEM, Biologi diiktiraf sebagai salah satu subjek yang 

paling mencabar untuk dipelajari dan diajar. Dalam Biologi, topik Pembahagian Sel 

dianggap sebagai salah satu topik paling sukar, menurut kajian terdahulu. Oleh itu, adalah 

penting untuk membangunkan inovasi yang membantu pelajar mengatasi kesukaran dalam 

mempelajari topik Pembahagian Sel dan meningkatkan proses pembelajaran mereka. 

Memandangkan penggunaan telefon bimbit yang meluas dalam kalangan pelajar dan 

fleksibiliti pembelajaran mudah alih, pembelajaran berasaskan permainan mudah alih 

(mGBL) dilihat sebagai penyelesaian yang menjanjikan untuk menangani cabaran-cabaran 

ini. Kajian ini menggunakan pendekatan reka bentuk berasaskan penyelidikan (DBR) yang 

merangkumi dua fasa utama, iaitu kajian awal untuk mendiagnosis kesukaran pembelajaran 

dan mengenal pasti keperluan reka bentuk, serta fasa reka bentuk, pembangunan dan 

pengujian aplikasi mGBL bersama guru Biologi. Kajian awal telah dijalankan, melibatkan 

temu bual dalam talian dengan tiga orang guru Biologi dan soal selidik yang diisi sendiri 

oleh tiga puluh satu orang pelajar Tingkatan 4, untuk mengenal pasti cabaran dalam 

pembelajaran topik Pembahagian Sel dari sudut pandang pelajar dan guru. Hasil kajian 

menunjukkan bahawa pelajar menghadapi kesukaran dengan topik ini disebabkan oleh 

cabaran kognitif, motivasi, afektif, sosial, dan lain-lain. Cabaran kognitif adalah yang 

paling dominan, di mana pelajar menghadapi kesukaran untuk menghafal kandungan, 

memahami konsep abstrak, dan membezakan istilah yang serupa. Kajian awal juga 



 

vi 

 

mengenal pasti strategi-strategi yang dicadangkan oleh pelajar dan guru untuk 

memperbaiki pembelajaran, termasuk penggunaan permainan, bahan pembelajaran visual, 

alat bantu ingatan, dan kaedah pembelajaran kolaboratif. Berdasarkan penemuan daripada 

kajian awal, sebuah aplikasi mGBL dalam talian yang dinamakan Cell% telah dibangunkan 

dengan menggunakan Rangka Kerja Aliran untuk Permainan Pendidikan sebagai kerangka 

reka bentuk dan Model Kejuruteraan mGBL sebagai metodologi pembangunan. Selepas 

pembangunan, Cell% telah dilaksanakan dalam kelas Biologi selama lebih kurang dua 

minggu untuk membantu guru mengajar topik Pembahagian Sel. Pengumpulan data 

melibatkan soal selidik dengan tiga guru Biologi dan empat puluh dua orang pelajar 

Tingkatan 4 untuk menilai kebolehmainan Cell% dan keberkesanannya dalam menangani 

cabaran pembelajaran yang dikenal pasti dalam kajian awal. Hasil kajian menunjukkan 

bahawa Cell% mempunyai kebolehmainan yang tinggi dan berjaya menangani semua 

cabaran pembelajaran, dengan penilaian keseluruhan antara 3.67 hingga 4.45 daripada 5, 

terutamanya dalam aspek kognitif dan afektif. Walau bagaimanapun, keberkesanannya 

dalam menangani cabaran sosial adalah lebih rendah, menunjukkan terdapat ruang untuk 

penambahbaikan dalam aspek sosial aplikasi ini. Di samping itu, maklum balas daripada 

pelajar dan guru mendedahkan kepuasan umum terhadap Cell%, namun ada yang 

mencadangkan penambahbaikan teknikal, terutamanya dalam membetulkan pepijat, 

penambahbaikan permainan, dan ciri-ciri tambahan. Kajian ini menggambarkan 

penggunaan reka bentuk permainan berasaskan masalah dan pelbagai perspektif dalam 

pembelajaran berasaskan permainan, yang memperkenalkan pendekatan baru dalam kajian 

pembelajaran berasaskan permainan berkaitan pembelajaran Pembahagian Sel. 

Kata kunci: Pembelajaran berasaskan permainan mudah alih, pembelajaran berasaskan 

permainan, pembahagian sel, biologi 
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CHAPTER 1  
 

 

INTRODUCTION 

1.1 Study Background 

1.1.1 21st Century Learning 

Today, we live in a digital era, where everything is increasingly digitalized due to 

the rapid development of information and communication technology. However, many 

graduates still lack essential digital skills needed in the workplace (Tee et al., 2024), leading 

to a shortage of qualified workers (Rahmat et al., 2022). As technology transforms traditional 

roles, jobs are becoming more complex (Tsiligiris & Bowyer, 2021), and the skills required 

to thrive in the 21st century are constantly evolving (Nursetyo et al., 2024). In today’s 21st 

century educational era, the education system must be flexible and responsive to current 

needs and changes (Mohamad & Mustapha, 2022). Therefore, our education system should 

promote 21st century teaching and learning to equip learners with the skills needed to face 

future challenges. 

21st century learning is a student-centred approach that aims to develop essential 

skills known as the 4Cs, such as critical thinking and problem-solving, communication, 

collaboration, and creativity and innovation (Wulandari, 2021). Equipping students with 

these 21st century skills is crucial to help them succeed as global citizens (Tran, 2023) and 

remain competitive in the future (Chun & Abdullah, 2022). Therefore, fostering students’ 

21st century skills was one of the main objectives of the education transformation (Indah & 

Rohmah, 2020). 
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Students born in the 21st century are digital natives familiar with technology (Ahmad 

et al., 2020). Accordingly, 21st century education emphasizes technology’s role in fostering 

essential skills (Mohamad et al., 2023). For instance, Chen and Swan (2020) found that tech-

supported teaching enhances active learning, critical thinking, collaboration, and 

engagement, while Azhar et al. (2020) highlighted Frog VLE’s support for self-directed, 

student-centred learning. As traditional models struggle to meet modern demands, 

technology continues to drive innovation in education (Breech, 2022), making it essential 

for educators to keep pace with rapid technological advancements. 

Realizing the importance of learning in the 21st century learning, the Ministry of 

Education (MOE) launched the Malaysia Education Blueprint 2015 to 2025 (MEB) to ensure 

our education system is up-to-date and to produce students with skills that can meet the 

challenges of the 21st century, such as communication skills, critical thinking, and 

collaboration or Higher Order Thinking Skills (HOTS) (Ismail et al., 2018). To achieve this 

objective, MOE introduced several transformations in the education system in Malaysia, 

including efforts to strengthen Science, Technology, Engineering, and Mathematics (STEM) 

in schools (Idris et al., 2023). This focus stems from the fact that STEM has long been a key 

driver of job opportunities (Black et al., 2021), many high school and university students 

still struggle to achieve proficiency in the field (Lavi et al., 2021). 

1.1.2 STEM 

STEM refers to science-related fields including technology, engineering, and 

mathematics (Bell, 2016). STEM education is essential for developing STEM-literate 

citizens who can solve real-world problems (Storksdieck, 2016). 
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In Malaysia, STEM is seen as vital for national development and economic growth 

(Aspin et al., 2022). To address this, the Malaysian Higher Education Planning Committee 

introduced the 60:40 policy in 1967, aiming for 60% of upper secondary students in science 

and 40% in arts (Saleh, 2014). However, this target has never been achieved (Ismail et al., 

2019). In the recent year of 2024, only 50.8% of upper secondary students enrolled in STEM 

subjects, which still has not met the 60% goal set over fifty years ago (Azahar, 2024). Juhari 

and colleagues (2020) also reported a decline in students' interest in STEM, while Idris and 

colleagues (2023) noted persistently inconsistent enrolment that continues to fall short of 

targeted goals. 

This trend raises concerns about the future STEM workforce. For example, Malaysia 

needed 500,000 engineers and scientists by 2020 but had only 70,000 registered engineers, 

which is just 17% of the target (Vijaindren, 2018). From 2010 to 2021, fewer graduates 

entered STEM fields than other sectors (Khazanah Research Institute, 2024). Multiple 

factors contribute to the shortfall, including low student motivation, limited interest in STEM, 

instructional challenges due to insufficient resources and language shifts (Azahar, 2024), as 

well as gaps between rural and city areas, teacher competency gaps, inadequate STEM 

understanding, insufficient facilities, and negative attitudes or weak foundations among 

educators (Idris et al., 2023) 

Given these concerns, Malaysia must take steps to strengthen and improve STEM 

education. If these problems are not addressed, they could hinder the nation’s progress in 

science and technology. Therefore, effective and innovative strategies are needed to enhance 

STEM education and help Malaysia remain competitive in the global landscape (Juhari et 

al., 2020). 
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1.1.3 Biology 

Biology is one of the most challenging subjects to learn and teach among the STEM 

disciplines. According to Rozaidi and Ismail (2018), Biology is a science subject that focuses 

on life and living organisms in nature. It is a key requirement for admission into professional 

courses such as medicine, pharmacy, nursing, and various life science fields, including 

biotechnology, genetics, and ecology (Salleh et al., 2021).  

However, various studies have reported that students face difficulties in learning 

Biology. These challenges are largely due to the subject's abstract nature (Cimer, 2012; 

Ozcan et al., 2014), complex terminology (Cimer, 2012; Ozcan et al., 2014), and heavy 

reliance on memorization (Cimer, 2012; Ozcan et al., 2014; Hadiprayitno, 2019). Additional 

factors include traditional teacher-centred instructional methods (Cimer, 2012; Etobro & 

Fabinu, 2017; Hadiprayitno, 2019), poor student study habits (Agboghoroma & Oyovwi, 

2015; Cimer, 2012; Etobro & Fabinu, 2017), and limited educational resources 

(Agboghoroma & Oyovwi, 2015; Cimer, 2012; Etobro & Fabinu, 2017; Hadiprayitno, 2019). 

Salleh and colleagues (2021) also conducted a study on the challenges of learning Biology 

in the Malaysian context and reported similar findings, such as the concepts are too abstract, 

difficult to understand, and involve numerous complex terms that are hard to explain. Across 

these studies, one topic consistently identified as particularly challenging is genetics, 

especially the Cell Division (Agboghoroma & Oyovwi, 2015; Cimer, 2012; Doğru & 

Özsevgeç, 2018; Fauzi & Mitalistiaini, 2018; Hadiprayitno et al., 2019; Salleh et al., 2021). 

1.1.4 Cell Division 

Cell division is the process by which a single parent cell divides into two or more 

daughter cells. It is a crucial process in biology as it gives rise to all cells, which are the basic 
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unit of life and constitute every living organism (Shelden et al., 2019). However, 

understanding the cell division processes of mitosis and meiosis can be difficult for students 

at all educational levels, from elementary school to higher education (Murtonen et al., 2020). 

Numerous studies have highlighted that students often struggle to grasp the concept 

of cell division. These difficulties stem primarily from the abstract nature of the subject 

(Dikmenli, 2010; Kılıç et al., 2016; Nasharuddin et al., 2021; Özbudak & Özkan, 2014), 

misconceptions (Arslan & Arı, 2023; Dikmenli, 2010; Murtonen et al., 2020; Özbudak & 

Özkan, 2014; Rafat & Ali, 2023), and the use of complex terminology (Kılıç et al., 2016; 

Özbudak & Özkan, 2014; Salleh et al., 2021). Additional challenges include difficulties with 

memorization (Dikmenli, 2010; Murtonen et al., 2020; Salleh et al., 2021; Shelden et al., 

2019) and other factors (Frederick-Jonah & Tobi, 2022; Imboy et al., 2025). Collectively, 

these issues contribute to the overall challenge students face when trying to master this topic. 

1.2 Problem Statement 

Existing studies on learning difficulties in the topic of Cell Division (Basri & 

Abdullah, 2020; Chattopadhyay, 2012; Dikmenli, 2010; Kılıç et al., 2016; Murtonen et al., 

2020; Özbudak & Özkan, 2014) have primarily focused on the cognitive perspective, 

particularly misconceptions among learners (Chattopadhyay, 2012; Dikmenli, 2010; 

Murtonen et al., 2020; Özbudak & Özkan, 2014). However, these studies have not taken a 

comprehensive perspective that includes aspects beyond cognitive aspect of learning. This 

trend aligns with Quílez-Robres and colleagues’ (2021) claim, where the recent studies 

emphasize on the impact of cognitive factors on learning performance, often overlooking 

motivational, emotional, and social influences. Therefore, it is important to diagnose 

learning challenges from multiple dimensions, including cognitive, motivational, affective, 
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and social perspectives, to provide a more comprehensive understanding of the learning 

challenges students face in the Cell Division topic. Furthermore, incorporating both students’ 

and teachers’ views is crucial, as teachers play a key role in shaping the learning environment. 

A dual perspective can offer deeper insights into the learning difficulties and inform the 

development of more effective teaching strategies. 

Moreover, most of the related previous studies are from other countries, such as 

Turkey (Dikmenli, 2010; Kılıç et al., 2016; Özbudak & Özkan, 2014), India (Chattopadhyay, 

2012), and Finland (Murtonen et al., 2020), with only one study (Basri & Abdullah, 2020) 

is from the local context of Malaysia. While the learning challenges highlighted in these 

previous studies may be similar in Malaysia, there is limited research specifically conducted 

within the local context. Therefore, it is essential to investigate whether the learning 

challenges identified in existing studies are applicable to Malaysia.  

Once these learning challenges are identified, it is important to find effective ways 

to overcome them. Exploring suitable learning design interventions is therefore essential. 

Salleh and colleagues (2021) suggest using student-centred strategies and providing 

adequate resources to make Biology learning more engaging and effective. 

One potential solution is the use of digital games, which have emerged as promising 

tools to support modern learners, especially students of the 21st century who are digital 

natives familiar with technology (Ahmad et al., 2020). Building on this, game-based learning 

(GBL) has shown strong potential to enhance students' learning experiences. A growing 

body of research highlights its positive impact on students’ conceptual understanding 

(Corredor, 2011; Kanyapasit & Srisawasdi, 2014; Shamsudin et al., 2020; Wilson et al., 

2018), academic performance (Nasharuddin et al., 2021), social interaction (Corredor, 2011), 
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and motivation (Shamsudin et al., 2020; Sumandal, 2023), particularly in genetics or Cell 

Division topic. 

Despite these benefits, the implementation of digital games in education is often 

constrained by unequal access to technology. According to the findings from MOE’s survey 

that involved 900,000 students in 2020, there are 46% of students have mobile phones, 5.67% 

of students have a tablet, 6% of students own a personal computer and 9% of students have 

a laptop (Teo, 2021). Additionally, according to the ICT Use by Individuals Survey in 2023, 

80.4% of individuals own a computer and 99.4% have access to a mobile phone (DOSM, 

2024). Based on the findings from both MOE and DOSM surveys mentioned above, mobile 

phones appear to be a more appropriate choice for digital learning, given the lower 

ownership rates of computers and laptops among students.  

Therefore, as mobile phones are the most widely owned devices among students (Ni 

et al., 2021), mGBL could be a promising innovation to facilitate students’ learning.  As Lin 

and colleagues (2014) mentioned, if students can use their mobile phones for learning instead 

of killing time when free, their learning efficiency may be enhanced. mGBL has become a 

new trend in education due to the convenience of running user-friendly applications on 

mobile devices (Cahyana et al., 2017). However, despite its potential, there is still limited 

research on how effective mGBL is in addressing specific learning challenges in Cell 

Division while also providing a highly playable experience. 

1.3 Research Questions 

Based on the problem statements mentioned above, this study aims to address the 

following research questions: 
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i. What are the underlying problems of learning Cell Division topic among 

secondary school students in Malaysia from both students’ and teachers’ 

views? 

ii. How can an mGBL application be designed and developed to ensure high 

playability while addressing challenges in learning Cell Division? 

1.4 Purpose of Study 

Based on Giannakas and colleagues (2017), the research on mGBL in STEM 

education is still “at a rather building stage”. Therefore, the present study focused on 

developing an mGBL application for secondary school students to learn Cell Division topic. 

However, before development, it was important to identify the challenges students face in 

learning Cell Division, as this would guide the design framework for the mGBL application. 

Both students’ and teachers’ views should be considered to provide comprehensive insights 

from multiple viewpoints. Thus, the present study sought to identify learning challenges in 

Cell Division topic from both students’ and teachers’ views. Based on the identified learning 

challenges, an mGBL application was developed as a learning intervention to address these 

challenges. Additionally, assessing the playability of the mGBL application was crucial to 

ensure its user-friendliness. Overall, the research objectives of the study are as listed below: 

i. To explore the learning difficulties in the Cell Division topic from both 

students' and teachers' perspectives. 

ii. To design and develop an mGBL application with high playability that 

would address challenges identified in the learning of Cell Division. 
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1.5 Study Scope 

The present study focuses on designing and developing an mGBL application to 

assist students in learning the Cell Division topic, which is Chapter 6 of the Form 4 Biology 

textbook (Gan et al., 2019), based on the Malaysian National Secondary School Standard 

Curriculum (KSSM). The mGBL application was developed for the Android operating 

system, as it is currently the most widely used mobile operating system globally 

(Subscribed.fyi, 2024). The language of the content in the mGBL application is based on the 

language used by the Biology teachers in their teaching.  

The target participants of this study include Form 4 students who are currently 

enrolled in the Biology subject and have just completed learning the Cell Division chapter. 

This ensures that students have prior exposure to the topic and are able to reflect on the 

specific learning difficulties they encountered. The study also involves experienced Biology 

teachers who teach the Form 4 syllabus, as their insights provide a deeper understanding of 

students’ learning challenges in the Cell Division topic. 

In terms of digital literacy, both students and teachers involved in the study are 

required to own or have access to an Android mobile phone and be familiar with using it. 

This is to ensure smooth interaction with the mGBL application during the intervention. 

However, prior experience with mobile gaming is not required, as one of the objectives of 

the study is to evaluate the application's playability and user-friendliness, even among users 

who are not regular mobile gamers. 

1.6 Rationale of Study 

The present study is significant because it aims to address the learning challenges 

students face in the Cell Division topic, which is part of the Form 4 Biology curriculum in 
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Malaysia. By exploring the difficulties from both students’ and teachers’ perspectives, the 

study offers a more complete understanding of the problem. It also goes beyond the usual 

focus on students’ understanding by considering motivational, emotional, and social factors 

that affect learning. 

To support students’ learning, this study introduces an mGBL application designed 

specifically for the Cell Division topic. As many students today are familiar with mobile 

devices, this application offers a flexible and engaging way to support both classroom 

teaching and self-learning. 

In addition, this study contributes to the field of educational technology by showing 

how mGBL can be designed based on real learning challenges and multiple learning needs. 

It can serve as a practical reference for educators, researchers, and developers interested in 

using mobile games to improve science education. 

1.7 Definition of Terms 

The present study utilises several terms that require explanations to facilitate 

understanding of the study. The terms operationalized in this study are game, gamification, 

game-based learning, and mobile game-based learning. 

1.7.1 Game 

There are many definitions for the term “game”. Based on Salen and Zimmerman 

(2004), the definition of game is “a system in which players engage in an artificial conflict, 

defined by rules, that results in a quantifiable outcome”. In simple words, a game is a system 

that provides a boundary between the virtual game environment and the real world, where a 

player interacts with the game environment by following a set of defined game rules to 
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achieve a certain quantifiable goal. Game is also referring to “structured activities carried 

out for pleasure, according to certain written or unwritten rules” (Chatfield, 2010). Games 

can be represented in various forms, either in no tech, such as hide and seek, or in high tech 

like digital games.  

The present study adopts Salen and Zimmerman’s (2004) definition of game because 

it is one of the most frequently cited definitions in game-related studies (Stenros, 2022). 

1.7.2 Game-Based Learning (GBL) 

GBL refers to the use of games in educational contexts to achieve educational 

objectives, such as learning and behavioural change (Connolly et al., 2012). GBL is also 

defined as the use of actual games to impart knowledge and skills (Mohamad et al., 2017). 

According to Shaffer and colleagues (2005), the definitions of GBL typically highlight that 

it involves gameplay designed to achieve specific learning outcomes. GBL is often discussed 

in the same context as serious games (Boyle et al., 2016). While gamification involves using 

game mechanics in a non-game context, GBL emphasizes learning through the gaming 

experience itself.  

In this study, Connolly and colleagues’ (2012) definition of GBL was adopted 

because it highlights the role of games in achieving learning and behavioural change, rather 

than just teaching knowledge and skills to learners (Mohamad et al., 2017), which aligns 

with the present study’s goal of addressing learners’ challenges. 

1.7.3 Mobile Game-Based Learning (mGBL) 

mGBL refers to a game that includes a summary of the lesson topic, is structured 

across various educational levels, aligns with the current curriculum, and is designed to 
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function on mobile devices (Cahyana et al., 2017). Based on Shiratuddin and Zaibon (2011), 

mGBL also refers to a game specifically designed for educational purposes that can be 

played on mobile phones, smartphones, PDAs, or other handheld devices.  

In this study, mGBL refers to a game designed for learning purposes and played by 

mobile devices, because it is more straightforward and clearer, making it easy to understand. 

It highlights key aspects such as the game’s focus on learning goals, and its compatibility 

with mobile devices, as stated in Shiratuddin and Zaibon’s (2011) definition. 

1.7.4 Cell Division 

Cell division refers to the process by which a eukaryotic cell undergoes structural 

and functional splitting, resulting in the formation of two daughter cells (Baluška et al., 2006). 

According to Martin and Hine (2015), cell division is defined as the process by which a 

single parent cell divides into two or more daughter cells. Ferry and colleagues (2018) 

provide a similar definition, describing cell division as the fundamental process by which a 

parent cell divides, producing two identical daughter cells. 

In this study, Martin and Hine’s (2015) definition of cell division was adopted 

because it is straightforward and aligns with the study context. 

1.7.5 Cognitive Challenge 

Cognitive challenge is defined as a characteristic or aspect of mental processing that 

can affect the success or failure of learning (Chew & Cerbin, 2021). According to Arthur 

and Akwetey (2021), these cognitive challenges involve students’ mindsets, issues with 

metacognition and self-regulation, fear and mistrust, insufficient prior knowledge, 
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misconceptions, ineffective learning strategies, difficulties in transferring learning, and 

limitations due to selective attention, mental effort, and working memory. 

In this study, Chew and Cerbin’s (2021) definition of cognitive challenge was 

adopted, as it aligns with the study’s focus on learning difficulties. 

1.7.6 Social Challenge 

Social challenge refers to conditions or behaviours that negatively affect an 

individual’s personal, academic, or social life, and may also impact the well-being of 

communities (Thelma, 2023). According to Thelma (2023), these challenges often involve 

social issues such as interpersonal conflicts, social exclusion, peer pressure, or 

communication barriers, which can hinder learning and participation. Social challenges are 

typically complex, with differing public views on their causes and solutions, and are 

commonly encountered in modern society. 

However, Thelma’s definition of social challenge is based on a broader social science 

context and does not fully match the focus of this study, which is on learning difficulties. 

Therefore, in this study, social challenge is defined as social factors in the learning 

environment, such as lack of peer support and poor interaction with peers or teachers, that 

make it difficult for students to engage, participate, and learn effectively. 

1.7.7 Playability 

Playability is an ambiguous term that is often used but seldom defined (Paavilainen, 

2020). According to Sánchez and colleagues (2012), playability refers to the extent to which 

users can achieve their intended goals with effectiveness, efficiency, and especially a sense 

of satisfaction and enjoyment within the context of using the game. It is also defined as the 
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design quality of a game, shaped by its functionality, usability, and gameplay (Paavilainen, 

2020). Korhonen and Koivisto (2006) used the term playability as a set of heuristics to 

evaluate a mobile game’s usability, mobility, and gameplay. According to Korhonen (2016), 

a game has good playability when its user interface is easy to understand and the gaming 

platform does not distract the player, allowing full focus on the game itself. The gameplay 

becomes enjoyable and challenging when it is clear, appropriately difficult, and engaging. 

Shiratuddin and Zaibon (2011) expanded on Korhonen and Koivisto’s (2006) concept of 

playability by including learning content as an additional dimension. 

In this study, the definition of playability by Shiratuddin and Zaibon (2011) was 

adopted. Playability is measured as the average of four dimensions, which are game usability, 

mobility, gameplay, and learning content. This definition was chosen because this study used 

Shiratuddin and Zaibon’s (2011) heuristic evaluation strategy to assess the mGBL 

application, and it aligns well with the study context in the development of an mGBL. 

1.7.8 Problem-Based Game Design 

In this study, the term "problem-based game design" is defined as an approach where 

gameplay is structured to address real-world learning challenges through active game 

engagement. This term was coined by the researcher, as no existing literature was found to 

use this specific phrase. It was introduced to highlight a novel approach to game design that 

is specifically based on actual learning challenges, with those challenges being directly 

addressed and resolved through gameplay. 
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1.8 Chapter Summary 

In summary, this chapter discussed the study background, starting with the 

importance of 21st-century learning and STEM education. Within the context of STEM 

education, the subject of Biology has been a focus of the present study, as various studies 

have reported difficulties in learning Biology (Agboghoroma & Oyovwi, 2015; Cimer, 2012; 

Etobro & Fabinu, 2017; Hadiprayitno, 2019; Ozcan et al., 2014). To narrow the study’s 

scope, the topic of Cell Division was chosen, as it is one of the most challenging topics in 

Biology studies (Agboghoroma & Oyovwi, 2015; Cimer, 2012; Doğru & Özsevgeç, 2018; 

Fauzi & Mitalistiaini, 2018; Hadiprayitno et al., 2019; Salleh et al., 2021). Therefore, the 

present study aims to identify learning challenges in the Cell Division topic from both 

student and teacher perspectives and proposes mGBL as a solution to address these identified 

challenges. 
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CHAPTER 2  
 

 

LITERATURE REVIEW 

The present study focuses on designing and developing an mGBL application for 

Cell Division learning. Accordingly, this literature review first examines the general 

difficulties students face in learning Biology, followed by a review of the most challenging 

topics identified in the Biology curriculum, with a particular focus on the Cell Division topic. 

It then explores key concepts related to play in learning, the use of games in education, GBL, 

mGBL, relevant game design models, development methodologies, and learning theories 

that inform the creation of the mGBL application. 

2.1 The Difficulties in Learning Biology 

Several studies reported difficulties in learning Biology (Agboghoroma & Oyovwi, 

2015; Cimer, 2012; Etobro & Fabinu, 2017; Hadiprayitno, 2019; Ozcan et al., 2014), and 

the factors that cause difficulties in learning Biology can be categorized into four main 

factors, which are the nature of the Biology subject, teacher’s teaching style, students’ 

attitude and study habit, and environment and resources factor. Table 2.1 below shows the 

review of research about the reasons behind the difficulties of learning Biology. 

Table 2.1: The Difficulties of Learning Biology Reported in Studies 

 

Authors 

The Difficulties in Learning Biology 

The Nature of 

the Biology 

Subject 

Teacher’s 

Teaching style 

Student’s 

Attitudes and 

Study Habits 

Environment 

and Resources 

Factor 

Cimer (2012) Based on 

memorization  

Abstract 

topics  

Non-

professional 

Biology 

teacher  

Poor study 

habits  

 

Unavailable 

instructional 

materials  
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Table 2.1 continued 

 Including 

foreign words  

Complex 

topics  

Too detailed 

knowledge  

Vast syllabus 

Not taught as 

associated 

with daily 

life  

 

Negative 

attitudes 

towards 

Biology   

 

Lack of 

laboratory 

for practical 

Insufficient 

lesson time 

 

Ozcan et al. 

(2014) 

Too detailed 

knowledge  

Complex 

topics  

Based on 

memorization  

Connection to 

daily life is 

difficult 

Including 

foreign words  

Abstract 

topics  

 

 

 

 

  

Agboghoroma 

& Oyovwi 

(2015) 

Vast syllabus  

Abstract 

topics 

Non-

professional 

Biology 

teacher  

Poor study 

habits  

Lack of 

laboratory 

for practical 

Etobro & 

Fabinu (2017) 

Abstract 

topics  

Complex 

topics  

Misconception 

of topics  

Poor attitude 

of teachers  

Poor study 

habits  

Unavailable 

instructional 

materials  

Lack of 

practical 

classes  

Hadiprayitno 

(2019) 

Based on 

memorization  

Connection to 

daily life is 

difficult 

 

Monotonous 

teaching style 

Incomplete 

delivery of 

material  

Shallow 

discussion of 

material 

 Learning 

environment 

that is not 

conductive 
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First, the learning challenges stem from the nature of Biology itself. Unlike 

Chemistry and Physics, which rely heavily on logic and calculations, Biology always stands 

on its own as a separate subject (Wahid & Talib, 2017), which relies largely in memorization 

(Cimer, 2012; Ozcan et al., 2014; Hadiprayitno, 2019). Cimer (2012) noted that Biology 

includes numerous abstract concepts, making it difficult for students to visualize complex 

biological processes invisible to the naked eye. This abstractness and complexity can lead to 

misconceptions that negatively affect students’ learning. Microscopic topics, such as Cell 

Division, are particularly challenging unless their content is visually represented and 

connected to daily life (Ozcan et al., 2014). Moreover, the overloaded curriculum with 

detailed content, and inclusion of unfamiliar Latin terms in Biology textbooks further 

contribute to learning difficulties (Cimer, 2012; Ozcan et al., 2014). Additionally, 

genetically related topics, including mitosis, meiosis, genes, and chromosomes, are often 

cited as the most difficult to understand (Matawali et al., 2019). Such struggles can 

significantly impact students’ motivation and academic achievement in Biology 

(Hadiprayitno, 2019). 

Second, teacher-centred teaching styles negatively affect students’ learning in 

Biology. According to Hadiprayitno (2019), many teachers rely on theoretical and 

monotonous teaching style with little practical work or student-centred approaches, failing 

to connect lessons to daily life. This approach makes students perceive Biology as merely a 

subject requiring memorization, diminishing their interest and motivation to learn 

(Hadiprayitno, 2019). Additionally, the huge gaps between abstract concepts and reality 

make it harder for students to grasp complex topics. Teacher-centred methods also neglect 

student needs, because students just learn passively in the classroom (Etobro & Fabinu, 2017) 

and depends largely on the textbook that just required students to read and learn important 
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things only (Hadiprayitno, 2019). Moreover, Kelly’s (2012) learning pyramid suggests that 

students only acquire 5%-30% of knowledge through reading or writing, but 75%-90% 

through hands-on activities. Consequently, a lack of engaging and practical teaching deepens 

student boredom and reduces motivation. This problem gets worse when students are taught 

by unqualified Biology teachers. Their lack of knowledge or poor attitude can make students 

lose trust in them and develop negative feelings toward both the subject and the teachers 

(Cimer, 2012). 

Third, the difficulties in learning Biology arise from the students themselves. As 

reported by Cimer (2012), Agboghoroma and Oyovwi (2015), and Etobro and Fabinu (2017), 

poor learning habits cause the students to face difficulties when learning Biology. For 

example, not every student will do exercise and revise Biology regularly, and some students 

even may do not complete tasks and questions in Biology class. Furthermore, some students 

are not interested in what teachers were saying in class, so they just simply ignore and do 

not listen to the teacher (Cimer, 2012; Hadiprayitno, 2019). Hence, students will face 

difficulties in learning Biology because they do not study Biology well. The reason behind 

the poor study habits of students might be due to the nature of Biology subject, the teachers’ 

teaching style, or lack of interest in Biology also. 

The last factor contributing to difficulties in learning Biology is the environment and 

resources. According to findings by Cimer (2012), Agboghoroma and Oyovwi (2015), 

Etobro and Fabinu (2017), and Hadiprayitno (2019), these challenges arise due to limited 

facilities and infrastructure. Cimer (2012) emphasized that students need to do experiments 

and practical work to connect abstract knowledge from class to real-life applications. 

Without access to school laboratories, students miss the opportunity to engage in hands-on 



 

20 

 

activities, which negatively impacts their learning. Moreover, insufficient lesson time often 

forces teachers to rush through content, resulting in a less conducive learning environment 

for students (Hadiprayitno, 2019). 

In sum, if students had trouble in learning Biology as mentioned above, there will be 

a great negative impact on the students’ learning in Biology.  

2.2 The Most Challenging Topic in Biology Curriculum 

While the studies highlight students’ difficulties in learning Biology, most focus on 

the subject as a whole rather than specific topics. Therefore, identifying challenging areas 

within Biology is essential for providing targeted support. Global research has identified 

various difficult topics. For example, Cimer (2012) found that material cycles, endocrine 

systems, aerobic respiration, cell division, and genes and chromosomes were among the most 

challenging topics for students in Turkey. Similarly, Agboghoroma and Oyovwi (2015) 

identified heredity, genetics, and ecology as the toughest topics for Nigerian students. Doğru 

and Özsevgeç (2018) reported that Turkish teacher candidates struggled with cell division, 

controller and regulatory systems, chromosomes, and genes, while Fauzi and Mitalistiaini 

(2018) highlighted genetics, immune systems, and metabolism as the most difficult areas for 

Indonesian undergraduate students. Additionally, Hadiprayitno and colleagues (2019) found 

that bacteria and viruses, endocrine systems, cell structure, genetics, and the nervous system 

particularly challenging in Indonesia. For local context in Malaysia, Salleh and colleagues 

(2021) identified cell division, cell structure and organization, and chemical composition 

within the cell as difficult topics for students and teachers. Overall, these findings 

(Agboghoroma & Oyovwi, 2015; Cimer, 2012; Doğru & Özsevgeç, 2018; Fauzi & 

Mitalistiaini, 2018; Hadiprayitno et al., 2019; Salleh et al., 2021) consistently show that 
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genetics-related topics, particularly Cell Division, are among the most challenging in the 

Biology curriculum. 

2.3 The Difficulties in Learning Cell Division Topic 

There have been many studies that have focused on identifying the learning issues of 

students in genetics or the topic of Cell Division. For instance, Dikmenli (2010) found that 

Biology student teachers in Turkey often confused the stages of cell division, especially 

meiosis, leading to misconceptions. Similarly, Chattopadhyay (2012) revealed that Indian 

secondary students struggled to differentiate between mitosis and meiosis. Additionally, 

Kılıç and colleagues (2016) compared genetics comprehension in English and Turkish 

students, highlighting how educational contexts shape understanding. For the local context 

in Malaysia, Basri and Abdullah (2020) reported that Form 4 students in Sabah had limited 

knowledge of genetic concepts, particularly genes and chromosomes. 

Overall, the difficulties in learning Cell Division topic can be attributed to the 

abstract nature of the topic, misconceptions, complex terminologies, memorization problems, 

and the others. Firstly, the abstract nature of the Cell Division topic presents a challenge for 

students to learn. According to Dikmenli (2010), abstract concepts such as chromatin, 

chromatid, centriole, centromere, chromosomes, and spindle fibres are challenging for 

students to understand due to the changes they undergo during each phase of cell division. 

Additionally, the invisibility of genetic phenomena requires higher levels of abstract 

thinking (Kılıç et al., 2016). Students must visualise and conceptualise the processes and cell 

structures to grasp the topic effectively (Nasharuddin et al., 2021). This is supported by 

Mussard and Reiss (2022), who mentioned that students found it difficult to visualize the 

abstract, molecular-level concepts in the topic. Furthermore, Özbudak and Özkan (2014) 
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noted that the complexity of these concepts often exceeds students’ cognitive abilities, 

making it difficult for them to apply the knowledge to real-life contexts. 

Misconceptions are common among students when learning about the topic of Cell 

Division. According to Özbudak and Özkan (2014), teachers observed that students often 

misunderstand concepts such as genes, DNA, chromosomes, phenotypes, genotypes, and the 

processes of mitosis and meiosis. Rafat and Ali (2023) also observed that although students 

may recall factual information about cell division, they frequently struggle to comprehend 

the underlying principles, resulting in misconceptions. In particular, students often struggle 

to distinguish and make connections between mitosis and meiosis. For instance, Dikmenli 

(2010) found that students struggled with the relationships between these processes, often 

confusing concepts like the cell cycle and haploid and diploid cells. Similarly, Murtonen and 

colleagues (2020) reported misconceptions about bivalents and diploidy/haploidy, indicating 

a lack of understanding of the fundamental differences between mitosis and meiosis. 

Additionally, Arslan and Arı (2023) found that students frequently mix up the stages of 

meiosis and mitosis because they involve similar events in nuclear and cytoplasmic division. 

Their study also revealed that students tend to hold the misconception that meiosis produces 

two cells, likely because meiosis occurs in two stages, and students observe the formation of 

two cells after the first stage, leading to this misunderstanding. 

Cell Division is a complex topic that poses a challenge for students due to the 

multitude of biological and complex terms they need to learn, which can lead to confusion 

(Salleh et al., 2021). Kılıç and colleagues (2016) noted that genetics includes visually and 

phonetically similar terms, making comprehension difficult. Moreover, Özbudak and Özkan 

(2014) identified terms like modification, adaptation, gene, nucleotide, chromosome, 
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organic bases, meiosis, DNA, and heterozygote are hard for students to grasp from Biology 

teachers’ views. Their study also found that students often struggle to differentiate between 

nucleotide, gene, DNA, and chromosome due to a lack of activities that help them understand 

the relationships between these terms. 

Additionally, students’ struggles with concepts and terminology in Cell Division can 

lead to memorization issues. According to Shelden and colleagues (2019), many Biology 

students memorize the stages of cell division from textbooks. However, without a deep 

understanding of the underlying biology behind these events, both students (Murtonen et al., 

2020; Salleh et al., 2021) and Biology teachers (Dikmenli, 2010) may struggle to 

comprehend and memorize the processes. Even if students can memorize the content, it does 

not necessarily mean that they have mastered the topic. 

Apart from challenges like the abstract nature of the topic, misconceptions, complex 

terminology, and memorization issues as mentioned earlier, there are other factors that 

contribute to difficulties in learning the Cell Division topic. For example, Frederick-Jonah 

and Tobi (2022) identified factors such as a lack of experienced teachers, insufficient 

practical classes, incomplete curriculum coverage, the complexity of cell biology, omission 

of some areas, and limited use of ICT in teaching. Furthermore, a lack of learning resources 

can hinder students' ability to understand, memorize, and apply knowledge about cell 

division effectively (Imboy et al., 2025).  Therefore, it is evident that the factors hindering 

students’ learning of the Cell Division topic are not only cognitive, such as the abstract nature 

and misconceptions, but also involve other factors from various perspectives. 
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2.4 Play in the Learning Context 

Psychologists like Piaget and Vygotsky have emphasized the importance of play in 

cognitive development. Based on Piaget (1962), play helps children activate schemas, 

allowing them to transcend their immediate reality, such as pretending an eraser is a car to 

develop symbolic thinking. Similarly, Vygotsky (1978) viewed play as the “leading factor” 

in development, creating a zone of proximal development where children can achieve 

beyond their current abilities with adult guidance or peer interaction. Building on these 

theories of play, Plass and colleagues (2015) suggested that they can be applied to 

educational game design, where games should aim to be within the player’s zone of proximal 

development by balancing difficulty to maintain engagement without causing boredom or 

frustration. 

2.5 The Use of Game in Learning 

According to Gee (2003), games can facilitate learning by embedding content into 

gameplay, allowing players to actively engage and acquire knowledge. The fun and playful 

nature of games has led to their growing use in education to enhance teaching and learning. 

As a result, gameful approaches like gamification, which applies game mechanics in non-

game contexts, and GBL, which enables learning through play, have gained popularity in 

recent years to boost student motivation and performance. 

2.6 Game-Based Learning 

GBL is widely recognized for improving players’ real-life skills (Chang et al., 2009). 

Although many studies show its effectiveness, it is important to understand how GBL aids 

the learning process. According to Plass and colleagues (2015), GBL can be examined 

through four foundations, including cognitive, motivational, affective, and sociocultural. 
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From the cognitive perspective, GBL enhances mental model construction and 

optimizes cognitive load during gameplay (Plass et al., 2015). The multimedia nature of 

digital games reduces cognitive load, helping learners store and consolidate visual and verbal 

information in working memory to link with prior knowledge (Mayer, 2014). Additionally, 

GBL supports Perkins and Salomon’s (1989) theory of knowledge transfer by offering 

repeated practice and encouraging knowledge abstraction for new applications. 

From the motivational perspective, games are effective at motivating players by 

providing enjoyable experiences (Plass et al., 2015). However, while educational games can 

enhance learning and motivation, some argue that the high engagement of entertainment 

games may not transfer to educational contexts (Hoffman & Nadelson, 2009). Hence, Zusho 

and colleagues (2014) suggested that video games can align with Eccles and colleagues’ 

(1998) key motivational questions, which are “Can I do this?”, “Do I want to do this, and 

why?”, and “What do I need to do to succeed?”. To deal with these questions, well-designed 

games should consider players’ abilities, guide them through tasks, and foster confidence 

through trial and error. To answer why players want to play, games should integrate intrinsic 

and extrinsic motivation, learning goals, and individual interest, ensuring the game 

mechanics support learning (Plass et al., 2015). 

From the affective perspective, GBL focuses on how game design can influence 

learners’ emotions, which in turn impacts learning performance (Plass et al., 2015). Studies 

show that positive emotions improve learning outcomes (Plass et al., 2014; Um et al., 2012). 

For instance, Plass and colleagues (2014) found that the visual design of content can affect 

emotions, while Um and colleagues (2012) discovered that round shapes and warm colours 

induce positive emotions, leading to better learning. These findings align with neuroscience 
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theories, which suggest that emotional arousal enhances memory formation (Dolcos et al., 

2004). Thus, emotions like joy, happiness, and fear can boost learning performance during 

gameplay. 

From the sociocultural perspective, GBL fosters social interaction and creates a 

supportive learning environment (Plass et al., 2015). For example, the gamification element 

of the leaderboard in an educational game promotes social pressure to compete with peers, 

influencing players to pay more attention and focus on the game, thus putting more effort 

into learning through gameplay. However, as mentioned earlier, game mechanics should 

align with intrinsic learning goals rather than just extrinsic motivators. Hence, the 

sociocultural aspect should be linked to relatedness in self-determination theory (Ryan & 

Deci, 2000), where players feel connected to others. For instance, a player is more likely to 

be engaged, satisfied, and eager to play again when they establish a connection with other 

players during gameplay (Ryan et al., 2006). In sum, the psychological need for relatedness 

is important for promoting a sense of presence, game enjoyment, and the intention for future 

play (Plass et al., 2015). 

While the theoretical benefits of GBL are well-supported, applying these principles 

in real-world educational settings remains challenging. Technological limitations such as 

lack of devices, poor internet connectivity, and infrastructure gaps are common, particularly 

in under-resourced schools (Yaman et al., 2024). Teachers also face difficulties due to 

limited training, low game literacy, and uncertainty about how to integrate GBL effectively 

into the curriculum (Hu & Sperling, 2022; Lindgren, 2018). In addition, rigid school policies 

and misalignment with curriculum objectives often restrict GBL adoption (Yaman et al., 
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2024). Students may also experience stress from competition, unclear instructions, or a 

perceived disconnect between gameplay and learning goals (Jääskä & Aaltonen, 2022). 

To address these issues, researchers recommend participatory and co-creation 

approaches that involve both teachers and students in game design, as well as selecting 

between digital, analogue, or hybrid formats based on context (Yaman et al., 2024). With 

proper support, training, and contextual alignment, GBL can be more effectively and 

sustainably integrated into formal education. 

2.6.1 GBL Research in Biology Learning 

There are several GBL research, which is specifically for students to learn Biology 

was done in these recent years. Stenerson and colleagues (2011) developed “Meta!Blast,” a 

3D action game aimed at improving understanding of plant cells, which included an in-game 

database called as “Biolog” to maintain player engagement and allowed teachers to modify 

content for classroom integration. Next, an online computer game called “The Medication 

Game”, was developed by Foss and colleagues (2014) to help nurse students practise 

standard medical units. Additionally, Christopoulos and colleagues (2022) made “Virtual 

Reality Escape Room”, a virtual reality game that supports crossed platforms to learn about 

enzyme for upper secondary students, which improve their learning performance in short 

term and gets positive affective experience. These games highlighted the potential of GBL 

in improving students’ understanding and engagement (Stenerson et al., 2011), learning 

performance after frequent use of game (Foss et al., 2014) or in short term (Christopoulos et 

al., 2022), and affective experience such as satisfaction and enjoyment (Christopoulos et al., 

2022). 
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2.6.2 GBL Research in Cell Division Learning 

Several GBL studies specifically focusing on genetics-related topics, such as Cell 

Division, have been conducted in in the last two decades. For example, Corredor (2011) 

investigated the implementation of video game called “Virulent!” to learn cell biology in 

Biology class. Besides that, Kanyapasit and Srisawasdi (2014) developed a digital game 

called “The Cell Cycle Game”, to facilitate the process of conceptual change in the cell cycle. 

Next, Panzoli and colleagues (2017) developed a web-based learning game called “Cell 

Cycle Learn” for undergraduate biology students to learn about the cell-division cycle and 

develop practical skills for experiments and scientific methods. Additionally, “Geniverse”, 

a digital game, was developed by Wilson and colleagues (2018) for high school students to 

learn genetics and improve their understanding. Furthermore, Shamsudin and colleagues 

(2020) developed a courseware called “Hacking the Science of Cell Division” to deal with 

misconceptions in meiosis and mitosis among secondary school students. These games 

provide a joyful and engaging learning experience for students and have been shown to 

significantly impact their understanding (Corredor, 2011; Kanyapasit & Srisawasdi, 2014; 

Shamsudin et al., 2020; Wilson et al., 2018), social interaction (Corredor, 2011), and 

motivation (Shamsudin et al., 2020) for the learning of genetics or Cell Division topic. 

2.7 Mobile Game-Based Learning  

Similar to GBL, mGBL aims to increase learning motivation, facilitate knowledge 

acquisition, and enhance learning efficiency, by using mobile phones as the medium. This 

distinction provides several advantages over traditional GBL. 

First, mGBL supports anytime and anywhere learning. For instance, Shonola and 

colleagues (2016) emphasized that mobile devices enable learners to control their learning 
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environment without obstacles, fostering personalized learning at their own pace. Similarly, 

Shippee and Keengwe (2012) noted that educational games accessed via mobile phones 

encourage personalized learning anytime, anywhere. 

Besides that, mGBL positively impacts learning motivation. Most mGBL research 

focuses on motivation because it has been found that people become more immersed and 

engaged when playing games (Huizenga et al., 2009). Once learners install and use mGBL 

applications, they experience increased motivation and engagement (Huang et al., 2017). 

Similarly, Chen and colleagues (2015a) found that students using mGBL for natural science 

courses reported higher levels of motivation. 

Finally, mGBL improves learning performance. Educational technology is strongly 

associated with better learning outcomes (Alkhalifah & Rampersad, 2017). For example, 

Cahyana and colleagues (2017) observed improved performance in chemistry students using 

mGBL, concluding that mobile games deepen understanding of new knowledge. Similarly, 

Huang and colleagues (2017) demonstrated that students using the “Super Word King” 

mobile game improved their English vocabulary learning. 

2.7.1 mGBL Research in Biology Learning 

There are several mGBL research, which is specifically for students to learn Biology 

was done in these recent years. For example, Kongvitayanont and colleagues (2017) 

introduced the mobile RPG “Bloody Buddy,” which effectively improved student learning 

performance by allowing players to battle viruses and understand the circulatory and 

immune systems. Next, Rozaidi and Ismail (2018) developed “Kidney Rush Games,” a 

mGBL system designed to teach Form 5 students about the urinary system, utilizing the 

EGameFlow model to enhance enjoyment and interest, ultimately received positive feedback 
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from students despite its 2D graphics. Also, Wommer and colleagues (2023) developed an 

augmented reality mobile game called “Insects GO” for middle school students to learn 

entomology and increase their motivation level based on ARCS model. These games have 

been shown to positively impact students’ learning performance (Kongvitayanont et al., 

2017; Wommer et al., 2023), enjoyment (Rozaidi & Ismail, 2018), and motivation (Wommer 

et al., 2023). 

2.7.2 mGBL Research in Cell Division Learning 

In recent years, numerous mGBL studies have been conducted with a specific focus 

on genetics-related topics, including Cell Division. For example, an mGBL with virtual 

reality called “InCell VR” was developed by Nasharuddin and colleagues (2021) to help 

secondary school students visualize the cell division process and improve their 

understanding of the topic. Additionally, Sumandal (2023) developed educational games in 

mobile devices using Lumi Education for students to learn Biology, including mitosis and 

meiosis topics. These games provide a joyful and engaging learning experience for students 

and have been shown to significantly impact their learning performance (Nasharuddin et al., 

2021) and motivation (Sumandal, 2023) for the learning of genetics or Cell Division topic. 

2.8 Design Models and Development Methodologies 

Various design models and development methodologies have been proposed by 

researchers to develop GBL for different purposes. However, creating mobile educational 

games poses both technical and conceptual challenges, as most methodologies provide 

general guidelines rather than focusing specifically on mGBL (Šćepanović, 2015). 

Furthermore, there is limited research on effective mGBL design and development 

(Shiratuddin & Zaibon, 2011). To address this gap, recent studies on GBL design models 
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and mobile game development methodologies were reviewed to identify the most suitable 

approach for our mGBL. According to Vaishnavi and Kuechler (2015), a design model 

outlines relationships between components, while a development methodology provides 

step-by-step guidelines for completing tasks. 

2.9 Reviews of GBL Design Models 

A total of six GBL design models were reviewed, including Adaptive Digital Game-

Based Learning Framework (Tan et al., 2007), DGBL Model for History Educational Games 

Design (Zin et al., 2009), GBLm4CE Model (Kuk et al., 2012), MDA Framework for 

Meaningful Enterprise Gamification (Ruhi, 2015), PAT-Game-Based Learning Model with 

Flow Experience (Abd Elsattar, 2017), and Structural Design Computer Model-Based 

Games (Yang et al., 2018). 

2.9.1 Adaptive Digital Game-Based Learning Framework 

It is a framework developed by Tan and his colleagues (2007) to design educational 

games that combining game features with learner-focused design. The framework 

emphasizes addressing learners’ psychological needs, cognitive development, and behaviour 

before creating a game. It includes three components, which are multimodal, task, and 

feedback. Multimodal integrates multimedia for interaction and uses Barendregt and 

Bekker’s (2004) Interaction Cycle to facilitate cognitive and physical user actions. Next, the 

task component helps learners engage with game content through mechanics like levels, 

goals, and rules. Last, feedback clarifies information, prevents misunderstandings, and 

rewards users to boost confidence during gameplay. 
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2.9.2 DGBL Model for History Educational Games Design 

It is a DGBL model developed by Zin and colleagues (2009) to design educational 

games to learn History course. There are two main components in this model, which are 

pedagogy and digital games. Pedagogy consists of Learning goal setting, Learning theory 

setting, Educational Psychology, Country curriculum needs, Patriotism and moral value, 

Memorization and forgetting theory. Meanwhile, the digital games component consists of 

the Game story’s background, Rules, Immersive, Enjoyment, Feedback, Multimedia 

technology, Challenge & competition, and Reward/Award. These two main components in 

this model are to encourage student engagement in learning. 

2.9.3 GBLm4CE Model 

It is a GBL model proposed by Kuk and other researchers (2012) to develop a GBL 

for students to learn computer engineering curriculums by integrating game elements with 

learner profiles and teaching methods. The model incorporates learning theories, strategies, 

styles, affective traits, and objectives into game design. It is structured with six key aspects, 

including Domain, Constructivist Method, Personalization, Student Profile, Motivation, and 

Matching Learning Outcomes. First, the Domain represents the game space with 

multidimensional interactions that facilitate immersive learning. Next, the Constructivist 

Method encourages learners to actively engage in the learning process and construct 

meaning from acquired knowledge. Following this, Personalization ensures that games adapt 

to diverse learning and playing styles, making the experience more effective for different 

students. In addition, the Student Profile helps identify individual learning and playing 

preferences, enhancing the gaming experience. The Motivation component uses game 

feedback to stimulate student engagement and promote repetition in the learning cycle. 
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Finally, Matching Learning Outcomes ensures that educational goals align with Bloom’s 

taxonomy, enabling students to achieve the intended objectives. 

2.9.4 MDA Framework for Meaningful Enterprise Gamification 

It is a game design framework proposed by Ruhi (2015), specific for enterprise 

gamification. This framework has three components, which are mechanics, dynamics, and 

aesthetics. The mechanics component describes the game elements and the game rules, such 

as what are the actions a player can take and what is the process that allows the player to 

take that action. Next, the dynamics component stands between the mechanics and aesthetics 

components, which describes the rules in the gameplay based on the player’s inputs and 

interactions among players. The aesthetics component is the “fun” factor of a game, which 

stimulates the emotion of the player when the player interacts with the game. To have a 

better understanding of this framework in developing enterprise gamification, Ruhi 

introduced a list called “20 Cs of meaningful enterprise gamification” which further derives 

the three main components in the framework. 

2.9.5 PAT-Game-Based Learning Model with Flow Experience 

It is a GBL design model proposed by Abd Elsattar (2017) when developing a GBL 

called “A day without computer-mediated technology”. The GBL design model is based on 

the PAT model (Finneran & Zhangy, 2003) and included with flow theory to maximize the 

learning outcome. Besides the elements from the original PAT model, such as a person, 

artifact, and task, the model has the other three key elements, which are challenge, response, 

and feedback. This model focuses the flow of the user during playing the game by creating 

a “magic circle” and allowing the user to deal with conflicts that are defined by the game 

rules. 
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2.9.6 Structural Design Computer Model-Based Games 

It is a design model proposed by Yang and his colleagues (2018) to develop a 

computer game for elementary school students to learn mathematics. There are four main 

components in the model, which are setting the score, game regulations, story block, and 

music. All components act as a different type of connection for students and establish a 

personalized learning experience for students. Setting the score is used to show the 

performances of students, while the story block controls the learning contents and the flow 

of study. The music component creates a learning environment and gives hints for students 

to know which part needs to pay more attention to. Unlike the other GBL models that focused 

on game design itself, this model required the teacher to supervise students during playing 

games, so that teacher can adjust game level and monitor the students’ progress. All 

information like scores of the game will be stored in the game database for analysis of 

students’ progress. 

2.9.7 Overview of Reviewed GBL Design Models 

From the six GBL design models reviewed above, all propose different components 

and concepts for designing GBL. According to Plass and colleagues (2015), game design 

should consider the integration of cognitive, motivational, affective, and sociocultural 

dimensions to fully unleash the potential of GBL for educational purposes. However, each 

reviewed design model primarily focuses on specific aspects, such as cognitive (Tan et al., 

2007; Zin et al., 2009), engagement (Kuk et al., 2012; Zin et al., 2009), motivation (Abd 

Elsattar, 2017; Kuk et al., 2012), and affective (Ruhi, 2015), with none addressing multiple 

dimensions simultaneously to provide a more comprehensive perspective. Therefore, a 

design framework called the Flow Framework for Educational Games (Kiili et al., 2014) was 
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chosen for the design model of mGBL in the present study, as it covers multiple dimensions 

at once, aligning with Plass and colleagues’ (2015) statement about GBL design. 

2.10 Flow Framework for Educational Games 

Flow framework for educational games is a framework based on the flow theory 

proposed by Kiili and colleagues (2014), which aims to evaluate educational games and 

provide design guidance to the game producers. The framework is grounded in 

Csikszentmihalyi (1990)’s Flow Theory and focuses on integrating game elements that lead 

to a state of flow, such as clear goals, immediate feedback, appropriate challenge, and learner 

control (see Section 2.13.1 for further discussion on Flow Theory). Beyond game mechanics, 

the framework also includes five “mind lenses”, such as attention, memory, collaboration, 

engagement, and reflection, which connect flow experiences to cognitive and social learning 

processes. These mind lenses emphasize how gameplay can support meaningful learning by 

enhancing concentration, knowledge integration, and peer interaction (Kiili et al., 2012; 

2014). In this study, the Flow Framework serves as a game design guide for structuring the 

mGBL application. It ensures that gameplay tasks are engaging, appropriately challenging, 

and aligned with learning objectives to support student focus and motivation while learning 

the Cell Division topic. The framework is as shown in Figure 2.1 below: 
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Figure 2.1: Flow Framework for Educational Games 

 

Based on the flow framework, the flow dimensions can be divided into flow 

antecedents (the grey star in Figure 2.1) and the flow state, where the flow antecedents are 

the elements that influence the flow state and should be considered when designing 

educational games, while the elements of flow state describe the sensations of being in the 

flow. Next, the white triangles surrounding the star represent important elements that 

influence the design of the learning experience and GBL system. However, it is noteworthy 

that the sequence of antecedents is irrelevant in the model, and they do not purposefully bind 

to the elements in their environment. Last, the elements on the planes of the pentagon are 

the five mind lenses, which give a way to think about the game features systematically from 

the viewpoints of learning and interaction. The five mind lenses also link the flow 

dimensions to learning processes in the foundation of cognitivism and social constructivism. 

2.10.1 Description of Flow Antecedents 

2.10.1.1   Clear Goal  

Provide a clear objective to the player so that the player can focus more readily on 

the learning activities. It is a good idea to have a clear main goal at the start of the game and 
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split the main goal into sub-goals and represent them at an acceptable level to generate a 

sense of accomplishment. If the objectives appear to be excessively difficult, the chances of 

feeling flow experience are few. In addition, the goals should be connected to the game’s 

learning objectives to generate an effective educational experience. 

2.10.1.2   Feedback 

It aims to inform the player about his performance and progress toward the goals, to 

allow the tutor to monitor the learner’s progress, and to build a feedback loop between the 

game and the level attained. The feedback element can be split into immediate feedback and 

cognitive feedback. The player is kept focused by the immediate feedback to prevent the 

player from waiting too long so that the player will not lose concentration on the learning 

task and jeopardize his learning process. For cognitive feedback, it allows the player to do 

refection on his experiences and try solutions so that he may improve his mental models and 

playing tactics. In other words, it directs players’ attention to material that is relevant to their 

learning goals. 

2.10.1.3   Playability 

Playability antecedent is introduced to replace Czikszentmihalyi’s action-awareness 

merging element in the original flow theory, as it is irrelevant in the learning game setting. 

The reason is the action-awareness merging element states that all flow-inducing activities 

become spontaneous and automatic, but in fact, learning is an active and conscious process 

of knowledge production. So, for playability antecedent, it implies that game control should 

be instinctive and intuitive but learning content relevant to the task should be acquired and 

reflected consciously by the players. However, game designers should be careful not to 

oversimplify gameplay to the point that players can merely go through the game without 

engaging in deeper thought about the content. 
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2.10.1.4  Challenge 

Challenge antecedent can be explained with the extended three-channel model of 

flow (Kiili et al., 2014) as shown in Figure 2.2 below. 

 

Figure 2.2: Extended Three-Channel Model of Flow 

The model’s axes represent challenge and skill, which are the key dimensions of flow. 

Optimal learning occurs when challenge and skill are balanced, creating a flow state free 

from anxiety and boredom, as shown in the linear channel from P1 to P4 in Figure 2.2. If a 

player feels bored (P2), increasing the challenge by selecting a harder goal can restore flow. 

Conversely, if a player is anxious (P3), improving skills helps return to flow. The extended 

three-channel model integrates Vygotsky’s zone of proximal development, expanding the 

flow channel by encouraging collaboration to solve problems. Thus, designing learning 

games should consider the challenge-skill balance and include social learning elements like 

competition to sustain player flow (Kiili et al., 2014). 

2.10.1.5  Sense of Control 

The challenge-skill balance dimension is strongly linked to the sense of control 

antecedent. According to Csikszentmihalyi (1990), the sense of control refers to the 

possibility of the control rather than the fact of the control. In other words, when a person 

has developed sufficient abilities nearly to perfection, then the experience becomes 
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pleasurable. For instance, players will strive hard toward their goal to be high-skilled players 

as long as they are inspired or believe that they can reach the goal, even though 

unconsciously they are aware that they will never achieve such a level. 

2.10.2 Description of Flow State 

Based on the flow framework, the four elements in the flow state describe the 

characteristics of flow experience, which are concentration, intrinsic reward, loss of self-

consciousness, and time distortion. When people reflect on their own flow experience, they 

usually mentioned some or all of the flow characteristics (Kiili, 2005). Using gameplay as 

an example, a person will be completely concentrated on the gameplay and forget about the 

unpleasant stuff. There are no cognitive resources left over for irrelevant information since 

flow-inducing activities require total concentration on the job at hand. As a result, the self 

appears to vanish from awareness and time seems to speed up or slow down. Last, intrinsic 

reward refers to an action that is done in a voluntary effort just because it is simply 

fascinating and enjoyable, without considering any advantages that can be obtained from it. 

In conclusion, the flow state act as a hook that keeps players engaged and encourages them 

to play games again and again. 

2.10.3 Description of Mind Lenses 

2.10.3.1  The Lens of the Sensing Mind 

Sensory memory is related to the lens of the sensing mind. It highlights that people 

cannot pay attention to everything at the same time and must choose areas of interest from 

what they perceived, which is influenced largely by their prior knowledge. Hence, attention 

is employed to concentrate our mental capacity for sensory input so that the mind can process 

the stimulus of interest effectively (Duchowski, 2017). In the context of GBL design, 
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strategies like audio-visual effects can help capture players’ attention, ensuring they focus 

on essential content aligned with learning goals. 

2.10.3.2   The Lens of the Processing Mind 

The lens of the processing mind emphasizes the limits of working memory, 

highlighting its constrained capacity and endurance. Game designers must carefully manage 

the number of elements presented simultaneously, eliminating unnecessary features to 

prevent information overload, as each element has a cognitive cost (Ketamo & Kiili, 2010). 

This aligns with CTML, which recommends removing redundant content in multimedia 

presentations (Mayer & Moreno, 2003), and CLT, which suggests reducing extraneous load 

to enhance learning (Sweller, 2010) without overwhelming working memory (Chang et al., 

2018). Additionally, CTML’s modality principle (Mayer, 2002a) supports using visual, 

auditory, and tactile channels together to optimize memory capacity. 

2.10.3.3   The Lens of the Integrating Mind 

The lens of the integrating mind focuses on long-term memory, highlighting its role 

in processing complex interactions as working memory has limited capacity. Based on CLT, 

linking prior knowledge with new information is essential for effective integration. Hence, 

game designers should create strategies to activate long-term memory based on players’ 

knowledge levels, ensuring challenges and content align with target characteristics in GBL 

design. 

2.10.3.4   The Lens of the Relating Mind 

The lens of the relating mind, grounded in social constructivism, highlights the 

importance of shared learning experiences. Lave and Wenger’s (1991) concept of legitimate 

peripheral participation views learning as a social process, where novices gradually gain 
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knowledge and skills through community involvement, eventually becoming experts. In 

multiplayer games, this process is evident as new players improve and achieve higher social 

status. Collaborative learning emphasizes teamwork to reach common goals and enhance 

outcomes (Zhong, 2019). Therefore, game designers should incorporate social mechanics, 

such as leaderboards and status systems, to foster interaction and motivation. Additionally, 

Kiili and colleagues (2014) suggested adding collaboration tools or involving teachers to 

support teamwork in game-based learning. 

2.10.3.5   The Lens of the Transferring Mind 

The lens of the transferring mind focuses on the transfer of learning, which is the 

ability to apply knowledge gained in one context to new situations. In game design, this 

means helping players apply what they learn in virtual environments to real-world problems. 

To facilitate this, designers should consider pedagogies like problem-based learning and 

focus on content representation to enhance learning transfer and maximize its benefits. 

2.11 Reviews of Mobile Game Development Methodologies 

A total of four mobile game development methodology were reviewed, including 

Stages in Mobile Game Development (Dulskiy, 2015), The Agile Process for Mobile Game 

Development and Testing (Helppi, 2015), Mobile Game Development Process (Acharya, 

2017), and Android Game Development (Staff, 2018). 

2.11.1 9 Stages in Mobile Game Development 

Dulskiy (2015) proposed a nine-stage methodology for mobile game development, 

including generating a game idea, developing the concept, creating a proof of concept, 

drafting a game design document (GDD), prototyping, designing architecture, development, 

testing, and ongoing support. The process begins with defining the target audience and 
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purpose to generate a complete game idea. The concept, including mechanics, setting, 

technology, and interaction, is then established and verified. A GDD is created to detail the 

game design, followed by a prototype to test core mechanics and identify design flaws. 

Flexible architecture is then designed to handle rapid changes. The development and testing 

phases follow, and finally, the game is supported post-release with regular updates. 

2.11.2 The Agile Process for Mobile Game Development and Testing 

Helppi (2015) proposed an agile mobile game development process with five phases, 

including pre-production (concept development and design), production (implementation), 

post-production (testing), and deployment. Unlike traditional methods, this approach 

emphasizes continuous testing throughout all phases, not just post-production. He stated that 

ongoing testing can reduce development and testing time by up to 60%. The process involves 

logging and testing every activity during development to track progress and address issues 

immediately. Recommended testing activities include smoke testing, regression testing, 

connectivity testing, performance testing, localization, and functional testing with 

automation frameworks. 

2.11.3 Mobile Game Development Process 

Acharya (2017) proposed a mobile game development process with four steps, 

including concept, pre-production, production, and post-production. First, in the concept 

phase, a brief overview of the game is created, covering mechanics, setting, technology, and 

interaction. Mechanics define the rules, setting includes the story and aesthetics, technology 

refers to the target device, and interaction focuses on user engagement. Next, pre-production 

involves creating a game blueprint, visualizing concepts with graphics, and translating ideas 

into code, typically with the involvement of producers, designers, writers, artists, and 
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programmers. Then, in the production phase, the actual game development takes place, 

including creating assets like models and characters, and coding the game rules. Finally, 

post-production is the last phase, where the game undergoes testing for bugs by the quality 

assurance team. If any bugs are found, they are fixed before the game is launched. 

2.11.4 Android Game Development 

Staff (2018) proposed a development process with 9 phases for Android game 

development by Zco Corporation, consisting of project estimation, requirement analysis, 

game design, concept art, art development, development, quality assurance testing, launch, 

and maintenance. First, project estimation is based on client specifications, followed by 

requirement analysis and the creation of a storyboard. The game design and concept art 

phases occur simultaneously, with game design focusing on UI flow and mechanics, and 

concept art creating character sketches. In the art development phase, 3D game assets are 

made. Then, developers implement gameplay using a game engine, conducting testing and 

bug fixing. The game is tested on various devices during quality assurance testing to ensure 

compatibility. After user acceptance tests, the game is launched on the Android platform, 

with ongoing maintenance to update and fix bugs. 

2.11.5 Overview of Reviewed Mobile Game Development Methodologies 

From the four mobile game development methodologies reviewed above, all propose 

step-by-step processes for developing a mobile game. However, they are not suitable for 

developing mGBL, as they do not integrate learning content and instructional design into the 

mobile game development process. While these methodologies are generally applicable to 

mobile game development, they are not specific to mGBL. To develop an mGBL application 

that incorporates instructional design and provides a detailed step-by-step development 
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process, the mGBL engineering model (Shiratuddin & Zaibon, 2011) is the best choice and 

has been selected as the development methodology for mGBL in the present study. 

2.12 mGBL Engineering Model 

mGBL engineering model is a game development methodology proposed by 

Shiratuddin & Zaibon (2011), which is specifying for the design of mGBL. This model was 

introduced to fill the gap, which is a lack of literature exploration on educational game 

development (Fletcher & Tobias, 2006), especially mGBL. 

The mGBL engineering model contains phases, components, activities, and 

deliverables. It has two layers, where the first inner layer is general phases, such as pre-

production, production, and post-production. For the second layer, various detailed 

components are included for each phase, as shown in Figure 2.3. The flow of the mGBL 

engineering model starts from the pre-production phase and continues for the next phase in 

a clockwise direction. After completing each phase, a review will be made to make sure 

everything is fine, then proceed to the next until the final phase. 
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Figure 2.3: mGBL Engineering Model 

 

Besides the step-by-step development guidelines as shown in the figure above, the 

mGBL model should be also included with several aspects, which are instructional design 

theories, learning model, learning content, and mGBL game characteristics. These aspects 

need to be referred by the mGBL developer to develop an educational game that can facilitate 

the learning process of users. 

1M’sia mGBL is an example developed by the mGBL engineering model, which was 

made by Shiratuddin & Zaibon (2011). 1M’sia is a mGBL that promote the value of 1 

Malaysia concept, where a player acts as a Malay character that faces with different situation 

and quizzes in the game. The mGBL fitted with different ID and learning theories, where it 

used Nine Events of Instructions as the design model while it used Experiential Learning 

Model, Problem-based Learning, and Multiple Intelligences as the learning theories behind 

the game. 
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2.13 Learning Theories 

According to the review study done by Li and Tsai (2013), there are about 30% of 

the studies were conducted without using any learning theories, among GBL studies in 

science education. As mentioned by Wu and colleagues (2012), incorporating learning 

theories into the design of GBL is more likely to produce positive outcomes. Therefore, this 

section reviews five learning theories that have the potential to contribute to the design of 

mGBL applications, including flow theory, CLT, CTML, PBL, and collaborative learning. 

learning. These theories were selected to support different aspects of the game design, where 

flow theory for engagement, CLT for managing cognitive load, CTML for multimedia 

learning, PBL for promoting problem-solving, and collaborative learning for enhancing peer 

interaction during gameplay. 

2.13.1 Flow Theory 

The Flow framework for educational games described previously is rooted in Flow 

Theory, originally proposed by Csikszentmihalyi (1990). Flow is defined as a state of 

complete engagement in a task, where a person is fully immersed and free from distractions 

(Csikszentmihalyi, 1990). During this experience, individuals feel focused, absorbed, and in 

control, with a sense of enjoyment and contentment (Chang et al., 2018). To induce flow, 

Csikszentmihalyi (2000) identified nine flow dimensions, where these dimensions can be 

divided into flow antecedents and flow characteristics (Swann et al., 2012). Flow antecedents 

are the essentials of flow, which include challenge-skill balance, clear goals, and 

unambiguous or immediate feedback dimensions. Flow characteristics explain how a person 

feels when they are in a state of flow, which includes the sense of control, action awareness 

merging, loss of self-consciousness, concentration, time distortion, and autotelic experience 

dimensions. 
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Flow theory has been widely applied in fields like sports, human-computer 

interaction, games, and education. Chan and colleagues (2021) suggest it is ideal for 

analysing how learners interact with GBL, which supporting Nakamura and 

Csikszentmihalyi’s (2014) view that positive experiences, like gaming or studying, can 

enhance well-being. Recent studies highlight flow’s importance in GBL, as it keeps learners 

engaged and focused. For examples, Lai and colleagues (2013) found that students in GBL 

experienced higher flow than those in computer-assisted learning. Next, Shen and Chu (2014) 

demonstrated that game interface design impacts flow, with better visibility and efficiency 

increasing learner focus. Additionally, Chan and colleagues (2021) found that game flow 

positively affects learning outcomes and engagement, particularly in cognitive dimensions. 

Several game design models based on flow theory have been developed. For instance, 

Sweetser and Wyeth (2005) proposed GameFlow model that includes concentration, 

challenge, skills, control, clear goals, feedback, immersion, and social interaction. In GBL 

context, Kiili and colleagues (2012) proposed a flow framework for educational games, 

which successfully enhanced students’ flow, especially in control, goals, and challenge-skill 

balance. Kiili and colleagues (2014) later adapted this framework by adding mind lenses to 

connect flow with learning processes from cognitive and social-constructivist perspectives. 

In the context of mGBL, flow theory remains equally relevant. Admiraal and 

colleagues (2011) investigated the application of flow in a collaborative mobile game called 

“Frequency 1550”, which merged digital and physical play spaces to teach secondary 

students about medieval Amsterdam. The study found that students who experienced greater 

flow during the game performed better in gameplay, although learning outcomes were 

influenced more by their engagement level and distractions. This suggests that flow in 
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mGBL can enhance performance and indirectly influence learning, especially when social 

and competitive elements are well-integrated and distractions are minimized. 

These examples illustrate how flow theory can inform both the design and evaluation 

of mGBL applications by promoting learner engagement, managing distractions, and 

supporting motivation and concentration in mobile game environments. 

2.13.2 Cognitive Load Theory (CLT) 

CLT focuses on managing working memory as learners engage with instructional 

content (de Araujo et al., 2016). Since working memory has limited capacity, exceeding this 

limit reduces learning effectiveness (Davis, 2020). CLT aims to align information structures 

in learning materials with cognitive architecture, thereby optimizing working memory for 

learning (Paas et al., 2004). 

According to CLT, there are three types of cognitive loads, including intrinsic, 

extraneous, and germane. Intrinsic load depends on task difficulty and the learner’s skill 

level (Sweller et al., 2019) and is unaffected by instructional changes (Davis, 2020). 

Extraneous load involves distractions that hinder learning (Petko et al., 2020) and can be 

reduced by adjusting instructional presentation (Hawlitschek & Joeckel, 2017). Germane 

load refers to efforts to understand and integrate learning material, promoting deeper 

learning (Petko et al., 2020). The total cognitive load should not exceed the learner’s working 

memory capacity (Huang & Johnson, 2009). 

In instructional design, CLT emphasizes minimizing extraneous and intrinsic load to 

maximize germane load (de Araujo et al., 2016). De Jong (2010) recommended aligning 

content with prior knowledge, removing unnecessary information, and activating cognitive 
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processes to increase germane load. Additionally, Xu (2016) suggested reducing extraneous 

load in GBL by avoiding redundancy and providing helpful hints for mental integration. 

Studies on cognitive load in GBL highlight its importance. Shen and Chu (2014) 

found that cognitive support in GBL systems improved flow, helping learners focus on 

content. For example, Chang and colleagues (2018) found that digital GBL resulted in better 

learning performance, flow, and lower cognitive load compared to traditional learning. 

Similarly, Es-Sajjade and Paas (2020) developed a math GBL system called 

“MATHERIAL”, which improved student performance. Furthermore, Petko and colleagues 

(2020) discovered that medium game speed minimized extraneous load while enhancing 

engagement and learning outcomes. 

Several frameworks based on CLT have been developed for GBL. For instance, 

Huang and Johnson (2009) proposed a model combining game characteristics and cognitive 

perspectives to improve learning. Next, Davis (2020) developed a Game Framework 

Analysis model to evaluate educational game design for deeper learning. Finally, Bounajim 

and colleagues (2020) emphasized the importance of considering task variability, prior 

knowledge, and memory load in digital GBL design. These frameworks highlight the critical 

role of cognitive load in optimizing the learning process in GBL systems. 

In the context of mGBL, CLT is crucial due to small screens and limited attention. 

Wang and colleagues (2018) found that students using a mobile app called as “Plant-E” with 

interactive decision-making showed higher mental effort and better performance than those 

using static content. This suggests that interactive complexity, when well-designed, 

enhances learning in mobile settings. Similarly, Liu and colleagues (2023) showed that 

extraneous load negatively affected both perceived and actual learning in mGBL, while 



 

50 

 

germane load improved perceived understanding. Their study highlights the importance of 

reducing distractions and designing meaningful tasks to support cognitive processing in 

mobile games. These findings confirm that applying CLT principles in mGBL, by balancing 

task difficulty, simplifying interface, and encouraging active learning can improve student 

engagement and outcomes. 

2.13.3 Cognitive Theory of Multimedia Learning (CTML) 

CTML is a learning theory popularized by Richard E. Mayer, which provides 

guidelines for optimizing learning through multimedia (Schrader & Rapp, 2016). Mayer 

(2002a) identified three key assumptions, including the dual-channel assumption, the limited 

capacity assumption, and the active processing assumption. The dual-channel assumption 

suggests that humans have separate visual and auditory processing channels. The limited 

capacity assumption states that each channel has a limited capacity for processing material 

simultaneously. The active processing assumption argues that meaningful learning occurs 

when learners actively engage in cognitive processing, such as selecting, organizing, and 

integrating relevant information with prior knowledge (Mayer, 1999, 2002b). Mayer (2002a) 

also proposed several design principles for multimedia instructional design, as shown in 

Table 2.2 below. 

Table 2.2: The Summary of the Design Principles in Mayer’s CTML 

No. Principles Brief descriptions 

1 Multimedia principle 
Words and pictures together provide a richer learning 

experience than words alone. 

2 Contiguity principle 

Rather than providing words and pictures one after the 

other, display them all at once for deeper 

understanding. 
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Table 2.2 continued 

3 Coherence principle 

Get rid of unnecessary words, sounds, or pictures 

instead of adding them to allow deeper learning to 

occur,  

4 Modality principle 
When words are delivered as narration rather than on-

screen text only, deeper learning occurs. 

5 
Redundancy 

principle 

When words are delivered as narration rather than both 

narration and on-screen text, deeper learning occurs. 

6 
Personalization 

principle 

When words are delivered in a conversational way 

rather than a formal style, deeper learning occurs. 

7 Interactivity principle 
When learners have control over the presentation rate, 

they learn more deeply than when they don't. 

8 Signalling principle 
When crucial phases in the narration are signalled 

rather than consignable, deeper learning occurs. 

 

Several studies have explored CTML’s design principles. For instance, Schrader and 

Rapp (2016) assessed the effects of motion and still pictures with or without signalling in 

multimedia presentations. Contrary to Mayer’s signalling principle, they found no 

significant impact on learning outcomes, though all students showed improvements. In 

contrast, Xie and colleagues (2019) found that dual-modality signals in an online course 

helped learners focus on relevant content, enhancing retention and transfer performance. 

Furthermore, CTML has been widely applied in educational contexts. Jeu and 

colleagues (2015) used CTML in language learning software, GBL, and visual presentations, 

leading to positive outcomes in both learning and motivation. Similarly, Shamim (2018) 

applied CTML in a medical surgery curriculum using video-based teaching, which resulted 

in high student satisfaction. Additionally, Baharudin and colleagues (2019) created a 

Powtoon video for teaching English literature, significantly improving student achievement. 
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In the mGBL context, Heng and Said (2020) further applied CTML to design a 

mobile game-based app for mathematics. Their study with Year 3 students showed 

significant improvements in motivation, performance, and problem-solving ability after the 

intervention. The design followed Mayer’s principles by using narration, visuals, and 

interactivity to reduce cognitive overload and promote engagement. Positive feedback from 

student interviews also supported its effectiveness. Such findings affirm the value of CTML 

in mGBL design by guiding multimedia use to support memory, attention, and learning, 

especially when content is complex or abstract, such as in science and math subjects. 

2.13.4 Problem-Based Learning (PBL) 

PBL is a student-centred approach that emphasizes active learning and problem-

solving, to boost critical thinking and problem-solving skills (Chang et al., 2015). It 

encourages applying prior knowledge, acquiring new information, and developing skills 

across contexts (Jin et al., 2014; Kong et al., 2014). PBL also promotes teamwork and 

positions teachers as facilitators (Hung, 2013). Its key features include problem-driven 

instruction, complex problems, and self-directed learning (Hung, 2013). Originally from 

medical education, PBL is now used across various fields. 

Recent studies have examined the effectiveness of PBL. For instance, Loyens and 

other colleagues (2015) found that it led to greater conceptual changes in learning Newtonian 

laws. Similarly, Dolmans and other colleagues (2016) highlighted that PBL fosters deep 

learning and intrinsic motivation, with minimal impact on surface learning. Additionally, a 

systematic review by Merritt and other colleagues (2017) showed PBL’s effectiveness in 

improving performance in elementary science education. 
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Moreover, PBL has been integrated into GBL. For example, Khoo and other 

colleagues (2005) explored how PBL occurred in multiplayer games like World of Warcraft, 

where players solve mission-related problems. In another study, Chang and other colleagues 

(2015) developed a PBL game for computer science students, which improved cognitive 

processes and received positive feedback. Furthermore, Chang and colleagues (2020) 

created “Programmer Adventure Land”, which enhanced satisfaction, motivation, and user 

interface experience among students. 

In an mGBL context, Lee (2022) compared an AR-based mobile game and a printed 

game in a language learning setting, where both were designed using PBL principles. The 

AR game, titled “The Secret Investigation”, involved location-based gameplay and 

collaborative problem-solving. While both formats produced similar levels of engagement 

and positive attitudes, the AR game provided a more immersive environment, showing how 

PBL can be effectively embedded in mobile learning experiences. This supports the 

integration of narrative-driven and context-aware elements in mGBL to foster deeper 

learning through meaningful problems. 

2.13.5 Collaborative Learning 

Collaborative learning is a learning approach based on constructivist theory 

(Rabbany et al., 2014), which involves students working together towards a common goal, 

enhancing cognitive, communication, and critical thinking skills (Zhong, 2019). Key forms 

of collaborative learning include competition, discussion, cooperation, and role-playing 

(Zeng & Zhang, 2012). Furthermore, teachers play a crucial role in facilitating this process 

by encouraging students to share knowledge, improving their comprehension through 

diverse perspectives and critical thinking (Lipponen, 2002). 
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In terms of GBL, collaboration is widely recognized as a key feature of GBL, 

particularly for developing 21st-century skills (Qian & Clark, 2016). Specifically, 

collaboration in digital GBL enables players to interact and work towards common goals, 

fostering both engagement and persistence in gameplay (Chen et al., 2015b; Erhel & Jamet, 

2013). In addition, competition in GBL creates a dynamic environment that motivates 

players, especially in scenarios involving human opponents (Mandryk et al., 2006). 

There are several studies investigated collaborative GBL recently. For example, 

Terzidou and Tsiatsos (2011) developed a 3D collaborative game for undergraduates to learn 

“Multimedia Systems”, where students worked together to answer quizzes in a virtual 

environment. They also proposed the “GrAFiCA” model to guide the game design process. 

Similarly, Sung and Hwang (2013) introduced the “RACEG” system, a role-playing game 

for elementary students learning science, which significantly enhanced learning performance. 

Lastly, Zhong (2019) proposed a systematic game-based collaborative teaching model, 

integrating design strategies and collaborative approaches to improve educational outcomes. 

In the mGBL context, Ramírez-Donoso and colleagues (2017) introduced 

“MyMOOCSpace”, a mobile game app designed to support collaboration in online 

university courses. It increased interaction among learners, showing that mGBL can 

effectively scaffold collaborative learning even in remote settings. Additionally, Zakaria and 

colleagues (2018) used Kahoot in a mobile game-based assessment for a MOOC on ethnic 

relations. Their study revealed different learner performance patterns and highlighted that 

mGBL tools can boost engagement and support real-time collaboration and formative 

assessment. These studies reinforce that mGBL can foster collaboration by providing social 
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interaction, instant feedback, and gamified engagement, which are the key elements for 21st 

century learning. 

2.14 Theoretical Framework of the Study 

This study is grounded in a set of learning theories and design models that guide the 

development of a mGBL application for the Cell Division topic in Biology. The framework 

integrates both pedagogical and technological elements to ensure the effectiveness of the 

learning experience. 

The game design is informed by the Flow Framework for Educational Games (Kiili 

et al., 2014), which emphasizes maintaining learner engagement through challenge-skill 

balance, clear goals, immediate feedback, and learner control. This framework also 

incorporates “mind lenses” that align with cognitive and social constructivist learning 

processes, promoting attention, reflection, and knowledge construction during gameplay. 

To operationalize the development process, this study adopts the mGBL Engineering 

Model (Shiratuddin & Zaibon, 2011), which provides a structured development lifecycle 

(pre-production, production, post-production) that incorporates game mechanics, content 

integration, learning objectives, and multimedia design. 

The theoretical foundation is further strengthened by the incorporation of the 

following five learning theories, as shown in Table 2.3 below. 
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Table 2.3: Learning Theories and Their Applications in the mGBL Design 

Learning Theory Key Concept Application in mGBL Design 

Flow Theory Learners achieve optimal 

engagement when challenges 

match their skill level, supported 

by clear goals and feedback 

(Csikszentmihalyi, 1990). 

Informs game mechanics such as 

difficulty progression, real-time 

feedback, and immersive 

gameplay to maintain 

engagement. 

Cognitive Load 

Theory (CLT) 

Working memory has limited 

capacity. Effective learning 

occurs when extraneous load is 

minimized, and germane load is 

enhanced (Sweller et al., 2019). 

Guides the design of interface and 

content to reduce cognitive 

overload, chunk information, and 

scaffold tasks to support memory 

and learning. 

Cognitive 

Theory of 

Multimedia 

Learning 

(CTML) 

Learners process information 

better through multimedia when 

words and images are presented 

together, using dual channels 

(Mayer, 2002). 

Supports the use of audio, visuals, 

animations, and interactive 

elements in the game to aid 

retention and reduce split 

attention. 

Problem-Based 

Learning (PBL) 

Learning occurs through solving 

real-world problems that 

promote inquiry, reasoning, and 

application (Hung, 2013). 

Game challenges involve solving 

tasks that simulate real-life 

problem-solving and promote 

deeper understanding. 

Collaborative 

Learning 

Knowledge is constructed 

through social interaction, peer 

discussion, and teamwork 

(Zhong, 2019). 

Enables team-based features, peer 

discussion opportunities, and in-

game collaboration to enhance 

social learning. 

 

This integrated framework ensures that the mGBL application is not only engaging 

and interactive but also rooted in strong pedagogical principles. The alignment of learning 

theories, design models, and development strategies supports the study’s aim of improving 

students’ learning of the Cell Division topic. 

2.15 Chapter Summary 

In summary, this chapter discussed the literature review on broader key concepts 

related to play in the learning context and the use of games in education, narrowing down to 

gamification, GBL, and mGBL to provide insight and background on how they can benefit 
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the learning process. Existing studies on GBL and mGBL related to Biology and Cell 

Division learning were presented to provide a deeper context for the present study. Since the 

design and development of an mGBL application for Cell Division learning is the main focus 

of this study, several design models and development methodologies were reviewed and 

compared to determine the best choice for mGBL in this research. Ultimately, the Flow 

Framework for Educational Games (Kiili et al., 2014) was chosen as the design model, and 

the mGBL engineering model (Shiratuddin & Zaibon, 2011) was selected as the 

development methodology for mGBL in this study. Additionally, several potential learning 

theories that can be incorporated into the design of the mGBL application were reviewed, 

including CLT, CTML, PBL, and Collaborative Learning. 
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CHAPTER 3  
 

 

METHODOLOGY 

3.1 Research Design 

3.1.1 Design-Based Research 

The present study employs a design-based research (DBR) methodology with a 

mixed-methods approach to address learning challenges in the Cell Division topic. DBR 

emphasizes collaboration between researchers and practitioners to identify authentic 

classroom problems, design and implement practical solutions, and iteratively refine both 

the intervention and theoretical understanding (Reeves, 2006; Scott et al., 2020). DBR offers 

several advantages for biology education research, including the integration of theoretical 

and methodological expertise from learning or cognitive scientists, which enhances research 

rigor and introduces biology educators to interdisciplinary methods (Lo et al., 2019). It also 

supports the adoption of evidence-based teaching practices by instructors who may not be 

education researchers and ensures that those involved in the project understand the learning 

objectives and theories behind the instructional tools they implement (Scott et al., 2020). By 

aligning practice with research, DBR helps ensure that interventions are both pedagogically 

sound and relevant to real-world teaching contexts. 

3.1.2 Design-Based Research Framework for the Study 

This study adapted DBR framework based on Reeves (2006), which consists of four 

iterative phases, which are Preliminary Research and Problem Analysis, Design and 

Development, Implementation and Evaluation, and Analysis, Reflection, and Iteration. Each 

phase was conducted collaboratively with Biology teachers and students and was 
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contextually embedded in the Malaysian Form 4 Biology curriculum to ensure that the 

intervention addressed authentic classroom needs. 

At the centre of this DBR process was the principle of Context and Collaboration, 

which infused every phase of the study. The study was embedded in the Malaysian secondary 

school context and conducted in partnership with teachers and students. Biology teachers 

served as expert collaborators in problem identification, design validation, and classroom 

coordination, while students provided valuable user feedback during evaluation. This 

approach aligns with Reeves’ (2006) emphasis on researcher-practitioner collaboration to 

ensure that research outcomes are both scientifically robust and practically relevant to real-

world teaching and learning. Figure 3.1 illustrates the DBR framework adapted for the 

present study. 

 

Figure 3.1: Design-Based Research Framework of Present Study 
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3.1.2.1 Phase 1: Preliminary Research and Problem Analysis 

This phase aimed to ground the design process in real educational problems. The 

study began with a literature review and the development of a research plan, followed by a 

preliminary study to identify learning challenges in the Cell Division topic. Due to the 

COVID-19 pandemic in 2021, online interviews with Biology teachers and student self-

administered questionnaires were used to diagnose these challenges. Semi-structured 

interviews were conducted to explore challenges from the teachers’ perspectives, while 

student questionnaires via Google Forms gathered insights from a larger sample. 

As presented by Quílez-Robres et al. (2021), many studies focus on cognitive factors 

affecting learning performance, often overlooking motivational, emotional, and social 

aspects. Therefore, the preliminary study collected data on learning challenges across 

cognitive, motivational, affective, social, and other perspectives to provide a more 

comprehensive understanding. Suggestions from students and teachers on improving 

learning were also gathered to guide the development of the mGBL application. The outputs 

of this phase were the problem statements, user-derived design requirements, and suggested 

strategies to support learning. These outputs directly informed the next phase of design and 

development. 

3.1.2.2 Phase 2: Design and Development 

This phase focused on constructing the mGBL application based on the findings of 

Phase 1. The development process was guided by learning theories such as Flow Theory, 

CLT, the CTML, PBL, and Collaborative Learning. The Flow Framework for Educational 

Games (Kiili et al., 2014) served as the instructional design framework, while the mGBL 

Engineering Model (Shiratuddin & Zaibon, 2011) provided a structured development 
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lifecycle. Collaboration with Biology teachers ensured that the game content was accurate 

and aligned with the national curriculum. 

The application was reviewed and validated by software experts and Biology 

teachers to confirm its usability and content relevance. Pilot tests were then conducted to 

verify functionality before classroom implementation. The details of the design and 

development of the mGBL application will be discussed in detail in Chapter 5. The primary 

output of this phase was a high-fidelity, functional mGBL application ready for testing in 

real classroom settings. The application was then taken forward into the implementation and 

evaluation phase. 

3.1.2.3 Phase 3: Implementation and Evaluation 

This phase tested the feasibility, playability, and effectiveness of Cell% in authentic 

classroom settings. The researcher visited secondary schools to explain the study’s purpose 

and demonstrate the application to students and Biology teachers. Informed consent forms 

were distributed before beginning the intervention. After that, students and teachers 

downloaded the application via a provided link and used it at home for two weeks as part of 

the intervention. The intervention schedule was coordinated with Biology teachers to align 

with their syllabus, while the researcher monitored participants’ progress through the game’s 

online database and provided support as needed. 

After the intervention, participants evaluated the mGBL application’s playability and 

effectiveness using a Google Forms questionnaire. The evaluation included both Likert-scale 

ratings and open-ended feedback from students and teachers to assess how well the game 

addressed the identified learning challenges. To ensure accurate responses, an online 

meeting was held via Google Meet, where the researcher explained each questionnaire item 
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and answered any participant questions. To reduce potential biases such as social desirability, 

students were reminded that their feedback would not affect their grades or standing in class 

and were encouraged to answer honestly based on their actual experience. The outputs of 

this phase were rich datasets on playability, user satisfaction, and evidence of the game’s 

effectiveness in addressing learning challenges. These findings formed the basis for the final 

phase of reflection and iteration. 

3.1.2.4 Phase 4: Analysis, Reflection, and Iteration 

The final phase involved analysing the collected data and reflecting on the outcomes 

in relation to the research objectives. After completing data collection, the researcher 

organised the results in Microsoft Excel and analysed them using both quantitative and 

qualitative approaches. The details of the data analysis procedures are presented in Section 

3.4. 

The analysis evaluated whether the intervention achieved high playability and 

successfully addressed the challenges identified in Phase 1. The findings also highlighted 

contributing factors, limitations, and potential areas for improvement. Based on these 

reflections, recommendations were made for refining the game in future iterations. The 

outputs of this phase were twofold, which are practical insights in the form of specific 

improvements to the Cell% application, and theoretical contributions in the form of design 

principles for mGBL in Biology education. 

3.2 Participants 

The studies, including the preliminary study, were conducted in two urban secondary 

schools in Perak, Malaysia, referred to as “School X” and “School Y” to maintain anonymity. 

Purposive sampling was used to select participants who were most relevant to the study 
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objectives. Specifically, Biology teachers and Form 4 Biology students who had previously 

learned the Cell Division topic were selected, as they could provide informed perspectives 

on the learning challenges and effectiveness of the intervention. The number of participants 

varied depending on the number of Biology students in each school. 

3.3 Instruments 

Three instruments were used in the present study, including the Teacher Interview 

Protocol and the Student Self-Administered Questionnaire for the preliminary study, and an 

mGBL Evaluation Instrument for data collection to evaluate the mGBL application 

developed by the researcher. All instruments were slightly modified to suit the Malaysian 

secondary school context, especially by using simple English so that Form 4 students and 

their teachers could understand the questions easily. The content was also tailored to the Cell 

Division topic covered in Chapter 6 of the Form 4 Biology textbook, which is part of the 

Malaysian national curriculum. 

3.3.1 Teacher Interview Protocol 

According to Zohrabi (2013), the semi-structured interview is the most preferred type 

of interview because it is flexible and allows interviewees to provide more information than 

other formats. Therefore, the teacher interviews were conducted using a semi-structured 

approach, guided by an interview protocol. After explaining the purpose of the study and 

obtaining voluntary participation from the Biology teachers, the interview began with 

gathering demographic information about the teacher, such as their experience working as a 

Biology teacher. Next, questions were asked to identify students’ challenges in learning the 

Cell Division topic from the teacher’s perspective. These questions were adapted from 

Cimer’s (2012) self-administered questionnaire on diagnosing learning difficulties in 
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Biology, with the interview questions modified to the learning challenges in the Cell 

Division topic from cognitive, motivational, affective, social, and other perspectives. 

Additionally, the interview included a request for suggestions from the Biology teachers on 

how to improve students’ learning in this topic, as in Cimer’s (2012) study. Table 3.1 below 

shows how items from Cimer’s (2012) questionnaire were adapted to fit the present study’s 

context.  

Table 3.1: Adaptations of Cimer’s (2012) Questionnaire for the Interview 

Items  n   mer’s (2012) quest onna re Interv ew quest ons 

Please write the possible reasons why you 

have found these topics, or biology in 

general, difficult to learn and understand? 

 

Do you think students have difficulties in 

learning Cell Division topic from 

cognitive/ motivational/ affective/ social/ 

other perspective? Why? 

What do you think makes your biology 

learning effective? 

What do you think can help students to 

learn Cell Division topic more effectively? 

3.3.2 Student Self-Administered Questionnaire 

This questionnaire was designed by the researcher to determine students’ difficulties 

in learning the Cell Division topic. It collects demographic information, such as name, 

school, and class, and includes questions to understand why students struggle with this topic 

from cognitive, motivational, affective, social, and other perspectives. Similar to the 

questions posed in the teacher interviews, the questions in this questionnaire were adapted 

from Cimer’s (2012) self-administered questionnaire and distributed through an online 

Google Form to gather a large sample of student responses. 

After demographic information section, the questionnaire begins by asking about the 

problems students face when learning the Cell Division topic from various perspectives, 

followed by questions that explore the reasons behind these difficulties. However, 

considering that secondary school students may find it challenging to express their struggles 
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in detail, predefined options were provided instead of open-ended questions to identify 

learning challenges. Each multiple-choice question required students to select only one 

option that best reflected their experience, rather than allowing multiple selections. This 

forced-choice format was intended to encourage students to reflect on their primary 

difficulty and allowed the researcher to identify the most prominent themes more 

systematically across the large sample. For instance, options like “the concept is hard to 

understand” and “hard to memorize” are provided to reflect common anticipated difficulties, 

allowing students to quickly select responses that are relevant to their experiences (see 

Figure 3.2). An “Other” option was also provided for each question, allowing students to 

write their own responses if the options did not capture their experience. 

Following these multiple-choice questions, the questionnaire includes open-ended 

questions that explore the reasons behind these difficulties. Finally, it ends with an open-

ended question requesting suggestions for improving students’ learning on the Cell Division 

topic. 

 

Figure 3.2: Example of a Multiple-Choice Question in Student Self-Administered 

Questionnaire 
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3.3.3 mGBL Evaluation Instrument 

This questionnaire was developed by the researcher to evaluate the mGBL 

application. It contains three sections, including demographic information (Section A), the 

mGBL’s playability evaluation questionnaire (Section B), and the evaluation of Cell% in 

addressing learning challenges (Section C). 

In Section A, the questionnaire collects demographic information, such as name, 

school, and class for students, and teaching experience in Biology for Biology teachers. 

Section B aims to evaluate the playability of the mGBL application developed by the 

researcher. This section was adapted from an instrument created by Zaibon & Shiratuddin 

(2010) to assess the playability of an mGBL application in terms of Game Usability, 

Mobility, Gameplay, and Learning Content using a Likert scale. The Game Usability 

component describes the player’s interaction with the game through the game interface and 

game controls. Game Mobility refers to how easily a player can access the game world and 

play at any time and from any location. Gameplay assesses how the game functions, ensuring 

it runs smoothly and consistently while providing an engaging and meaningful experience 

that keeps players interested and entertained. Learning Content emphasizes delivering 

informative, useful, and comprehensible material to users while they engage with the mGBL 

application. Playability is calculated by averaging these components. An mGBL application 

with high playability indicates good quality in usability, mobility, gameplay, and learning 

content aspects as an educational mobile game. Considering that secondary school students 

may find it difficult to understand the questions in the questionnaire, the original questions 

from Zaibon & Shiratuddin (2010) were rephrased in simpler words with the assistance of 
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the supervisor and were accompanied by relevant screenshots from the game scenes to ease 

the participants’ comprehension and ensure they fill out the questionnaire accurately. 

Section C aims to evaluate the effectiveness of the mGBL application developed by 

the researcher in addressing the learning challenges identified in the preliminary study. The 

questionnaire in this section was developed by the researcher with the assistance of the 

supervisor. It begins by asking participants to rate a particular learning experience while 

using the mGBL application on a 5-point Likert scale, in which indicating their agreement 

with the statement. This is followed by an open-ended question asking for the reasons behind 

their rating in the previous question. Each question corresponds to a specific learning 

challenge identified in the preliminary study, as shown in Table 3.2 below. Finally, this 

section ends with an open-ended question to collect comments and suggestions for 

improving the mGBL application. 

Table 3.2: Questions Correspond to Specific Learning Challenges Identified in the 

Preliminary Study 

Perspectives Questions 
Corresponding 

Problems 

Cognitive 

Do you think that playing Cell% can help students 

remember the learning content of the Cell Division 

topic more easily?  

Hard to 

memorize the 

content 

Do you think that playing Cell% can help students 

distinguish and understand the complex terms in the 

Cell Division topic?   

Complex 

terminology 

Do you think that playing Cell% can help students 

understand the concept of Cell Division topic more 

easily? 

The concept is 

hard to 

understand 

Do you think that playing Cell% can help prevent 

students from being confused when learning the Cell 

Division topic? 

Misconceptions 

Do you think that playing Cell% can help students 

learn the abstract topic of Cell Division better?   

The topic is too 

abstract 
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Table 3.2 continued 

Motivational 

Do you think that playing Cell% can increase 

students’ interest on the learning content of Cell 

Division topic?  

Not interested in 

the learning 

content 

Do you think that playing Cell% motivates students 

to learn the Cell Division topic, regardless of its 

difficulty?  

Lack of 

motivation due 

to the topic's 

difficulty 

Do you think that playing Cell% make students more 

active when learning the Cell Division topic? 

Students are 

passive in class 

Affective 

Do you think that playing Cell% make learning of the 

Cell Division topic more enjoyable?  

Learning 

process is not 

enjoyable 

Do you think that playing Cell% makes students feel 

more positive toward the Cell Division topic?  

Have negative 

feelings towards 

the topic 

Social 

Do you think that playing Cell% can increase 

students’ social interaction with others when learning 

the Cell Division topic?  

Lack of social 

interaction in 

class 

Do you think that playing Cell% makes students feel 

they are learning with others when studying the Cell 

Division topic?  

Feeling of 

isolation during 

topic study 

Do you think that playing Cell% gives students more 

opportunities for group learning when studying the 

Cell Division topic?  

Lack of 

opportunities for 

group learning 

 

 

3.4 Data Analysis 

The present study employs a mixed-methods approach, involving both quantitative 

and qualitative data. In this section, the analysis of both types of data collected from the 

study is presented based on five specific analyses derived from the research objectives, as 

shown below: 

i. Learning challenges in the Cell Division topic from students’ and teachers’ 

views. 
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ii. Strategies from students and teachers to improve Cell Division learning. 

iii. Playability of the mGBL application. 

iv. Effectiveness of the mGBL application in addressing learning challenges. 

v. Feedback from students and teachers to enhance the mGBL application. 

3.4.1 Learn ng  ha  enges  n the  e   D v s on Top c From Students’ and Teachers’ 

Views 

For this section, qualitative data collected from the preliminary study, including 

teacher interview recordings and responses from open-ended questions in the student self-

administered questionnaire, were used for data analysis. 

The audio recordings from the teacher interviews represent the views of Biology 

teachers on the learning challenges students face in the topic of Cell Division. The analysis 

involved transcribing the audio recordings, reviewing the transcripts, and highlighting key 

words or phrases related to learning challenges. After that, similar codes were grouped into 

main categories, which were then organized into cognitive, motivational, affective, social, 

and other perspectives. Last, the findings were summarized and explained in a report. The 

data analysis process is as shown in Figure 3.3 below. 

 

 Figure 3.3:  The Data Analysis Process for Interviews 

 

The responses from open-ended questions in the student self-administered 

questionnaire represent the students’ views on the learning challenges they face in the topic 

Raw Data 
(audio)

Data 
Transcription Data Coding

Data 
Categorization Report
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of Cell Division. The data analysis followed a process similar to the teacher interview 

analysis but without transcription. First, data from Google Forms was imported into 

Microsoft Excel for organization and cleaning. Key words, phrases, or sentences related to 

learning challenges were highlighted, coded, and grouped into main categories. These 

categories were organized into cognitive, motivational, affective, and other perspectives, 

with their frequencies calculated. The findings were summarized and explained in a report, 

as shown in Figure 3.4 below. 

 

Figure 3.4: The Data Analysis Process for Open-Ended Questions 

 

Overall, by following these data analysis processes, the learning challenges in the 

topic of Cell Division from both students’ and teachers’ views could be identified. 

3.4.2 Strategies From Students and Teachers to Improve Cell Division Learning 

For this section, qualitative data collected from the preliminary study, including 

teacher interview recordings and responses from the last open-ended question asking for 

suggestions and strategies in the student self-administered questionnaire, were used for data 

analysis. 

The teacher interview recordings and student questionnaire responses provided 

strategies to enhance learning in the Cell Division topic from the views of teachers and 
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Data 
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students, respectively. Both datasets were analysed similarly to the processes in Figures 3.3 

and 3.4, including coding, categorization, and frequency calculations. 

Overall, by following these data analysis processes, the strategies from both students 

and teachers to improve Cell Division learning could be identified. Since the main research 

objective is to design and develop an mGBL application, the potential strategies that are 

relevant to this goal were highlighted and used as references in the design and development 

process of the mGBL application. 

3.4.3 Playability of the mGBL Application 

For this section, the quantitative data collected from Section B of the mGBL 

evaluation instrument was used for data analysis. Since both students and Biology teachers 

were the users of the mGBL application developed by the researcher, data from all 

participants were included in the analysis to evaluate the playability of the application. 

Section B of the mGBL evaluation instrument is a questionnaire adapted from Zaibon 

and Shiratuddin’s (2010) study to evaluate the playability of an mGBL application using a 

5-point Likert scale. There are a total of 27 questions in the questionnaire, divided into four 

components, including Game Usability (GU), Mobility (MO), Gameplay (GP), and Learning 

Content (LC). Before starting the data analysis, each question was labelled with its 

corresponding item code and component, as shown in Table 3.3 below, to organize the data 

and facilitate the analysis process later. 
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Table 3.3: Components and Their Corresponding Questions in Section B of mGBL 

Evaluation Instrument 

Components Code Questions 

Game 

Usability 

GU1 I think the game's sounds and visuals are helpful 

GU2 I think the screen layout is clear and looks nice 

GU3 
I think the device's interface and the game's interface are 

designed well for their own purposes 

GU4 

I find the navigations in the game easy to use 

(Example: It is easy for me to navigate to other screens in the 

game) 

GU5 I think the game control keys always follow the usual way 

GU6 I think that the game controls are easy to use and adaptable 

GU7 I feel that the game provides responses to what the player does 

GU8 I believe that if I make a mistake in the game, I can fix it later 

GU9 
I think the game does not require me to remember unnecessary 

things 

GU10 
I think the game provides assistance or help when needed  

(Example: The game provides instructions during gameplay) 

Game 

Mobility 

MO1 I think it's easy to start the game and play sessions quickly 

MO2 
I think the game fits well with the surroundings  

(Example: I can play the game anywhere without any problems) 

MO3 

I think that the game deals with interruptions in a reasonable way 

(Example: I can pause the game at any time and continue to play 

later) 

Gameplay 

GP1 
I think the game clearly sets goals or helps players create their 

own goals 

GP2 I can see my progress in the game and compare it  

GP3 
I receive rewards in the game and these rewards are meaningful  

(Example: Get badges when unlocked achievements) 

GP4 

I have control over the game  

(Example: I know what happening in the game and I know what 

to do in the game)  

GP5 

I think that the game’s difficulty, strategy, and pace are well-

balanced  

(Example: The game levels are not too easy and too hard for me, 

and I can play the game with my own way and pace) 

GP6 I had a good experience when I played the game for the first time 
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Table 3.3 continued 

 

GP7 I think that the game story helps the gameplay and is meaningful 

GP8 I think the tasks in the game are not repetitive and boring 

GP9 
I think that the game keeps progressing smoothly without getting 

stuck or becoming boring 

GP10 

I think the game is consistent 

(Example: The actions or the way to play the game are uniform 

and logical) 

Learning 

Content 

LC1 I can learn the Cell Division topic easily by playing the game 

LC2 I think the game teaches about the Cell Division topic 

LC3 

I think the game accomplishes its learning goals 

(Example: I learned all Cell Division phases such as Mitosis, 

Meiosis I and Meiosis II from the game) 

LC4 I think the learning content is easy to understand 

 

The data analysis for this section followed the same approaches as Shiratuddin and 

Zaibon (2011). First, the mean score for each item was calculated based on the ratings given 

by the participants. The mean score for each item indicates the overall level of agreement 

among the participants regarding that specific item. Next, an overall mean for each 

component was calculated to obtain the overall rating for the components. A higher overall 

mean for a component indicates a higher rating of the mGBL application in that area. To 

assess the playability value of the mGBL application, the average of the four components 

was calculated, as shown in Equation 3.1 below. 

Playability =
𝐺𝑈 + 𝑀𝑂 + 𝐺𝑃 + 𝐿𝐶

4
 

Equation 3.1 

Since a 5-point Likert scale was adopted, the response classifications from Brace 

(2004) were used to determine the Playability for the mGBL application, as suggested by 

Shiratuddin and Zaibon (2011). The response classifications are shown in Table 3.4 below. 
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Table 3.4: Response Classifications by Brace (2004) 

Interval Classes 

1.00 - 1.80 Highly low 

1.81 - 2.60 Low 

2.61 - 3.40 Moderate 

3.41 - 4.20 High 

4.21 - 5.00 Highly high 

To ensure that the mGBL application developed by the researcher meets the needs 

of all users, a benchmark for high playability was set. The playability value should be at least 

3.41 to fulfil the research objective of designing and developing an mGBL application with 

high playability. 

3.4.4 Effectiveness of the mGBL Application in Addressing Learning Challenges 

For this section, both quantitative and qualitative data collected from Section B of 

the mGBL evaluation instrument were used for data analysis. The quantitative data consisted 

of participants’ ratings of their learning experiences while using the mGBL application on a 

5-point Likert scale, while the qualitative data came from participants’ responses to open-

ended questions asking for reasons behind each learning experience. 

Before starting the data analysis, the data from the mGBL evaluation instrument was 

imported from Google Forms into Microsoft Excel for organization and data cleaning. Then, 

the data was divided into two spreadsheets, one for the students’ group and one for the 

teachers’ group, based on the demographic information provided by participants. This step 

is to allow the comparison between these groups in the analysis.  
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3.4.4.1  Quantitative data 

The analysis of the participants’ ratings of their learning experiences with the mGBL 

application followed these steps. First, the mean score for each item was calculated, 

reflecting the overall agreement on that item. Higher mean scores indicated greater 

effectiveness in addressing learning challenges identified in the preliminary study (see Table 

3.2). Using a 5-point Likert scale, Brace’s (2004) response classifications (Table 3.4) were 

applied to describe the effectiveness of the mGBL application. With the study’s goal of 

addressing learning challenges, the benchmark was set to “high” or “highly high”, with a 

mean score of at least 3.41. Finally, the findings for both student and teacher groups were 

presented and explained in a report. 

3.4.4.2  Qualitative data 

The qualitative data analysis of participants’ open-ended responses is similar to the 

process in Figure 3.4, involving reviewing, coding key words or phrases, and calculating 

code frequencies. Findings for both student and teacher groups were then presented and 

explained in a report. 

3.4.5 Feeback From Students and Teachers to Enhance the mGBL Application 

For this section, qualitative data collected from the final open-ended question in 

Section C of the mGBL evaluation instrument, which asked for comments and suggestions 

to enhance the mGBL application developed by the researcher, were used for data analysis. 

Before analysis, data from the mGBL evaluation instrument was imported from 

Google Forms into Excel for organization and cleaning. It was divided into separate 

spreadsheets for students and teachers, to enable group comparison. Then, the responses 

were coded and categorized, by following the steps in Figure 3.4. 
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Overall, by following these data analysis processes, suggestions from both students 

and teachers to enhance the mGBL application were identified. These suggestions serve as 

references for the researcher to improve the mGBL application in the next design-based 

research cycle for future studies. 

3.5 Reliability and Validity 

Based on Kubai (2019), the research instruments should be created to accurately 

measure what the study aims to investigate and to make sure the results are useful and 

meaningful. Hence, reliability and validity of the instruments should be checked to ensure 

the trustworthiness of the research findings. Validity refers to what an instrument measures 

and how effectively it does so, while reliability focuses on the accuracy of the data collected 

and how well a measuring tool minimizes random errors (Ahmed & Ishtiaq, 2012). 

The reliability and validity of the study’s instruments were established through 

several methods. First, the teacher interview protocol and student self-administered 

questionnaire were based on validated tools from prior research, which were adapted from 

Cimer’s (2012) instrument for identifying learning challenges in Biology. Also, Section B 

of the mGBL evaluation instrument was adapted from Zaibon & Shiratuddin’s (2010) tool, 

which evaluates the playability of mGBL application. Using these recognized tools helped 

make sure that the study’s instruments were reliable and met research standards. 

Section C of the mGBL evaluation instrument, which was used to evaluate the 

effectiveness of the application in addressing learning challenges, was developed by the 

researcher. To enhance content validity, this section was reviewed and validated by the 

researcher’s academic supervisor, an expert in learning sciences. Her feedback ensured that 

the questions were aligned with the challenges identified in the preliminary study and were 
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clearly understandable for the participants. The supervisor’s guidance also helped simplify 

the complex language in the instruments, especially in the mGBL evaluation instrument, 

making the questions more understandable for secondary school students. These expert 

inputs were important to ensure that each instrument accurately measured its intended 

purpose, in which supporting the study’s validity. 

Although no statistical reliability index such as Cronbach’s alpha was calculated for 

the adapted or self-developed items, efforts were made to ensure clarity and consistency. A 

pilot test was conducted with a small group of former Form 4 Biology students to confirm 

the clarity of the instruments. Feedback from these pilot tests helped the researcher ensure 

that the questionnaire items were understandable and appropriate. This process supported 

the content validity of the instruments used in the study. 

Additionally, data collection was conducted through online meetings rather than 

simply sharing the Google Form link with participants. During these meetings, the researcher 

explained each question and allowed participants to ask clarifying questions if they found 

any items confusing. This approach improved the accuracy of participants’ responses, 

thereby enhancing the reliability and validity of the data.  

To minimize potential biases such as social desirability, participants were reminded 

that their responses would not affect their academic performance. They were encouraged to 

answer honestly based on their actual experiences and were assured that there were no right 

or wrong answers. 
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3.6 Ethics 

Before conducting the study in government schools to collect data, the researcher 

sought permission from various local authorities, including the Education Planning and 

Research Division (EPRD) of the Ministry of Education Malaysia, the State Education 

Department (JPN), the District Education Office (PPD), and the school administrators. Data 

collection in government schools was initiated only after obtaining approval letters from all 

these departments. 

Prior to conducting data collection, all participants in the study were provided with 

informed consent forms, which they signed to indicate their voluntary participation. The 

informed consent form of students was signed by their parent or guardian. The informed 

consent form clearly explained the purpose of the study and informed participants about its 

nature. Furthermore, it assured participants that their identities and all collected information, 

including audio recordings during interview sessions, would be treated as confidential and 

used solely for research purposes. Additionally, participants were informed of their right to 

withdraw from the research intervention or decline to complete the questionnaire at any point 

without any consequences or obligations. This ensured that the study was conducted in an 

ethical and respectful manner, respecting the autonomy and privacy of the participants. 

The study has also acquired consent form UNIMAS Research Ethics Committee 

(Social Sciences). The instruments have been vetted and verified. 
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3.7 Chapter Summary 

In summary, this chapter discussed how the present study was conducted to obtain 

findings that align with the research objectives. The study employs design-based research 

with mixed methods, following the cyclical process of design-based research while 

collecting quantitative and qualitative data. It began with a preliminary study to diagnose 

learning challenges in Cell Division from the views of both teachers and students, by using 

interviews with Biology teachers and self-administered questionnaire for students. Based on 

the learning challenges identified in the preliminary study, an mGBL application was 

developed and implemented for students and Biology teachers to use for about two weeks. 

The mGBL application was then evaluated by the participants using the mGBL evaluation 

instrument. This chapter also discussed data analysis, reliability and validity of the 

instruments to ensure the findings from the study were meaningful. Finally, this chapter ends 

up with the ethical statements to clarify the ethics of the present study. 
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CHAPTER 4  
 

 
LEARNING CHALLENGES IN THE CELL DIVISION TOPIC 

4.1 Overview 

A preliminary study was conducted in 2021 to identify the challenges faced by 

secondary students learning the Cell Division topic, where the schools were still operating 

in online class mode. Self-administered questionnaires were used to investigate the issues 

from students’ perspectives, while teacher interviews were conducted to understand the 

problems from teachers’ perspectives. This section presents demographic information, data 

coding and tabulation, learning challenges from multiple perspectives, and strategies that 

could help in learning the Cell Division topic based on both students’ and teachers’ views. 

4.2 Demographic Information 

A total of 34 participants from School X and School Y were involved in the study, 

including 31 students and 3 teachers. Their demographic information is presented below.  

4.2.1 Demographic Information of Students 

There were 31 Form 4 Biology students have participated in the preliminary study, 

where 23 students were from School X and 8 students were from School Y. Their 

demographic details are as shown in Table 4.1.  

Table 4.1: Demographic Information of Students 

Information Number of students 

School 

School X 23 

School Y 8 

 Total 31 
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Table 4.1 continued 

Gender 

Male 13 

Female 18 

Total 31 

Age 

15 years old 1 

16 years old 29 

17 years old 1 

Total 31 

Race 

Malay 8 

Chinese 18 

India 5 

Total 31 

Besides demographic questions, the question “Do you play mobile games?” was 

included in the demographic section of the questionnaire to obtain the number of students 

who play mobile games. Table 4.2 shows the number of students who play mobile games. 

There were 77% of students play mobile games while the remaining 23% don’t play mobile 

games. Therefore, it can be concluded that a majority of students play mobile games, and 

most of the students were familiar with mobile gaming. 

Table 4.2: Number of Students Who Play Mobile Games 

Do you play mobile games? Number of students Percentage 

Yes 

No 

Total 

24 77% 

7 23% 

31 100% 
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4.2.2 Demographic Information of Teachers 

Three Biology teachers from two different schools, which are School X and School 

Y were interviewed for the preliminary study. The summary of the teachers’ demographic 

information is manipulated in Table 4.3 below. 

Table 4.3: Demographic Information of Teachers 

Teacher School Working experience as a Biology teacher 

Teacher A School X  20 years (Form 4 & Form 5) 

Teacher B School Y 12 years (8 years for Form 4 & Form 5 + 4 years 

for Form 6) 

Teacher C School Y 5 years (Form 4 & Form 5) 

 

4.3 Data Coding and Tabulation 

In this part, the data collected from the students’ questionnaires and the transcripts 

of the teacher interviews were coded and categorized into two main categories, which are 

the definite problem and indefinite problem, as described below: 

i. Definite problem:  The data that clearly identifies specific problems faced 

by the respondent. These problems are well-defined and provide concrete 

examples of difficulties, such as “hard to memorize the content” and “not 

interested in the learning content”. The data was presented with the coded 

problems in data tabulation. 

ii. Indefinite problem:  The data that is vague or lacks specificity regarding the 

problem. This data reflects uncertainty or does not specify any problem, such 



 

83 

 

as “no problem” and “not sure”. The data was presented with “Indefinite 

problem” in data tabulation. 

After categorizing the data into two main categories, the responses were further 

classified into different reason categories, which were derived from recurring themes in the 

responses. For each problem, the given reasons and sample quotations by the respondents 

were presented as support. The frequency of these problems and their reasons was calculated. 

The results were presented in tables from the students’ and teachers’ views, based on 

cognitive, motivational, affective, social and other perspective. 

The coding and theme development were conducted by the researcher based on 

recurring patterns and key ideas in the data. While no formal inter-rater validation was 

conducted, efforts were made to ensure consistency and transparency throughout the process. 

Future studies may consider involving additional coders to further strengthen the reliability 

of the qualitative analysis. 

4.4 Learning Challenges in Cell Division Topic from Different Perspectives 

In this section, the learning challenges in the Cell Division topic are discussed from 

cognitive, motivational, affective, social, and other perspectives. Each perspective is divided 

into students’ views, teachers’ views, and an overall summary. 

 

 

 



 

84 

 

4.4.1 Cognitive Perspective 

4.4.1.1  Students’ Views 

Table 4.4: Students’ Views on the Cognitive Challenges in the Cell Division Topic 

Problem Reason Sample excerpts Frequency 

Hard to 

memorize 

the content 

Many contents/ concepts 

need to be memorized 

“There are so many contents 

I have to memorize it” (S15) 
25.81% 

Spent more time 

memorizing the topic 

“…I need time to memorize 

this chapter even more” 

(S22) 

6.45% 

Total  32.26% 

The 

concept is 

hard to 

understand 

A lot of concepts and 

differences from the Form 

3 syllabus 

“There are a lot of concepts 

that are different and 

elevated from the form 3 

syllabus” (S23) 

 

9.68% 

Cannot understand the 

explanation of the teacher 

“…When the teacher 

explained it, I couldn't 

understand it at all…” (S14) 

3.26% 

Total  12.90% 

Complex 

terminology 

Hard to memorize and 

confuse the new terms in 

the topic 

“It is hard to memorize the 

terms in the topic. I always 

confuse the terms 

‘chromosomes’ and 

‘chromatids’” (S13) 

12.90% 

Total  12.90% 

Indefinite 

problem 

No problem as the topic is 

easy 
“It is an easy topic” S16 6.45% 

No problem found - 35.48% 

Total  41.94% 

Table 4.4 shows the problems faced by students in learning Cell Division topic from 

the cognitive perspective. According to the data, there are three main problems faced by 

students in the cognitive perspective, which are hard to memorize the content, the concept is 
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hard to understand, and complex terminology. First, students have memorization problem in 

learning Cell Division topic because there are too many contents and concepts in the topic 

need to be memorized, such as the stages in the cell division process. Also, students need to 

consume more time to memorize the content of the topic. Next, the concept in Cell Division 

is hard to understand by students as the topic is very different from the previous Form 3 

syllabus, which may cause a huge gap when studying the topic. Besides that, there is a 

student who cannot understand the explanation of the teacher in class, which leads to 

difficulty in understanding the concepts in Cell Division topic. Last, there are many foreign 

and complex terms in the topic, which made the students hard to memorize and confuse 

about them, such as the terms of “chromosomes”, “chromatids”, and “cytokinesis”. For 

indefinite problem, 41.94% students found no problems in cognitive perspective, where 6.45% 

of them provided reasons with the topic is easy. Overall, there are eighteen students faced 

problems in learning Cell Division topic from cognitive perspective, while the remaining 

thirteen students have no problem with it. 

4.4.1.2  Teachers’ Views 

Table 4.5: Teachers’ Views on the Cognitive Challenges in the Cell Division Topic 

Problem Reason/ Elaboration Sample excerpts 

Hard to 

memorize the 

content 

There are many 

stages in cell division 

that need to be 

memorized 

“…the cell division has many stages starting 

from mitosis and meiosis… They have to 

memorize each stage in the cell cycle, during 

the cell division” (Teacher A) 

“…they need to know and memorize the 

sequences, the stages, what happen in a certain 

stage…  The problem is there are a lot of cell 

division processes that need to be learned by 

the students…” (Teacher B) 
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Table 4.5 continued 

Misconception 

Difficult to 

differentiate the cell 

division processes  

“There are two processes, mitosis and meiosis 

and certain students cannot differentiate them” 

(Teacher A) 

Confuse in learning 

chromosome 

behaviour 

“For example, the chromosomal behaviour 

during each stage in mitosis or meiosis… 

they're a bit confused the stage” (Teacher A) 

“…they faced the problem of differentiating 

the process between prophase and metaphase” 

(Teacher C) 

Complex 

terminology 

Many specific terms 

need to be memorized 

“… there are a lot of specific terms for them to 

memorize” (Teacher C) 

Confuse with some 

similar specific terms 

“Yes, like homologous chromosomes, 

chromatids… they sound alike. Maybe the 

students are confused about it” (Teacher B) 

The topic is 

too abstract 

Hard to visualize the 

concept   

“…the students need to imagine and at the 

same time, they need to memorize the order of 

the cell division process…” (Teacher B) 

Table 4.5 presents the teachers’ view on the problems in learning the Cell Division 

topic from the cognitive perspective. First, all teachers agreed that memorization challenges 

are a significant issue for students in learning Cell Division topic. This memorization 

challenge arises from the vast learning content that students need to memorize, such as the 

stages in the cell division process. Next, Teacher A and Teacher C noted that students often 

have misconceptions while learning Cell Division topic. According to them, the students 

usually struggle to differentiate between processes such as mitosis and meiosis, or stages 

like prophase and metaphase. Also, the students always confused about the chromosome 

behaviour in mitosis and meiosis. Additionally, the topic’s complex terminology, including 

many similar sounding terms, adds to the confusion of students in learning Cell Division 

topic. As mentioned by Teacher C, there are a lot of specific terms in the Cell Division topic 

that need to be memorized by the students. Teacher B further emphasized that many of these 
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terms are sound alike, which can confuse the students and lead to misconceptions. Last, the 

abstract nature of Cell Division topic makes learning process even challenging, as students 

must visualize the cell division processes like chromosomal behaviours which cannot be 

observed with the naked eye. Teacher B explained that visualizing these processes, such as 

the chromosomal behaviours in mitosis and meiosis, is essential but difficult for students.  

Overall, teachers found that memorization challenges, misconceptions, complex 

terminology, and the topic’s abstract nature were the problems in learning the Cell Division 

topic from the cognitive perspective. During the interview, Teacher B also described Cell 

Division as one of the most challenging topics in Biology, as it requires students to engage 

in multiple cognitive processes simultaneously, as shown in the excerpt below: 

For me, there’s a lot of cognitive process in learning this process, like comprehension, 

memorization, and misconception also may happen at the same time. (Teacher B) 

4.4.1.3  Overall for Cognitive Perspective 

From the cognitive perspective, one primary challenge is the extensive amount of 

content in Cell Division topic that students need to memorize. This includes various stages 

of cell division, and students have reported difficulties due to the bulk of memorization that 

had to be covered in the topic required for the topic (Cimer, 2012; Hadiprayitno et al., 2019; 

Ozcan et al., 2014). Evidence of this struggle is reflected in the findings, where 32.26% 

students and two teachers noted that memorizing the content was difficult. Furthermore, the 

complex terminology poses a problem, as indicated by feedback from 12.90% students and 

two teachers, who reported that students often confuse with the terms like “chromosomes” 

and “chromatids”. This problem aligns with Kılıç and colleagues (2016), who argued that 

similar-sounding or visually alike terms can confuse students.  
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Additionally, 12.90% students indicated challenges in understanding the concepts in 

Cell Division topic, supporting the claims made by Doğru and Özsevgeç (2018) that 

concepts in Cell Division and genetics were hard to grasp and comprehend. Another notable 

challenge mentioned by participants (2 teachers) was the misconceptions, especially 

regarding the differences between mitosis and meiosis, which led to difficulties in 

distinguishing between the two processes (Dikmenli, 2010; Murtonen et al., 2020). These 

difficulties in memorizing content and understanding concepts may be interrelated. Students 

who do not fully grasp the underlying processes of cell division are more likely to rely on 

surface memorization, making it harder to retain complex sequences such as the stages of 

mitosis and meiosis. Without conceptual clarity, memorization becomes mechanical and less 

meaningful, increasing the likelihood of confusion and forgetfulness. Lastly, the abstract 

nature of Cell Division topic is another challenge pointed out by one teacher, because the 

topic requires higher-order thinking skills to comprehend processes that are not directly 

observable, as supported by Kılıç and colleagues (2016). 

4.4.2 Motivational Perspective 

4.4.2.1  Students’ Views 

Table 4.6: Students’ Views on the Motivational Challenges in the Cell Division Topic 

Problem Reason Sample excerpts Frequency 

Not 

interested in 

the learning 

content 

The topic is too boring 
“It is boring when learning 

about cell division” (S25) 
19.35% 

Total  19.35% 
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Table 4.6 shows the problems faced by students in learning Cell Division from the 

motivational perspective. According to the data, there are two main problems faced by 

students in the motivational perspective, which are not interested in the learning content and 

lack of motivation due to the topic’s difficulty. First, 19.35% students were not interested to 

learn Cell Division topic because they think that the learning process in studying Cell 

Division is very boring. Next, 6.45% students thought that the Cell Division topic is too 

complicated, which affects their motivation to learn the topic. For indefinite problem, 74.19% 

students found no problems in motivational perspective, where 6.45% of them are interested 

with Cell Division topic. Overall, 25.81% students faced problems in learning Cell Division 

topic from the motivational perspective, while the remaining 74.19% students have no 

problem with it. 

 

 

 

Table 4.6 continued 

Lack of 

motivation 

due to the 

topic's 

difficulty 

The topic is too 

complicated  

“The topic is complicated 

and difficult, which make 

me less motivation to learn 

cell division” (S28) 

6.45% 

Total  6.45% 

Indefinite 

problem 

No problem because 

interested in the topic 

“I like to understand the 

subjects” (S21) 
6.45% 

 No problem found - 67.74% 

Total  74.19% 
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4.4.2.2  Teachers’ Views 

Table 4.7: Teachers’ Views on the Motivational Challenges in the Cell Division Topic 

Problem Reason/ Elaboration Sample excerpts 

Lack of 

motivation 

due to the 

topic’s 

difficulty 

The topic is difficult 

for students 

“…for the motivational perspective usually 

there's no problem. But after learning, there 

will come the problem… Yes, quite difficult, 

because … the stage of the chromosome they 

have to memorize, that’s the main problem” 

(Teacher A) 

“From my experience, once the students learn 

this topic for the first time, they will be 

confused and think the topic is difficult, which 

affects their motivation to learn this topic” 

(Teacher B) 

Cannot answer exam 

questions 

“Also, when examination, the students may 

cannot answer the objective or structure 

questions, then their motivation to learn this 

topic may be decreased indirectly” (Teacher B) 

Students are 

passive in 

class 

 

Don’t want to involve 

in activities 

“They don't want to involve, they just look and 

see their friends make the model and so on” 

(Teacher A) 

Shy to ask questions 

“They are more passive, shy to ask questions… 

They like to ask me personally, instead of 

asking questions during class. I think maybe 

they don’t like to ask questions in public” 

(Teacher C) 

Table 4.7 presents the teachers’ view on the problems in learning the Cell Division 

topic from the motivational perspective. First, a lack of motivation due to the topic’s 

difficulty was highlighted. According to Teacher A, students initially do not face 

motivational problems. However, after starting the Cell Division topic, they often find it 

difficult to learn. These difficulties stem from cognitive challenges, such as memorization 

issues and misconceptions, as mentioned earlier. Similarly, Teacher B observed that students 

perceive the Cell Division topic as challenging and struggle to answer related questions in 
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examinations. Consequently, their motivation to learn the topic is negatively impacted. Next, 

students’ passivity in class was also noted. Teacher A mentioned that some students remain 

passive during group activities, merely observing their peers instead of actively participating. 

Teacher C further explained that students tend to be shy to ask questions in class publicly, 

and they prefer to ask questions with teacher privately. Overall, teachers found that a lack of 

motivation due to the topic’s difficulty and students’ passivity in class were the problems in 

learning the Cell Division topic from the motivational perspective. 

4.4.2.3  Overall for Motivational Perspective 

From the motivational perspective, the results indicate that 19.35% students are 

disinterested in the Cell Division topic because they perceive it as boring and unengaging. 

This lack of interest may stem from the teaching methods employed, as Hadiprayitno and 

colleagues (2019) noted that a teacher-centred approach that relies heavily on textbooks and 

lacks real-life connections can diminish students’ motivation. Additionally, the difficulty of 

the topic appears to negatively affect motivation, with 6.45% students and two teachers 

indicated a relationship between the difficulty of the Cell Division topic and the students’ 

motivation to learn, as suggested by Hadiprayitno and colleagues (2019). 

Furthermore, low motivation levels lead to student passivity in the classroom, where 

students prefer to observe rather than engage actively, as pointed out by two teachers in the 

findings. This behaviour can be explained by Etobro and Fabinu (2017), who found that 

students often adopt a passive learning approach in classrooms that prioritize teacher-centred 

methods, failing to address students’ needs and preferences. 
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4.4.3 Affective Perspective 

4.4.3.1  Students’ Views 

Table 4.8: Students’ Views on the Affective Challenges in the Cell Division Topic 

Table 4.8 shows the problems faced by students in learning Cell Division from the 

affective perspective. According to the data, there are two main problems faced by students 

in the affective perspective, which are learning the topic is not enjoyable and having negative 

feelings towards the topic. First, 29.03% students do not enjoy the learning process of the 

Cell Division topic because of two reasons, which are the topic is too boring, and the topic 

is hard to understand. From that, we can see that the motivational and cognitive aspects 

contribute to the students’ learning problem from the affective perspective. Next, 6.45% 

students have negative feelings towards the topic, such as feeling frustrated and felt stress. 

Problem Reason Sample excerpts Frequency 

Learning the 

topic is not 

enjoyable 

The topic is too boring 
“The learning process is too 

boring” (S14) 
9.68% 

The topic is hard to 

understand 

“The topic is hard to 

understand of course cannot 

enjoy the topic…” (S4) 

19.35% 

Total  29.03% 

Have 

negative 

feelings 

towards the 

topic 

Felt frustrated when 

learning the topic  

“I feel frustrated because I 

can’t understand some part” 

(S22) 

3.23% 

Felt stressed when learning 

the topic 

“…when hard to understand 

make me so stress” (S25) 
3.23% 

Total  6.45% 

Indefinite 

problem 

No problem because the 

topic is enjoyable to study 

“I enjoy learning about it.” 

(S21) 
6.45% 

No problem found - 58.06% 

Total  64.52% 
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Both have those negative feelings when they faced difficulties in understanding the learning 

content of the topic. For indefinite problems, 64.52% students found no problems in affective 

perspective, where 6.45% of them enjoy the study of Cell Division topic. Overall, 35.48% 

students faced problems in learning the Cell Division topic from the affective perspective, 

while the remaining 64.52% students have no problem with it. 

4.4.3.2  Teachers’ Views 

Table 4.9: Teachers’ Views on the Affective Challenges in the Cell Division Topic 

Problem Reason/ Elaboration Sample excerpts 

Learning the 

topic is not 

enjoyable 

Don’t want to involve 

in activities 

“…certain students have problems to enjoy the 

activity, they don't want to involve…” 

(Teacher A) 

Indefinite 

problem 

No problem as did 

not meet any student 

that have affective 

problem 

“I didn’t meet a student that feels anxious 

about learning so far… I think it depends on 

how the teacher teaches. If the teacher just 

literally writes and talks only, sure the students 

will not enjoy the learning process…” 

(Teacher B) 

Not sure because 

students are passive 

in class 

“I’m not sure, I can’t see it… because the 

students are passive, but they do the exercise” 

(Teacher C) 

Table 4.9 presents the teachers’ view on the problems in learning the Cell Division 

topic from the affective perspective. Teacher A found that some students did not enjoy the 

class activities. Based on her observations, a few students appeared passive and might not 

have engaged fully in the activities related to the Cell Division topic. Other teachers reported 

either no issues or expressed uncertainty regarding affective problems. According to Teacher 

B, he believed that students had no affective issues based on his experience. However, he 

noted that students’ enjoyment of the learning process depends significantly on the teacher’s 

teaching style. For Teacher C, he was uncertain about the affective challenges students faced 
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in learning the Cell Division topic. He explained that he could not determine this as the 

students appeared passive in class. Overall, the teachers identified the lack of enjoyment in 

the learning process as a problem in learning the Cell Division topic from an affective 

perspective. 

4.4.3.3  Overall for Affective Perspective 

From affective perspective, the results indicate that many students find learning Cell 

Division topic is not enjoyable. As shown in result, 29.03% students expressed their dislike 

for the topic, citing its difficulty and the boredom associated with learning it. Teacher B, 

during the interview, noted that this issue arises from a lack of interactive teaching methods. 

Additionally, 6.45% students mentioned experiencing negative emotions while studying the 

Cell Division topic. The result showed that the problems were intrinsic in nature to the topic, 

leading to frustration and stress if students had problems in understanding and mastering the 

content. This finding is in agreement with the previous-mentioned motivational problems 

since students’ interest in studying Biology would be lost if they face difficulties learning it. 

4.4.4 Social Perspective 

4.4.4.1  Students’ Views 

Table 4.10: Students’ Views on the Social Challenges in the Cell Division Topic 

Problem Reason Sample excerpts Frequency 

Lack of 

social 

interaction in 

online class 

Cannot gather in school 

due to pandemic 

“Because of this pandemic, 

we can’t go to school and the 

interaction between students 

and teachers is lesser” (S2) 

19.35% 

Total 
 

 
19.35% 
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Table 4.10 shows the problems faced by students in learning Cell Division topic from 

the social perspective. According to the data, there are three main problems faced by students 

in the social perspective, which are lack of social interaction during lessons, felt isolated 

when studying the topic, and lack of opportunities for group learning. First, 19.35% students 

thought that their lessons in Cell Division topic are lacking social interaction, either with 

their peers or teachers. This problem is due to the online class during the pandemic period, 

where the students cannot study at school as used to be, which leads to jeopardizing the 

Table 4.10 continued 

 

Feeling of 

isolation 

when 

studying the 

topic 

No one to discuss with 

“I’m interested in learning 

cell division, but all of my 

friends do not like this topic, 

I have no one to discuss 

with” (S4) 

3.23% 

Felt helpless when faced 

difficulties in learning 

“When I can’t understand 

some parts in this topic, I 

tried to ask the others, but 

they can’t help me, this made 

me felt helpless and alone” 

(S14) 

3.23% 

Total  6.45% 

Lack of 

opportunities 

for group 

learning 

Home study “Because home study” (S6) 3.23% 

Listen to the teacher in 

class only 

“Usually we listen to the 

teacher in class only, I prefer 

more on group learning” 

(S28) 

3.23% 

Total  6.45% 

Indefinite 

problem 

No problem because don’t 

have internet problem in 

online class 

“I didn’t have internet 

problems during online 

class” (S21) 

3.23% 

No problem found - 64.52% 

Total  67.74% 
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social interaction in learning. Next, 6.45% students felt isolated when studying the Cell 

Division topic, where 3.23% of them don’t have friends to discuss the topic with her, while 

the other felt helpless when facing difficulties in learning. Furthermore, 6.45% students 

thought that they are lacking opportunities for group learning because of home study due to 

the pandemic situation and they usually listen to the teacher in class only. For indefinite 

problem, 67.74% students found no problems in social perspective, where there was a 

student gave the reason of have no internet problem in online study. Overall, 32.26% 

students faced problems in learning the Cell Division topic from the motivational perspective, 

while the remaining 67.74% students have no problem with it. 

4.4.4.2  Teachers’ Views 

Table 4.11: Teachers’ Views on the Social Challenges in the Cell Division Topic 

Problem Reason/ Elaboration Sample excerpts 

Lack of social 

interaction in 

online class 

Cannot gather in 

school due to 

pandemic 

“Yes, because we are in the status of PdPR 

(online class), so we have no choice and don’t 

have any other ways for teaching, and group 

learning for students also. We cannot gather in 

school in this current situation…” (Teacher C) 

Indefinite 

problem 

No problem as having 

class activities 

“…there are no difficulties in the social 

interaction because when doing the activities, 

they are very enjoying, and they are learning in 

their group” (Teacher A) 

No problem, it 

depends on the base 

knowledge of the 

students 

“…if the students have strong basic knowledge 

about a topic, they will have no problem in 

communication or the discussion in group 

learning” (Teacher B) 

Table 4.11 presents the teachers’ view on the problems in learning the Cell Division 

topic from the social perspective. First, there is a difficulty of teaching online classes. 

According to Teacher C, due to the pandemic, teachers and students can no longer gather in 

school as they once did. As a result, online classes became the only option for teaching, 



 

97 

 

which negatively affects social interaction in class. During this time, he could only rely on 

homework. Other teachers reported no issues related to social problems. Teacher A stated 

that there were no social issues because she always incorporates class activities such as group 

learning and presentations for students. Teacher B also believed that students had no social 

problems unless they lacked a strong foundational knowledge of the topic, which could lead 

them to feel confused in class and engage passively. Overall, the teachers identified the lack 

of social interaction in online classes as a problem that students face when learning the Cell 

Division topic from a social perspective. 

4.4.4.3  Overall for Social Perspective 

From the social perspective, the transition to online classes during the pandemic has 

greatly impacted the social aspect of learning. Students reported feeling isolated due to the 

lack of face-to-face interaction and group activities. Teacher C also pointed out that reduced 

social interaction is a common challenge in online learning environments. This is supported 

by 19.35% of students who mentioned the lack of social interaction, and 6.45% who 

specifically expressed feelings of isolation while studying. In addition, 6.45% of students 

highlighted the lack of opportunities for group learning, which made it harder for them to 

collaborate and solve problems together. This may have affected their understanding of the 

Cell Division topic, as peer discussions and group work often help students clarify confusing 

concepts and correct misconceptions. Without this peer support, students may have struggled 

more to comprehend abstract processes like mitosis and meiosis. While these findings reflect 

learning during the pandemic, it is worth considering that in post-pandemic face-to-face 

classrooms, the return of peer interaction and group activities may help address some of 

these challenges and improve conceptual understanding. 
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4.4.5 Add-on Problems 

4.4.5.1  Students’ Views 

Table 4.12: Students’ Views on the Other Challenges in the Cell Division Topic 

A question was included in the open-ended section to allow students to mention any 

other problems they faced while studying the Cell Division topic. The results are shown in 

Table 4.12 above. Only one issue was reported in response to this question, which was a lack 

of learning resources. The student, S31 explained that she was unable to purchase a reference 

book for her studies during the pandemic. Meanwhile, the remaining 96.77% students 

reported no additional problems. 

4.4.5.2  Teachers’ Views 

Table 4.13: Teachers’ Views on the Other Challenges in the Cell Division Topic 

Problem Reason/ Elaboration Sample excerpts 

Internet 

problem 

Internet coverage 

problem due to 

geographical area 

“…a student is living in Kota Bharu and the 

signal in that region is not strong enough, 

which makes the student can’t follow me in the 

online class” (Teacher C) 

Indefinite 

problem 

No other problems 

need to add-on 

“No… I think I had mentioned all the problems 

already” (Teacher B) 

Problem Reason Sample excerpts Frequency 

Lack of 

learning 

resources 

Cannot buy reference 

book due to pandemic  

“During this pandemic time 

there's no way to buy 

reference books...” (S31) 

3.23% 

Total  3.23% 

Indefinite 

problem 
No problem to add-on - 96.77% 

Total  96.77% 
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Table 4.13 continued 

 

No serious issues on 

students’ attitude 

“So far there are no serious issues such as the 

students’ attitude while learning this topic” 

(Teacher A) 

No problem as taught 

Cell Division topic 

before the online 

class started 

“Luckily for the Cell Division topic, I did teach 

them face to face before starting the online 

class” (Teacher A) 

Teachers were asked whether they had any additional problems related to learning 

the Cell Division topic that they wanted to mention in the interview. The results are shown 

in Table 4.13 above. Teacher C mentioned the internet problem, explaining that one of his 

students faced difficulty following the lessons in the online class due to poor internet 

coverage in the student’s geographical area. However, the remaining students did not have 

this issue. Other teachers reported no additional problems. Teacher A stated that she had no 

other issues because there were no serious problems with her students’ attitudes. She also 

mentioned that she was fortunate to have taught the Cell Division topic before online classes 

began. Teacher B also claimed that he had no other issues to add, as he had already 

mentioned all the problems. Overall, internet problem was identified as the additional 

problem in learning the Cell Division topic. 

4.4.5.3  Overall for Add-on Problems 

There are two other additional challenges related to Cell Division learning from other 

perspective, including lack of learning resources and internet problems. According to the 

results, one student found difficulties to access reference materials during the pandemic, and 

Teacher C mentioned a student who faced internet connectivity issues because of where they 

live. This highlights the necessity of providing students with the resources and infrastructure 
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they need for effective learning. However, these two learning challenges are not very 

significant, as each challenge was reported by only one participant. 

4.5 Summary of the Problems Faced by Students in Learning Cell Division Topic 

From Students’ V ews and Teachers’ V ews 

The problems faced by students in learning the Cell Division topic from students’ 

views and teachers’ views were merged and tabulated in Table 4.14 below. 

Table 4.14: Summary of the Learning Challenges in Cell Division Topic 

Perspectives Problems 

Cognitive perspective 

Hard to memorize the content 

Complex terminology 

The concept is hard to understand 

Misconceptions 

The topic is too abstract 

Motivational perspective 

Not interested in the learning content 

Lack of motivation due to the topic’s difficulty  

Students are passive in class 

Affective perspective 
Learning process is not enjoyable 

Have negative feelings towards the topic 

Social perspective 

Lack of social interaction in online class 

Feeling isolation when studying the topic 

Lack of opportunities for group learning 

Other 
Lack of learning resources 

Internet problem 

From the table 4.14 above, there is the most number of problems from the cognitive 

perspective, which is followed by the problems from the motivational and social perspective. 

The problems in cognitive perspective from the result are aligning with the previous studies 

which investigated the difficulties of learning Biology and Cell Division topic, such as 

memorization problem (Cimer, 2012; Hadiprayitno, 2019; Ozcan et al., 2014), including 
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foreign terms (Cimer, 2012; Kılıç et al., 2016; Ozcan et al., 2014), difficult to comprehend 

the concepts (Doğru and Özsevgeç, 2018), misconceptions (Dikmenli, 2010; Etobro & 

Fabinu, 2017; Murtonen et al., 2020;), and abstract topic (Agboghoroma & Oyovwi, 2015; 

Cimer, 2012; Etobro & Fabinu, 2017; Kılıç et al., 2016; Ozcan et al., 2014). 

From the motivational perspective, the students are not interested in the learning 

content, and being passive in class might be due to the teaching style of the teacher. As 

mentioned by Hadiprayitno (2019), the teacher-centred teaching method which depends 

largely on textbooks and didn’t connect the learning content with daily life would jeopardize 

the motivation of students and lose the students’ interest to learn. Same as well with Etobro 

and Fabinu (2017), who claimed that students tend to learn passively in the classroom due 

to the teacher-centred teaching method that does not consider the requirements of the 

students. Furthermore, the difficulty of the topic affects the students’ motivation was 

supported by Hadiprayitno (2019), who mentioned there will be a great negative impact on 

students’ motivation and achievement if the students experience difficulties in learning 

Biology. 

From the affective perspective, the students have negative feelings and do not enjoy 

the learning of Cell Division topic can be related to the teaching style of the teacher, which 

was supported by Teacher B in the interview. Also, according to the results from the students’ 

views, these problems stem from the difficulties associated with the topic, which may be 

related to cognitive issues such as memorization and comprehension challenges. This finding 

aligns with Lenhard and Lenhard (2013), who noted that cognitive, motivational, and 

emotional aspects of learning influence one another, often leading to negative outcomes 

when one area is affected. For example, when a student struggles to master the Cell Division 
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topic due to memorization or comprehension issues, their motivation to learn decreases, 

resulting in having negative feelings like anxiety or frustration during the learning process. 

From the social perspective, the challenges might be mainly caused by the 

implementation of the online class during the pandemic period. As mentioned by Teacher C 

in the interview, the online class did not allow students and teachers to gather in the 

classroom, which limited the opportunities for group activities and interaction among each 

other. Besides, based on S4 and S14, the students who participated in the preliminary study, 

they felt isolated because nobody can help them when they faced difficulties in learning. 

This isolation was likely intensified by the shift to online learning, which limited 

opportunities for students to ask questions in real time, engage in group work, or receive 

immediate feedback from teachers, which are particularly important when learning abstract 

and complex topics like Cell Division. 

There are two other problems in learning the Cell Division topic, which are the lack 

of learning resources and internet access. The lack of learning resources was claimed by S31 

who wished to buy reference books for her study. Meanwhile, the internet problem was 

mentioned by Teacher C where he had a student who has an internet coverage problem due 

to geographical area. However, these two learning challenges are not very significant, as 

each challenge was reported by only one participant. 

In sum, the problems faced by students in learning the Cell Division topic were 

mainly caused by cognitive challenges, which appeared most frequently compared to other 

perspectives. This is not surprising, as many past studies on Cell Division learning 

difficulties have also highlighted cognitive issues (Basri & Abdullah, 2020; Chattopadhyay, 

2012; Dikmenli, 2010; Kılıç et al., 2016; Murtonen et al., 2020; Özbudak & Özkan, 2014). 
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Motivational and affective problems also seem to come from similar causes, such as the 

teacher-centred approach and the difficulty of understanding the topic. In contrast, social 

challenges mainly came from the shift to online learning during the pandemic. Online 

learning likely made these problems worse, especially in terms of student interaction, 

motivation, and understanding. Without face-to-face teaching and hands-on activities, 

students had fewer chances to actively take part in lessons, making it harder for them to 

understand the topic and stay interested. As for the additional problems, such as lack of 

resources and internet issues, they were less significant since each was only mentioned by 

one participant. 

4.6 Strategies That Students and Teachers Think Can Help in Learning Cell 

Division Topic 

4.6.1 Students’ V ews 

Table 4.15: Students’ Strategies to Learn Cell Division Effectively 

Category Sub-category Reason Sample excerpts Frequency 

Games 

Video game 

More 

interesting and 

stimulates 

student’s 

visual and 

auditory 

senses 

“Prefer video games, because 

games use theoretical and 

practical applications-like vivid 

and colourful images and 

stimulating sound effects” 

(S23) 

1 

Any forms 

of games 

“Make some game about cell 

division to make interesting to 

learn about cell division” (S25) 

3 

Total  4 

Visual 

learning 

materials 

Animation 

Better 

visualization 

in learning 

“More animations” (S1) 1 

Picture “Learn using picture…” (S5) 1 
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Table 4.15 continued 

 Video  

“By watching video with the 

explanation of a Biology 

teacher” (S29) 

5 

Total  7 

Memory 

aids 

Flash card 

To aid 

memorization 

“… flash cards to remain fresh 

in our memories.” (S13) 
2 

Note 

“I think have a short note can 

help me memorize easily” 

(S18) 

8 

Total  10 

Teaching 

style 

Teach in 

more 

interesting 

way 

 

Make learning 

process more 

fun 

“The bio teacher can teach with 

more interesting ways” (S19) 
2 

Student-

centred 

teaching 

style 

Teacher 

should focus 

on student’s 

learning 

progress 

“Teachers should focus on 

whether each student 

understands the subject or not, 

and let the students understand 

the subject at the slowest speed 

during the lecture” (S14) 

1 

More 

interactive 

More 

interaction in 

the learning 

process 

“More interaction” (S10) 1 

Total  4 

Student 

effort 

Reading 
Students 

should make 

their own 

effort in their 

study 

“Read more…” (S2) 1 

Tuition “Tuition” (S3) 1 

Self-study “Study by self” (S12) 1 

Study hard “Study hard” (S21) 2 

Total  5 
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Note. The cumulative number is bigger than the number of the participants in the study 

because the participants can report more than one answer. 

Table 4.15 shows the strategies and suggestions that students think can help them in 

learning the Cell Division topic. The data are divided into five categories, which are games, 

visual learning materials, memory aids, student effort, and others. First, three students 

suggested the usage of games in learning Cell Division topic with the reasons that they think 

using games is a more interesting way in learning and can stimulate their visual and auditory 

perceptions. Next, seven students recommended the usage of visual learning materials, such 

as animation, pictures, and video. Most of the students suggested the usage of memory aids, 

such as flashcards and notes to simplify the information and organize them into main points 

for easier memorization, instead of reading the long explanation in the textbook. 

Furthermore, some students gave the suggestions that are more on the student effort on the 

study, like reading, tuition, self-study, and studying hard. For the other strategies or 

suggestions, there was a student who like to have physical class as earlier as possible to study 

face to face in school. Last, three students did not provide any strategies. 

Table 4.15 continued 

Other 
Physical 

class 

Resuming 

physical 

classes in 

school  

“I think physical class should 

be open as soon as possible” 

(S16) 

1 

Total  1 

No 

strategy 
- - - 3 

Total    3 
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4.6.2 Teachers’ V ews 

Table 4.16: Teachers’ Strategies to Teach Cell Division Effectively 

Category Sub-category Reason Sample excerpts 

Collaborative 

realia 

Using 

plasticine 

To promote 

visualization 

and active 

learning of 

students 

“I did activities like learning mitosis 

and meiosis by using plasticine” 

(Teacher B) 

Flipped 

classroom 

“I suggest using the flipped 

classroom, where to give videos to 

students through social media, allow 

them to imagine, to visualize the 

concept first before starting a topic” 

(Teacher B) 

Role-play 

“I think role-play is a good idea also. 

Role-play is like assigning the 

students into groups, and for each 

group, every group member will play 

a specific role…” (Teacher B) 

Jigsaw 

puzzle 

“… maybe can do the jigsaw puzzles, 

let the students arrange the pictures of 

the cell division stages” (Teacher B) 

Gallery 

walks 

“… do the gallery walk… let the 

students move, or have an animation 

for the students to imagine, it will be 

easier for them to learn” (Teacher B) 

Visual 

learning 

materials 

3D elements 

Demonstrate the 

concepts of cell 

division 

effectively 

“Maybe teaching through 3D 

elements… can show the concept of 

mitosis and meiosis process through 

videos with 3D” (Teacher C) 

Teaching 

tools for 

online class 

Visualizer 

Display learning 

materials during 

online class 

“I think teaching by visualizer is a 

good way also… can display and 

write things on the screen” (Teacher 

C) 

Games Mobile game 

More interesting 

and attractive 

for students 

nowadays 

“… that is more interesting for the 

students as students nowadays are 

more attracted to the mobile game” 

(Teacher A) 
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Table 4.16 continued 

   

“Yes, I love the idea of the mobile 

game… I like the RPG game genre, 

allowing the players to adventure… 

maybe can be like adventure inside 

the world of the chromosome” 

(Teacher B) 

“I really agree with the usage of 

mobile games in teaching…” 

(Teacher C) 

Table 4.16 presents the teachers’ strategies or suggestions that would help them teach 

the Cell Division topic. 

First, Teacher B provided several suggestions for collaborative learning using 

teaching aids. He shared his experiences with group activities in class that encourage student 

interaction, such as using plasticine to help students arrange the stages of mitosis and meiosis. 

Additionally, Teacher B recommended the flipped classroom approach, where videos are 

shared with students through social media. He also proposed role-playing activities, where 

students are assigned into groups to act out chromosome behaviours during the cell division 

process, allowing them to experience it firsthand. Lastly, Teacher B suggested using jigsaw 

puzzles and gallery walks, emphasizing the importance of visualization and physical 

movement to facilitate easier learning. 

For Teacher C, he suggested for incorporating more 3D elements in teaching, such 

as 3D videos that visually represent the concepts of mitosis and meiosis, making the learning 

experience more engaging and attractive. In terms of online learning, Teacher C shared his 

experience of using a visualizer during online classes, which enabled him to display learning 

materials effectively in a virtual environment. 
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As this study aims to develop an mGBL system for students to learn the Cell Division 

topic, the teachers were asked about their thoughts on learning through mobile games. All 

teachers strongly agreed with the idea, citing that students today are more familiar with 

technology and find learning through mobile games to be both interesting and engaging. 

Teacher B also offered suggestions for the design of the mGBL application, recommending 

an RPG game genre like an adventure game, incorporating gamification mechanics such as 

points, experience points, and levels, as well as quizzes that allow students to solve problems 

related to the Cell Division topic. 

4.6.3 Overall 

The strategies or suggestions from both students’ and teachers’ views, were 

consolidated and presented in Table 4.17 below. 

Table 4.17: Summary of the Strategies to Learn Cell Division Topic 

Category Sub-category 

Games 

Video game 

Mobile game 

Any form of games 

Visual learning materials 

Animation 

Picture  

Video 

3D elements 

Memory aids 
Flash card 

Note 

Teaching style 

Teach in a more interesting and fun way 

Student-centered teaching style 

More interactive 

Student effort 
Reading 

Tuition 
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Table 4.17 continued 

 
Self-study 

Study hard 

Collaborative realia 

Using plasticine 

Flipped classroom 

Role-play 

Jigsaw puzzle 

Gallery walks 

Teaching tools for online class Visualizer 

Others Physical class 

According to the results, both teachers and students suggested using games as an 

effective learning method, as they create a more engaging and enjoyable experience for 

students. This finding aligns with the current trend in science education, where digital games 

are increasingly favoured for teaching science concepts (Li & Tsai, 2013). Additionally, both 

groups suggested for the use of visual learning materials, which was supported by Basri and 

Abdullah (2020), who highlighted the importance of visualization techniques in helping 

students understand abstract genetic concepts. To manage the overwhelming amount of 

detailed information in the curriculum, students recommended using memory aids to help 

them organize the material more effectively (Cimer, 2012; Ozcan et al., 2014). 

The findings suggest that improving teaching styles and encouraging student efforts 

can significantly enhance the learning process. This observation aligns with the findings of 

Cimer (2012), which identified teaching styles and student involvement as critical factors 

affecting the difficulty of learning Biology. Furthermore, teachers recommended 

incorporating collaborative realia into lessons to enhance student learning. This suggestion 

aligns with Salleh and colleagues (2021), who emphasized the need for creative teaching 

methods and aids to make learning enjoyable and to improve students’ understanding of 
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Biology. In the online learning context, teachers proposed using tools like visualizers to 

bridge the gap between students and teachers during the pandemic. Lastly, students 

expressed a desire to return to face-to-face classes after the pandemic. 

Overall, these strategies and suggestions provide valuable insights for the educators 

and researchers looking to enhance the learning experience of the Cell Division topic. The 

results indicate that both students and teachers agree with games, particularly mobile games, 

as effective tools for learning this subject, making mGBL a relevant approach to addressing 

learning challenges in Cell Division topic. Some suggestions from the results, such as the 

implementation of games (RPG game, as suggested by Teacher B), visual learning materials 

(animation, picture, video, and 3D elements) and memory aids (flash card and note), could 

serve as references for the researcher in designing the mGBL application. 

4.7 Chapter Summary 

In summary, this chapter discussed the findings of the preliminary study. The 

preliminary study revealed several learning challenges from different perspectives, including 

cognitive, motivational, affective, social, and others, according to both students and teachers. 

Cognitive challenges stood out the most, as students had difficulties memorizing content, 

distinguishing between similar terms, and understanding abstract concepts. Furthermore, 

both students and teachers proposed strategies to enhance learning about the Cell Division 

topic, such as incorporating games, using visual learning materials, providing memory aids, 

and implementing collaborative learning methods. Although that the preliminary study was 

conducted during the pandemic period, but the findings still could be a helpful reference for 

the current face-to-face class setting. 
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CHAPTER 5  
 

 

SYSTEM DESIGN AND DEVELOPMENT 

5.1 Overview 

In this study, an mGBL application called Cell% was developed to assist students in 

learning the Cell Division topic, which is Chapter 6 of the Form 4 Biology textbook (Gan et 

al., 2019). This topic was chosen due to numerous studies reporting that Cell Division poses 

significant challenges in Biology (Agboghoroma & Oyovwi, 2015; Cimer, 2012; Doğru & 

Özsevgeç, 2018; Fauzi & Mitalistiaini, 2018; Hadiprayitno et al., 2019; Salleh et al., 2021). 

Cell% primarily aims to address the difficulties encountered by students in learning the Cell 

Division topic from both students’ and Biology teachers’ views, thereby enhancing students’ 

learning of the topic.  

The development of Cell% followed the mGBL Engineering Model proposed by 

Shiratuddin and Zaibon (2011). This model served as the development process, guiding the 

project through three iterative stages, which are pre-production, production, and post-

production. Each stage integrates activities such as requirement analysis, learning content 

design, prototyping, evaluation, and deployment, making it suitable for developing mobile 

game-based learning applications. The development of Cell% is discussed in terms of Pre-

production, Production, and Post-production, based on the model. 

5.2 Pre-production 

5.2.1  Requirement Analysis & Planning 

The requirements analysis has been conducted through a literature review (Please 

refer to the Chapter 2) and a preliminary study (Please refer to the findings from Chapter 4). 
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In general, the literature review reveals that Cell Division is one of the most difficult topics 

in Biology, and a solution should be implemented to enhance students’ learning of that topic. 

This finding is further supported by the preliminary study, which indicates that both students 

and teachers face learning challenges from cognitive, motivational, affective, social and 

other perspectives in Cell Division topic. In particular, the findings highlighted issues such 

as difficulty in memorizing stages, misconceptions, confusion with similar terms, and 

reduced motivation, especially in an online learning environment with limited face-to-face 

interaction and practical activities. These specific challenges formed the foundation for 

defining the game’s learning objectives, ensuring that Cell% would directly target the actual 

problems faced by students. 

Among the strategies and suggestions provided by the teachers and students who 

participated in the preliminary study, mobile game emerges as one of the most effective 

solutions for better learning or teaching of the Cell Division chapter. Hence, it is concluded 

that Cell %, the mGBL application designed to learn Cell Division topic, was relevant to 

meet the requirements of both teachers and students. To create a problem-based environment 

and foster competition among peers, Cell% was designed in RPG game genre and built with 

an online gaming setting. This allows players to learn through solving puzzles and compete 

with others through online leaderboards. 

5.2.2  Learning Content Design 

The learning content in Cell% is based on the Cell Division topic, specifically 

Chapter 6 in the Form 4 Biology textbook. The content of Cell% focuses solely on the phases 

of Mitosis, Meiosis I, and Meiosis II, which correspond to subchapters 6.2 (Mitosis) and 6.3 

(Meiosis). Two language versions, English and Malay, were prepared for the learning 
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content of Cell% to accommodate Biology teachers from different schools who use different 

languages to teach the subject.  

The learning content comes in two formats, which are notes and quiz questions. The 

notes provide detailed information and visuals about cell division phases and are embedded 

within the game levels of Cell% to facilitate knowledge acquisition for players. Meanwhile, 

quiz questions are integrated into the quiz game of Cell% to examine players’ understanding 

of the learning content presented in the notes while playing the game. 

5.2.3  Game Features Design 

In general, the game features and the design of Cell% were based on the Flow 

Framework for Educational Games design framework (Kiili et al., 2014) and embedded with 

learning theories as well. The game features were designed specifically in dealing with the 

difficulties faced by teachers and students in learning or teaching Cell Division chapter. 

5.2.3.1 Game Genre and Setting 

Cell% adopts an RPG genre, embedding a storyline that offers contextual 

information for learning and gameplay, as suggested by Teacher B in the preliminary study. 

Players become adventurers in the Cell% world, exploring and uncovering its entire map. 

The map guides players to diverse locations such as Mitosis Forest, Meiosis I Desert, and 

Meiosis II Snowland, each covering specific learning content related to the Cell Division 

subtopic. Various cells, including Prophase Cell, Metaphase Cell, and the others, are situated 

in different locations, with each representing a phase in the cell division process. Each 

location serves as a game level, encompassing the learning content of a particular cell phase 

in the division process. 
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5.2.3.2 Game Play 

To complete a game level, players must fulfil four distinct quests from different quest 

givers. After completed all quests, the players need to go to the portal to pass the game level. 

The flow of the gameplay is as shown in Figure 5.1. 

 

Figure 5.1: The Quest Givers and Their Quests in a Game Level of Cell% 

 

i. Quest 1: Collect Scrolls 

At the beginning, players seek out the Collector to accept the first quest, which is 

collecting all scrolls within the game level. Successfully collecting a scroll requires players 

to locate and approach it, then read the note contained within (Figure 5.2). This note provides 

essential learning content about the cell division phase, followed by a simple quiz that must 

be answered correctly to successfully collect the scroll as shown in Figure 5.3. Failure 

prompts players to revise the note and retry the quiz again to ensure they really read and 

understood the note content. 
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Figure 5.2: The Note in the Scroll 

 

 

Figure 5.3: The Quiz in the Scroll 

 

ii. Quest 2: Get Prophecy 

After collecting all scrolls, players proceed to the second quest, meeting the Oracle 

to receive the prophecy. The prophecy comprises a video illustrates the cell division phase 

through 3D animation, as shown in Figure 5.4. Completion of this quest entails watching the 

entire video, which typically takes about 30 seconds. 
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Figure 5.4: Animation Video About Mitosis Prophase in the Prophecy 

 

iii. Quest 3: Complete Drawing 

The subsequent quest involves assisting the Artist in completing a drawing, presented 

as a drag-and-drop puzzle game. The puzzle game begins with a picture of a cell in a cell 

division phase, and players must memorize it within a time limit, as shown in Figure 5.5. 

Afterward, they must correctly place all cell components to the cell within a time limit 

(Figure 5.6). Failure prompts players to retry the puzzle game. 

 

Figure 5.5: Cell Picture in Memorization Section  
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Figure 5.6: Drag and Drop the Cell Components to the Correct Places 

 

iv. Quest 4: Catch the Cell 

The final quest asks players to capture the cell by battling it in the quiz game (Figure 

5.7). Players must answer questions about the cell division phase within a time limit. Correct 

answers allow players to attack the cell, scoring points and reducing its health, while 

incorrect answers result in a counterattack, lowering both score and health. To win, players 

must deplete the cell’s health within the time limit. Failure prompts a retry. 

 

Figure 5.7: The Quiz Game in Catch the Cell 
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v. Portal 

Upon completing all quests, players proceed to the portal to finish the game level. A 

results panel will pop out and display the points and stars earned by the players in the game 

level (Figure 5.8). Stars are awarded based on the percentage of maximum points achieved. 

After that, the players will unlock and continue to the next game level, which becomes more 

challenging. This process repeats until the players complete all game levels and discover all 

locations in Cell% world. 

 

Figure 5.8: The Result Panel After Completed a Game Level 

 

5.2.3.3 Game Features 

Cell% was embedded with various features including Profile, Map, Collections, Clan, 

Leaderboard, Forum, and Supervise (please refer to Appendix I for the screenshots).  

i. Profile 

The Profile enables players to manage their information, featuring Personal Info, 

Badges, and Avatar sections. Personal Info allows players to view or modify their 

information, while Badges showcase earned achievements. Avatar enables players to 
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customize their in-game appearance. This section is crucial for fostering a sense of identity 

within the virtual gaming environment. 

ii. Map 

In the Map, the players can choose the game level they want to play. Four themes, 

namely Starter Village, Mitosis Forest, Meiosis I Desert, and Meiosis II Snowland, are 

available in the Map, and each theme covers specific learning content related to Cell Division. 

Except for Starter Village that has only a tutorial level, each theme comprises four game 

levels such as Prophase level, Metaphase level, Anaphase level, and Telophase level. At the 

beginning, all levels are locked except the tutorial, and players need to pass levels to unlock 

the next ones.  

iii. Collections 

The Collections allow players to review learning content from unlocked levels. By 

selecting a game level, players can revisit notes from Scroll, videos from Prophecy, and cell 

pictures from Drawing. This feature facilitates learning by enabling players to recap what 

they’ve learned from the game.  

iv. Clan 

Clan is a game feature that allows players to form a group, or “clan”, with a maximum 

of three members, enabling collaboration to compete with the other clans. Within the Clan 

feature, players can view their clan status, join other clans, and even create their own for 

others to join. 
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v. Leaderboard 

The Leaderboard is where players can view their ranking in Cell%. The game has 

both player ranking and clan ranking, which display the scores of players and clans 

respectively, to foster a competitive environment. Additionally, players can view the 

rankings based on school. 

vi. Forum 

The Forum is where players can engage in discussions, such as asking questions 

about Cell Division topics or seeking help to pass game levels. Additionally, teachers can 

contribute by answering students’ questions, thereby enhancing interaction between teachers 

and students. The Forum consists of Post and Create Post sections. In the Post section, 

players can view posts and respond to questions by commenting on the post. In the Create 

Post section, players can make a post by selecting the category and providing the content. 

vii. Supervise 

The Supervise feature is accessible only to teacher accounts. It enables teachers to 

view their students’ progress and detailed information in the game. Teachers can monitor 

student progress by accessing the student list and selecting individual students for more 

detailed information. 

5.2.3.4 Game Mechanics 

Seven game mechanics are applied in the design of Cell%, including dashboard, 

score, levels, experience, badges, leaderboard, and avatar. Descriptions of the game 

mechanics are provided in Table 5.1 below: 
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Table 5.1: Game Mechanics and Their Descriptions in Cell% 

Game mechanic Description 

Dashboard 
The dashboard serves as a central hub or interface where players 

can access various game features such as Profile, Map, and others. 

Score 

Game scores are calculated for each game level, with stars awarded 

based on the percentage of maximum points achieved. Achieving 

less than 80% earns one star, while scoring at least 80% earns two 

stars. To earn all three stars, players must achieve at least 90% of 

the maximum points. Player scores are saved and used to calculate 

rankings in the leaderboard. 

Levels  

 

There are two types of levels, which are game level and player level. 

In game levels, each one represents a subtopic of Cell Division, 

collectively covering the entire topic. These game levels are 

designed with increasing difficulty to challenge players. As for 

player levels, players can advance by gaining experience points. 

This levelling system aims to keep players engaged with Cell% over 

the long term. 

Experience  

Players gain experience points for each attempt at a game level, 

regardless of success. These points contribute to levelling up the 

player’s level. 

Badges 

Players earn badges as rewards upon completing specific game 

levels or meeting certain requirements. Cell% offers a total of 11 

badges, including Fresh Graduate, Mitosis Master, Meiosis I 

Expert, Meiosis II Genius, Cell Division Champion, Top 

Adventurer, Top Adventurer (School), Top Clan, Top Clan 

(School), Curious Philosopher, and Good Samaritan. 

Leaderboard 

The leaderboard displays the rankings of players and clans based on 

their game scores. The leaderboard encourages players to improve 

and engage in friendly competition.  

Avatar 

 

Avatar is the virtual representation of players to interact with 

Cell%. This mechanic enhances player immersion and motivation 

by allowing them to connect with their in-game character. In Cell%, 

players can choose their profile picture and 3D avatar for gameplay. 

 

5.2.4  Design Framework 

Flow Framework for Educational Games proposed by Kiili and colleagues (2014) is 

adapted as the design framework of Cell% because it covers the design aspects of GBL from 

different perspectives such as cognitive perspective and sociocultural perspective. The 



 

122 

 

dimensions of the flow framework that contributed to the design aspect, which are the flow 

antecedents and mind lenses were discussed with the corresponding learning theories and 

game or design features of the Cell%. 

5.2.4.1 Flow Antecedents 

The flow antecedents, which are the clear goal, feedback, playability, challenge, and 

sense of control are responsible to induce the flow experience of the players during gameplay 

based on the flow theory. The flow is taken into account in the design of educational games 

to provide a pleasant experience and engage the players during gameplay. 

i. Clear Goal 

As mentioned by Kiili and colleagues (2014), it is a good idea to split the main goal 

of a game into the main goal and multiple subgoals. For our case, we divided the goals of 

the Cell% into main goals and subgoals, where each of them contains learning gameplay 

goals and learning goals. Gameplay goal refers to the objective of the task in gameplay 

context, such as how to complete a game task or win a game level. For learning goal, it refers 

to the learning objective, such as what knowledge would be obtained after playing the game-

based learning application. 

For the main goals of the Cell%, the main goal in the gameplay is for the players to 

discover the whole map in the game by unlocking all the game levels. Meanwhile, the main 

learning goal is for the players to learn and master the whole chapter of Cell Division. As 

the map itself is the metaphor of the player’s learning progress, so unlocking all game levels 

means the players learned the whole learning content of the Cell Division topic. 
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For subgoals of Cell%, the subgoals of the gameplay are completing the quests given 

by the quest givers in each level. On the other hand, each game level corresponds to the 

subtopic of the Cell Division chapter, which are the subgoals in learning.  

ii. Feedback 

In general, Cell% will show the progress of a player toward the main gameplay goal 

by having a map that reveals the player’s discovered locations. Besides that, the player’s 

own information such as player’s level, experience point, badges, and the other are shown 

in the profile tab. For immediate feedback, the feedback for the correctness of players’ 

responses in the game will be implemented. As an example, during playing quiz game at a 

game level, there will be signals in visuals and sounds to indicate to the players whether 

chose the right answer or not (Figure 5.9). The game also enables the players to try and errors 

in gameplay, so that the players can do reflections on mistakes and try other solutions until 

directed to the right answer, which resulted in the development of players’ mental model 

(Kiili et al., 2014). 

 

Figure 5.9: Feedback to Indicate Correctness of Answer in Quiz Game 
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iii. Playability 

Generally, playability antecedent is to ensure the enjoyment of players during 

gameplay. Hence, Cell% is set with the RPG genre, which includes puzzle games and game 

mechanics as well. This strategy is to provide a fun gameplay experience while holding the 

concentration of the players in the learning process at the same time. Besides, Cell% uses 

the touch interaction technique commonly used in smartphones today to prevent jeopardizing 

playability due to confusion with complicated game controls. 

iv. Challenge 

Cell% is designed with game levels of increasing difficulty, where challenges are 

introduced through time limits and the complexity of completing quests during gameplay. 

The difficulty of the game levels increases in each map theme, as shown in Figure 5.10. For 

example, as players progress from level 1 to level 4, the map size increases and additional 

obstacles are implemented, making it harder to find scrolls. Additionally, the time limits for 

the puzzle and quiz games become shorter, adding further challenges for players. 
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Figure 5.10: The Difficulty of the Game Levels Increases in Each Map Theme 

 

To make sure the players have enough knowledge before starting a game level with 

new learning content, the next game levels are set in a locked state in default until the player 

has completed the current game level. Also, the social aspect of the Cell% such as forum 

and clan features can act as the support for the players to work together to complete the game 

tasks. These strategies are employed to fulfil the challenge-skill balance dimension in the 

extended three-channel model of flow proposed by Kiili and colleagues (2014). 

In addition, the design of challenges in Cell% was carefully aligned with CLT to 

prevent cognitive overload. The game gradually increases intrinsic load by expanding map 

size and adding obstacles, requiring players to apply knowledge gained in earlier levels. At 

the same time, extraneous load is reduced by keeping the interface simple and focusing only 

on essential tasks. The Drawing puzzle game promotes germane load by reducing the time 

and opacity of hints as levels progress, encouraging players to internalize knowledge instead 

of depending on cues. Similarly, in the Catch the Cell quiz game, the time allowed to answer 
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questions decreases at higher levels, promoting schema automation and faster recall. These 

scaffolding strategies ensure that challenges increase step by step, balancing difficulty with 

student capacity to keep players engaged without being overwhelmed. 

v. Sense of Control 

As mentioned in the description of the challenge antecedent, the Cell% is set in a 

challenge-skill balanced way. In other words, the gameplay of Cell% will not be too hard or 

too easy for the players, in which the learning content is based on the Cell Division chapter 

of the Form 4 Biology syllabus. Hence, the players supposedly will not be frustrated by 

getting stuck in a game level. Also, the game mechanics in the Cell% such as player’s level, 

badges, and the likes act as the motivator to keep the players continue to play until become 

an expert that fully mastered the Cell Division topic. 

5.2.4.2  Mind Lenses 

The mind lenses are responsible for linking the game features and interaction to the 

learning process. For our case, learning theories such as CLT, CTML, PBL, and 

collaborative learning are embedded in the mind lens dimensions to provide deeper insight 

into the design of Cell%. 

i. The Lens of the Sensing Mind 

To grab the attention of the players to focus on the relevant information, the design 

principles of CTML (Mayer, 2002a) such as signalling principle and modality principle were 

applied in the design of the Cell%. The signalling principle and the modality principle are 

incorporated with each other by signalling or clueing the crucial elements that appeared in 

the game interface (signalling principle) with audio-visual effect (modality principle). For 

instance, keyword such as ‘sister chromatids’ is highlighted in a contrasting colour in the 
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scroll notes, as shown in Figure 5.11. Additionally, images and sound effects respond to the 

player’s actions, providing feedback with visual and auditory cues during the quiz game to 

indicate whether the player’s answers are correct or incorrect (see Figure 5.9). 

 

Figure 5.11: Keyword Is Highlighted in Red Colour in Scroll Note 

 

ii. The Lens of the Processing Mind 

To utilize the working memory of the players for learning purposes while playing 

Cell%, both CLT and CTML were employed in the Cell% design. In terms of CLT, the 

extraneous cognitive load should be eliminated for learning effectiveness (de Araujo et al., 

2016). Hence, the design of Cell% implements essential game elements only and focuses 

more on learning context instead of gameplay to avoid unnecessary information (extraneous 

cognitive load) that will overload the players’ working memory. The elimination of 

extraneous cognitive load is supported by the design principles of CTML. Mayer (2010) 

suggested removing unnecessary information (coherence principle), highlighting important 

information (signalling principle), avoiding redundancy in written and spoken words 

(redundancy principle), and positioning words near the visuals (contiguity principle). The 

design of Cell% follows these suggestions. For instance, when players open the scrolls, 

gameplay elements such as the virtual joystick and maps are hidden to remove unnecessary 
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information. The notes in the scrolls appear in full screen to focus on the learning content. 

Keywords in the notes are highlighted in bold, and the note contents are supplemented with 

visuals and word labels to help players focus on the important information while learning. 

iii. The Lens of the Integrating Mind 

This mind lens emphasizes integrating information by linking it with prior 

knowledge. Therefore, the order of quests in each game level of Cell% was designed so that 

players first read the notes (Quest 1) and watch the video (Quest 2) for the learning process. 

Then, their knowledge will be examined through the puzzle game (Quest 3) and the quiz 

game (Quest 4). This sequence ensures that players have prior knowledge before attempting 

the next quest. Additionally, a game tutorial level is provided as the first game level to teach 

players how to play Cell%. These design features aim to build prior knowledge for the 

players before they start the game, facilitating their playing and learning process. 

Furthermore, since the learning content of Cell% is based on the Cell Division topic in the 

Form 4 Biology syllabus and features challenge-skill balanced game levels, the gameplay of 

Cell% is expected to increase players’ germane cognitive load, helping them process the 

knowledge of Cell Division into their long-term memory. 

iv. The Lens of the Relating Mind 

Cell% was developed as an online multiplayer game instead of a single-player game 

to allow social interaction among peers in the learning process. The forum and clan features 

were implemented based on the foundation of collaborative learning to maximize learning 

outcomes. The forum enables students to discuss various topics within the game, while the 

clan feature allows them to collaborate and form clans to achieve common goals, as 

supported by the study of Zhong (2019). Furthermore, Cell% encourages competition among 
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peers by incorporating a leaderboard. Additionally, game mechanics such as the player’s 

level and badges serve as indicators of social status within the game community. These 

design elements aim to motivate players to engage with Cell% actively. 

v. The Lens of the Transferring Mind 

As the transferring mind lens emphasizes the transfer of knowledge, PBL theory is 

applied to this concept. According to Hung (2013), PBL can facilitate the transfer of learning 

by creating an environment where knowledge acquisition, immediate application, and 

potential novel application occur simultaneously. Hence, Cell% is designed as an RPG and 

puzzle game, fostering the problem-solving abilities of players. This approach is supported 

by Khoo and colleagues (2005), who investigated how PBL occurred in multiplayer role-

playing games. Furthermore, the storyline of Cell%, where players embark on an adventure 

to catch all cells by discovering all game levels in the Cell% world, is highly related to the 

Cell Division topic syllabus. This storyline setting is intended to help students transfer the 

knowledge they acquire in the Cell% virtual environment to real-world contexts. 

5.2.4.3 Design for Sustained Engagement 

To maintain students’ interest and learning over a prolonged period, Cell% 

incorporates several gamification features designed for sustained engagement. While 

puzzles and quizzes are repeated across levels, their difficulty and time constraints increase 

progressively, ensuring that tasks remain challenging rather than monotonous. In addition, 

long-term motivational elements such as the clan system, leaderboard rankings, and badges 

encourage ongoing participation by fostering competition and collaboration among peers. 

The storyline progression and gradual unlocking of new maps also provide a sense of 

discovery, motivating students to return over weeks or months to complete the adventure. 
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These design choices align with Flow Theory, which emphasizes balancing challenge and 

skill, and with motivational principles of gamification that support both short-term 

excitement and long-term engagement. 

5.2.4.4 Instructional Design Framework and Theoretical Mapping 

Building on the flow antecedents and mind lenses discussed previously, this 

subsection summarizes how the underpinning learning theories were embedded into the 

design of Cell% through the Flow Framework for Educational Games. While the mGBL 

Engineering Model provided the development backbone, the Flow Framework for 

Educational Games (Kiili et al., 2014) functioned as the instructional design framework. It 

integrates both flow antecedents and mind lenses, providing a structure to align learning 

theories, namely CLT, CTML, PBL, Collaborative Learning, and Flow Theory, with the 

game features. 

Table 5.2 presents the mapping of the game features in Cell% with the underpinning 

theories and their corresponding Flow Framework for Educational Games components. 

Table 5.2: Mapping of Game Features in Cell% with Underpinning Theories and Flow 

Framework Components 

Design/ Game Feature Learning Theories Framework Component 

Highlighting keywords 
• CTML: Signalling principle 

• CLT: Reduces extraneous load 
• Sensing Mind 

Signals with 

multimodalities 

• CTML: Modality principle 

(audio + visuals) 

• CLT: Optimises working 

memory 

• Sensing Mind 

Positioning words near 

visuals 

• CTML: Spatial contiguity 

principle 

• CLT: Reduces extraneous load 

• Processing Mind 
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Table 5.2 continued 

Memorization games 

(Drawing, Scrolls) 

• CLT: Germane load for 

schema building 

• CTML: Interactivity 

• Integrating Mind 

Quiz games 

• CLT: Reinforcement and 

schema testing 

• CTML: Signalling and 

feedback 

• Integrating Mind 

3D videos 

• CTML: Modality and 

coherence principles 

• CLT: Reduces intrinsic load 

• Processing Mind 

Notes (scrolls) 

• CTML: Coherence and 

signalling principles 

• CLT: Reduces extraneous load 

• Processing Mind 

Game mechanics 

(points, badges, avatars, 

levels) 

• Flow Theory: Clear goals, 

feedback, sense of control 

• Flow Antecedents 

(Clear Goal, 

Feedback, Sense of 

Control) 

Challenge-skill 

balanced levels 

• Flow Theory: Challenge-skill 

balance 

• CLT: Manageable cognitive 

load 

• Flow Antecedents 

(Challenge) 

RPG & puzzle game 

genre 

• PBL: Problem-solving in 

context 

• Flow Theory: Playability and 

immersion 

• Transferring Mind 

• Flow Antecedents 

(Playability) 

Storyline (catching cells 

adventure) 

• PBL: Contextual problem-

solving 

• Flow Theory: Overarching 

goal 

• Transferring Mind 

• Flow Antecedents 

(Clear Goal) 

Forum 
• Collaborative Learning: Peer-

to-peer interaction 
• Relating Mind 

Clan feature 
• Collaborative Learning: 

Teamwork and shared goals 
• Relating Mind 

Leaderboard & 

competition 

• Flow Theory: Motivation 

through feedback 

• Collaborative Learning: Peer 

comparison 

• Relating Mind; Flow 

Antecedents 

(Feedback, Clear 

Goal) 
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5.2.5  Relationship Between Design Framework and Learning Challenges in Cell 

Division Topic 

The design framework of the Cell% is linked with the learning challenges faced by 

students in learning Cell Division topic from both students’ views and teachers’ views 

(please refer to Table 4.14) obtained from the preliminary study, as shown in Figure 5.12 

below. The lack of learning resources and internet problems from other perspectives are not 

included in the design plan because these challenges are not significant, as each issue was 

reported by only one participant in preliminary study. Additionally, the lack of learning 

resources due to unavailable to purchase reference books by S31 in preliminary study is not 

relevant to the design of the mGBL application. The internet problem was excluded from the 

design plan because online features such as leaderboards, clans, and forums are essential for 

addressing learning challenges from social perspective. 

In this section, we will discuss how the design or game features address with each of 

the learning challenge from each of the perspectives.  
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Figure 5.12: The Relationship Between Design Framework and Learning Challenges in 

Cell Division Topic 

 

5.2.5.1  Cognitive Perspective 

There are five learning challenges found from cognitive perspective, which are hard 

to memorize the content, complex terminology, the concept is hard to understand, 

misconceptions and the topic is too abstract. To deal with these problems, several design and 

game features have been implemented in Cell%. 

i. Hard to Memorize the Content 

To address students’ memorization challenges while learning the Cell Division topic, 

memorization game elements were incorporated into Cell%. One example is the puzzle game, 

Drawing, featured in Quest 3 of the game levels. In Drawing, players must memorize the 

cell structure in a cell division phase within a time limit before dragging and dropping the 

cell components (see Figure 5.5). This element is designed to enhance students’ ability to 

recall the cell structure during different phases of cell division.  
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Another example is Quest 1, where players collect all scrolls in a game level. When 

a player approaches a scroll, a note with learning content pops up. The player must read the 

note (see Figure 5.2) and then answer a quiz question (see Figure 5.3) about its content to 

ensure they have thoroughly memorized and understood the information.  

Overall, the implementation of these memorization game elements in Cell% aims to 

help students remember the learning content related to Cell Division in a fun and engaging 

environment, thereby facilitating their learning and memorization of the topic. From the 

context of CLT, the memorization game elements contribute to germane cognitive load in 

the students’ learning process, supporting schema construction by encouraging students to 

internalize and recall key information about cell division phases. 

ii. Complex Terminology 

To address the issue of complex terminology faced by students, foreign and complex 

terms were highlighted in red and bold text in the notes (see Figure 5.2). By emphasizing 

these keywords, players are more likely to focus on and understand these terms, aiding in 

their ability to distinguish them. This approach is supported by the signalling principle in 

CTML, which suggests that highlighting important information helps learners focus on and 

absorb crucial content more effectively by preventing cognitive overload, thus leading to 

better learning outcomes (Mayer, 2002a). To test whether players recognize and understand 

these complex terms, confusing terms such as “chromatin”, “chromatids”, “chromosome”, 

and “homologous chromosome” were included as answer options in the quiz games within 

Cell%. For example, the answer options in the quiz while collecting scrolls include confusing 

terms like “sister chromatins” and “sister chromatids” to assess players’ understanding of 

the learning content, as shown in Figure 5.13. 
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Figure 5.13: Quiz Game With Similar Terms As Answer Options 

 

iii. The Concept Is Hard to Understand 

To help students understand the learning content of the Cell Division topic more 

easily while playing Cell%, the interface and presentation of the learning content were 

carefully designed. First, the interface in Cell% highlights keyword and reduces unnecessary 

information. This approach facilitates the players’ working memory by directing their 

attention to important information through signalling, preventing cognitive overload. As a 

result, the game enhances their understanding of the learning content. This is supported by 

CLT, which suggests that learning effectiveness can be improved by reducing extraneous 

and intrinsic cognitive load, thus freeing up working memory to optimize germane load (de 

Araujo et al., 2016). By having appropriate presentations of information or media, 

extraneous cognitive load can be reduced, thereby improving learning (Chang et al., 2018). 

Additionally, the presentation of learning content in Cell% includes both text and 

visuals, with texts positioned near the visuals. This is supported by the CTML, which 

recommends that displaying texts and pictures together provides a richer learning experience 



 

136 

 

and fosters deeper understanding by facilitate the construction of referential links between 

the texts and pictures (Mayer, 2002a).  

For instance, the notes in Cell% are displayed in full screen and focus solely on the 

learning content without redundant information, thereby reducing extraneous cognitive load. 

Keywords are highlighted in red and bold, helping players to focus directly on useful 

information without confusion. Moreover, all learning content in the notes is accompanied 

by visuals, enabling students to understand the material better (please refer to Figure 5.2 for 

the interface of note).  

iv. Misconceptions 

The strategy to address students’ misconceptions while learning the Cell Division 

topic involves careful design of the interface and presentation of learning content in Cell%, 

based on CLT and CTML principles as mentioned in previous parts. Keywords are 

highlighted, and both text and visuals are used in the presentation of learning content. This 

approach helps players better understand and distinguish complex terms related to Cell 

Division topic. Additionally, each game level in Cell% corresponds to a subtopic of Cell 

Division, breaking down and categorizing the content by subchapter to prevent confusion. 

To address confusion regarding chromosome behaviours, the puzzle game 

“Drawing”, featured in Quest 3, requires players to drag and drop cell components such as 

chromosomes and spindle fibres into their correct positions. This activity reinforces their 

understanding of cell structure and chromosome behaviours through gameplay. To ensure 

players comprehend the learning content before moving to a new level, the quiz game “Catch 

the Cell” is featured in Quest 4 to test their knowledge of the content learned in the current 

level. Signals with multimodalities, such as visuals and sound effects, are implemented in 
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the quiz game to provide feedback, so players know whether their answers are correct or 

incorrect (see Figure 5.9). 

v. Abstract Nature of the Topic 

Several strategies were used to visualize the abstract concepts in the Cell Division 

topic. As mentioned previously, the presentation of learning content in Cell% includes both 

text and visuals to help convey and visualize the underlying concepts. Additionally, the drag-

and-drop puzzle game “Drawing” in Quest 3 allows players to interact with visuals of cell 

components, thereby reinforcing their understanding of cell structures during different cell 

division stages. This approach aligns with the Interactivity principle in CTML, which 

suggests that learners gain deeper understanding when they have control over the 

presentation rate (Mayer, 2002a). 

Furthermore, students tend to pay more attention and learn better with videos 

compared to traditional teaching methods (Baharudin et al., 2019). Therefore, the “Get the 

Prophecy” in Quest 2 provides 3D animation videos that significantly aid in visualizing 

chromosome activities in various cell division stages (see Figure 5.4). This is supported by 

Basri and Abdullah (2020), who claimed that visualizing abstract concepts can lead to 

meaningful learning and improve learners’ understanding in genetics. These videos not only 

offer visuals but also incorporate multimodalities, such as visual and audio elements, to 

enhance learning. This multimodal approach supports deeper understanding by engaging 

multiple sensory channels simultaneously. 
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5.2.5.2  Motivational Perspective 

There are three learning challenges found from motivational perspective, which are 

not interested in the learning content, lack of motivation due to the topic’s difficulty, and 

students are passive in class. To deal with these problems, several design and game features 

have been implemented in Cell%. 

i. Lack of Interest in the Learning Content 

To engage students who are not initially interested in the Cell Division topic, Cell% 

incorporates several strategies designed to make learning more interactive and enjoyable. 

The game uses various mechanics such as levels, badges, leaderboards, and avatars to 

motivate students. As noted by Ismail and colleagues (2018), the use of game mechanics in 

gamification can encourage learners’ extrinsic motivation. By turning learning into a game, 

students are more likely to engage with the content. Cell% rewards players with points, stars, 

and badges for completing levels and achieving high scores. This creates a sense of 

achievement and motivates students to keep playing and learning. Additionally, Cell% 

allows players to choose their own avatars and profile pictures, helping them feel more 

connected to the game. This personalization can increase their interest and motivation to 

engage with the learning content. 

Cell% also incorporates flow theory to enhance players’ motivation. By dividing the 

Cell Division topic into manageable subgoals and main goals, students experience a sense 

of accomplishment as they progress, maintaining their engagement. Clear goals and 

immediate feedback further support flow by providing specific objectives for each quest, 

such as collecting scrolls in Quest 1 or completing a drag and drop puzzle in Quest 3. Instant 

feedback, especially in the quiz game “Catch the Cell” (Quest 4), informs students whether 
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their answers are correct or incorrect, helping them learn and adjust in real-time (see Figure 

5.9). The various quests and interactive challenges in Cell% are designed to be so engaging 

that students may lose track of time while playing, a key indicator of being in a flow state 

where the activity becomes intrinsically rewarding. 

ii. Lack of Motivation Due to the Topic’s Difficulty 

To address students’ lack of motivation due to the difficulty of the Cell Division topic, 

Cell% employs several strategies aimed at making the learning process more engaging. The 

game breaks down the complex topic into smaller, manageable subtopics, with each game 

level representing a specific aspect of Cell Division topic. This approach helps students 

tackle the subject in stages, reducing the overwhelming feeling that can come with trying to 

learn a difficult topic all at once. Furthermore, the game rewards persistence and effort. By 

earning points, stars, badges, and unlocking new levels, students receive positive 

reinforcement for their hard work, which can be particularly motivating when dealing with 

difficult subjects. The sense of achievement from these rewards can boost their confidence 

and drive them to continue learning. Cell% also implemented elements of flow theory, where 

it ensures that the challenges presented are balanced with the players’ skill levels, as 

suggested by Kiili and colleagues (2014). Cell% is designed with game levels that gradually 

increase in difficulty. This ensures that the challenges match the players’ growing skills, 

preventing boredom from tasks that are too easy and frustration from tasks that are too hard. 

Further by providing clear goals and achievable tasks, students are more likely to experience 

a flow state, where they are fully immersed and engaged in the activity. 
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iii. Students’ Passivity in Class 

Cell% addresses the issue of students being passive in class by providing an 

interactive and engaging learning environment. By turning learning into a game like Cell%, 

students are encouraged to take an active role in their learning journey. This statement is 

supported by Kanyapasit and Srisawasdi (2014), who claimed that digital games can promote 

more meaningful learning and better student engagement compared to traditional teaching 

or learning methods. Furthermore, the game mechanics, such as quests, levels, and 

challenges, were implemented to foster active participation from the players to progress and 

succeed. This is supported by Ismail and colleagues (2018), where the use of game 

mechanics in gamification can encourage learners’ extrinsic motivation. Additionally, 

features like the forum and clan system promote collaboration and interaction among 

students, fostering a sense of community and encouraging them to engage with the learning 

material. By making learning more dynamic and participatory, Cell% aims to motivate 

passive students to become more active in their learning. 

5.2.5.3  Affective Perspective 

There are two learning challenges found from an affective perspective, which are the 

learning process is not enjoyable, and students have negative feelings towards the topic. To 

deal with these problems, several design and game features have been implemented in Cell%. 

i. Lack of Enjoyment in Learning Process 

Cell% incorporates several strategies designed to make learning more enjoyable. 

Basically, the strategies are the same with the previous strategies in promoting students’ 

motivation as discussed previously, which are employing gamification techniques to 

transform learning into an interactive and entertaining experience. Through quests, 
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challenges, and levels, students are encouraged to actively participate and progress through 

the content. Additionally, Cell% incorporates rewards such as points, stars, and badges to 

provide positive reinforcement and a sense of achievement as students advance in the game. 

Moreover, Cell% is designed within the RPG game genre that featuring an immersive 

storyline, where the players embark on an adventure to capture cells, creates a narrative 

context that merges the players’ actions with their learning goals. This immersive experience 

helps students lose themselves in the activity, promoting deeper engagement. Lastly, as Cell% 

itself is an mGBL application that allows the players to learn through playing, it is believe 

that the game can make the learning process more enjoyable. This is supported by 

Kongvitayanont and colleagues (2017), who noted that GBL attracts learners and makes the 

learning process enjoyable through gameplay. 

ii. Negative Feelings Toward the Topic 

To address with issue of students having negative feelings towards the Cell Division 

topic, Cell% integrates gamification elements such as quests, challenges, and rewards, with 

the aim to create a positive and motivating environment that can counteract negative 

perceptions of the topic. Additionally, Cell% incorporates immersive storytelling within the 

RPG game genre, providing students with a captivating narrative context for their learning 

journey. This narrative framework helps to contextualize the learning content within an 

exciting adventure, which may help to shift students’ attitudes towards the topic from 

negative to positive. Furthermore, Cell% also follows suggestion from Killi and colleagues 

(2014) by implementing elements of flow theory to ensure that the challenges presented are 

balanced with the players’ skill levels, thus preventing players from becoming frustrated 

with tasks that are too hard. 
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5.2.5.4  Social Perspective 

There are three learning challenges identified from a social perspective, which are 

lack of social interaction in online classes, feelings of isolation when studying the topic, and 

lack of opportunities for group learning. To address these issues, Cell% has implemented 

several design and game features. 

i. Lack of Social Interaction in Class 

Cell% addresses the lack of social interaction in classes primarily through its forum 

feature. This feature serves as a platform for students to engage in discussions, ask questions, 

and share insights related to the Cell Division topic. By facilitating peer-to-peer interaction, 

the forum encourages students to actively participate in the learning process and collaborate 

with their peers. Additionally, teachers can also participate in the forum, providing guidance, 

answering questions, and fostering a supportive learning community. Through the forum, 

students have the opportunity to connect with others, exchange ideas, and feel more engaged 

in their online learning experience. This social aspect of the game is supported by Chen and 

colleagues (2015b), who noted that collaboration features in digital GBL enable players to 

work together towards common goals. 

ii. Feeling of Isolation When Studying the Topic 

Cell% addresses the issue of students feeling isolated when studying the Cell 

Division topic by fostering a sense of community and collaboration among players. One way 

it achieves this is through the implementation of the clan feature. This feature allows players 

to form groups or “clans” with other students, creating a supportive environment where they 

can work together towards common goals. By joining a clan, students can connect with 

others, which resulted in reducing feelings of isolation and providing a sense of belonging. 
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Furthermore, Mohamad and colleagues (2017) claimed that the leaderboard showcases each 

player's rank for easy recognition and aims to enhance peer pressure, in which encouraging 

students to compete against one another. Hence, the leaderboard was featured in the game 

to encourage peer competition among students and clans, motivating them to strive to 

achieve high scores to promote their player’s ranking or clan’s ranking. Additionally, the 

forum feature provides a platform for students to interact with each other, ask questions, and 

share their experiences, further strengthening the sense of community within the game. 

iii. Lack of Opportunities for Group Learning 

Cell% addresses the lack of opportunities for group learning by incorporating the 

clan feature, which enables players to form groups and collaborate with each other. As 

mentioned by Zhong (2019), creating group or team setting allow learners collaborate and 

support one another to achieve optimal learning outcomes under the same goals. Hence, by 

implementing clans feature in the game, players can work together to complete quests, share 

strategies, and support each other in understanding the Cell Division topic. The clan feature 

encourages teamwork, as all clan members have the same goal, which is to work together to 

boost their clan’s ranking on the leaderboard.  

5.2.6  Mobile Interaction & Technical Analysis 

In Cell%, various interaction modes are designed to enhance gameplay and user 

engagement. The most common interaction is the tap, where players tap on the mobile screen 

to perform actions such as selecting options, clicking buttons, and triggering events. This 

straightforward interaction forms the backbone of the game’s functionality. 

Building on this, the drag & drop functionality is employed in the puzzle game. The 

users must drag the cell components and drop them into the correct position to win the puzzle 
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game (see Figure 5.6). Moreover, the pinch interaction is utilized in the note and puzzle 

sections of Cell%, allowing players to zoom in to examine the content of the notes or scrolls 

they collect in the game levels. Additionally, players can zoom in on the cell in the puzzle 

game for their convenience in dragging and dropping cell components into the correct 

position, as shown in Figure 5.14. 

 

Figure 5.14: Zoom in the Cell in Puzzle Game 

 

For locomotion in Cell%, virtual joystick, drag interaction, and buttons are utilized 

in the game levels, as shown in Figure 5.15. 

 

 

 

 

 

  

  

 

Figure 5.15: The Locomotion Tutorial Screen in Tutorial Level 
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To facilitate movement, the virtual joystick is implemented on the left side of the 

screen, enabling players to control movement. By touching and dragging their left thumb on 

this joystick, players can move the avatar in various directions. Also, the drag screen feature 

on the right side of the screen can rotate the camera or change the player’s viewpoint. When 

players touch and drag their right thumb across the screen, the camera rotates accordingly, 

offering different perspectives of the game world. Additionally, players can use the sprint 

and jump buttons located at the bottom right of the screen. These buttons enable players to 

perform actions such as sprinting or jumping by simply tapping or holding them. 

For technical analysis, it was planned to build Cell% as an Android application using 

Unity3D. This decision was made because Android is the most widely used operating system 

in mobile devices (Subscribed.fyi, 2024), and Unity is a versatile game engine capable of 

building games in various formats, including mobile applications in the Android format. 

5.2.7  Low-Fidelity Prototype 

Before proceeding to the production stage, a low-fidelity prototype was created using 

Figma (https://www.figma.com/file/xhLc4uu9yKBNTo6nANqgDa/Cell%?type=design 

&node-id=0-1&mode=design&t=qmeWuSRmHoKyyc5Y-0), as shown in Figure 5.16. The 

development of the Cell% used a heuristic evaluation strategy, where a low-fidelity 

prototype was assessed by three experts specializing in learning science, mobile systems, 

and user experience, from the Faculty of Cognitive Sciences and Human Development at the 

Universiti Malaysia Sarawak. Additionally, the learning content in Cell% was validated by 

domain experts, which are the Biology teachers who participated in the study. This 

evaluation process ensured that feedback from various fields was considered before 

proceeding with the development of Cell%. 

https://www.figma.com/file/xhLc4uu9yKBNTo6nANqgDa/Cell%25?type=design&node-id=0-1&mode=design&t=qmeWuSRmHoKyyc5Y-0
https://www.figma.com/file/xhLc4uu9yKBNTo6nANqgDa/Cell%25?type=design&node-id=0-1&mode=design&t=qmeWuSRmHoKyyc5Y-0
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Figure 5.16: The Screenshot of Low-Fidelity Prototype in Figma 

 

5.3 Production 

5.3.1  Learning Content Development 

The learning content was embedded in the scrolls (Quest 1) and quizzes (Quest 4) in 

the game level of Cell%, where different game level represents different phase of cell 

division and delivered different learning content corresponding to the game level. For 

example, when the player collects a scroll in mitosis’s prophase level, learning content about 

prophase in mitosis will be displayed for the player to read and understand it. After the player 

has done the reading, a simple quiz will appear for the player to answer. If the player answers 

correctly, then the player collects the scroll successfully, else the player needs to revise the 

scroll and do the quiz again. This is to make sure that the player understands the learning 

content thoroughly before they proceed with the next task. At the last quest of the game level, 

the player needs to do a final quiz to examine what they learned in the game level in order 

to pass a game level.  
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5.3.2  Game Assets Development 

Most of the game assets used in Cell% are downloaded from the Unity Asset Store 

website (https://assetstore.unity.com/). The 3D models and animations of the avatars in Cell% 

use free assets from the Mixamo website (https://www.mixamo.com/#/ ). The pictures of the 

cells used in Cell% utilize free visual resources for education from the EduPic Graphical 

Resource website (http://www.edupic.net/cells.htm). Finally, the videos used in Cell% to 

teach cell division phases are sourced from YouTube. 

5.3.3  Coding & Core Mechanics Development 

Cell% was developed using Unity and programmed in C#. The game was designed 

as an Android application, targeting API level 28 (Android 9.0 ‘Pie’) with a minimum API 

level of 22 (Android 5.1 ‘Lollipop’). Firebase Realtime Database was selected to support 

online functionality, enabling real-time data manipulation for immediate responses in an 

online environment. To ensure compatibility with most mobile phones and tablets, Cell% 

was optimized for 16:9 and 18:9 aspect ratios in landscape mode. The application requires 

300MB of memory. 

5.3.4  Game Features Integration 

As outlined in the game design section in this chapter, Cell% incorporates a variety 

of features designed to enhance the learning process and address the learning challenges 

identified in the preliminary study. These features were integrated into the game through 

coding in Unity. From interactive puzzles to engaging quizzes, each aspect of Cell% was 

carefully crafted to promote problem-solving, competition, and knowledge retention among 

players.  

https://assetstore.unity.com/
https://www.mixamo.com/#/
http://www.edupic.net/cells.htm
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5.3.5  High-Fidelity Prototype 

Before advancing to the post-production stage, the Cell% app underwent the 

evaluations by experts in learning science, mobile systems, and user experience from the 

Faculty of Cognitive Sciences and Human Development at the Universiti Malaysia Sarawak, 

as well as the Biology teachers who participated in the study. Additionally, pilot tests were 

conducted to test the functionality of Cell%. These measures ensure that Cell% functions 

properly and is ready for deployment without any issues. 

5.4 Post-production 

5.4.1  Game Deployment 

Cell% was published as an Android app on Google Play in open testing mode for the 

purpose of data collection for the study (https://play.google.com/store/apps/ 

details?id=com.SweatingOrangeProduction.CellDivisionApp).  

5.4.2  Playability, Usability & Mobility Testing 

The playability, usability, and mobility of Cell% were tested by the students and 

Biology teachers during data collection, by filling the Section B in mGBL Evaluation 

Instrument adapted from Zaibon & Shiratuddin’s instrument (2010), as described in the 

Methodology chapter (Chapter 3). 

5.4.3  Educational Testing 

Cell% was used by the students and Biology teachers from School X and School Y 

who are participating in the data collection process. The Section C in mGBL Evaluation 

Instrument was used to assess the effectiveness of Cell% in addressing the learning 

challenges in the Cell Division topic from both students’ and teachers’ views. Suggestions 

https://play.google.com/store/apps/details?id=com.SweatingOrangeProduction.CellDivisionApp
https://play.google.com/store/apps/details?id=com.SweatingOrangeProduction.CellDivisionApp
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and feedback from the participants were also gathered through this instrument to guide 

improvements to Cell%. 

The feedback from students and teachers during the intervention aimed not only to 

highlight the effectiveness of Cell% but also to guide its refinement. For example, if students 

indicated that certain text was too small, adjustments would be made to improve readability 

and usability. In addition, if participants encountered technical issues such as software bugs 

or glitches, these would be resolved to ensure smoother gameplay. These refinements would 

be guided directly by the results of the intervention, ensuring that gameplay, usability, and 

learning content of Cell% could be improved in response to authentic user feedback. 

5.4.4  Distribution 

After the study is completed, Cell% will be published in production status to 

distribute the game and make it easily accessible to a wide audience of players. 

5.5 Chapter Summary 

In summary, this chapter discussed the system design and development of the mGBL 

application, Cell%. Cell% is an Android mobile game in the RPG genre, where players are 

adventurers in a cell world, aiming to unlock all levels and complete the map. Various game 

mechanics, including points, experience, levels, and badges, were integrated into the 

gameplay. The game was designed using the Flow Framework for Educational Games, 

addressing learning from multiple perspectives. For development, Cell% followed the 

mGBL Engineering Model, progressing through pre-production, production, and post-

production stages with a heuristic evaluation approach. 
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CHAPTER 6  
 

EFFECTIVENESS OF MGBL APPLICATION IN ADDRESSING LEARNING 

CHALLENGES 

6.1 Overview 

A data collection was conducted to evaluate the playability of Cell% and the 

effectiveness of Cell% in addressing the learning challenges faced by students in the Cell 

Division topic, from both students’ and teachers’ views. The mGBL Evaluation Instrument 

was used to assess the Playability of Cell% in terms of Game Usability, Game Mobility, 

Gameplay, and Learning Content, as well as to evaluate the effectiveness of Cell% in 

addressing learning challenges in Cell Division through open-ended questions developed by 

the researcher. In this section, the demographic information, playability of Cell%, its 

effectiveness in addressing the learning challenges in Cell Division topic, and suggestion to 

improve Cell% will be presented. 

6.2 Demographic Information 

A total of forty-five participants from School X and School Y were involved in the 

study, including forty-two students and three teachers. The demographic information of the 

students and teachers is presented in the following section.  

6.2.1 Demographic Information of Students 

There were forty-two Form 4 Biology students have participated in the study, where 

twenty-eight students were from School X and fourteen students were from School Y. Their 

demographic details are as shown in Table 6.1.  
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Table 6.1: Demographic Information of Students 

Information Number of students 

School 

School X 28 

School Y 14 

Total 42 

Gender 

Male 29 

Female 13 

Total 42 

Age 
16 years old 42 

Total 42 

Race 

Malay 18 

Chinese 16 

India 7 

Bumiputera 1 

Total 42 

Before the intervention of the study was carried out, the researcher conducted a 

simple pre-survey during school visits by asking students whether they owned a mobile 

phone and what their phone’s operating system was. It was found that one student from 

School Y did not own a mobile phone. Among those who did, one student in School X used 

an iOS phone, another used a phone running HarmonyOS, and one student in School Y also 

used an iOS phone. The remaining students used Android phones. Students who did not have 

a mobile phone with Android operating system were asked to borrow an Android phone from 

their parents or siblings to participate in the study.  

Another question was asked to examine how many students play mobile games, and 

it was found that all students have experience in playing mobile games. 
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6.2.2 Demographic Information of Teachers 

Three teachers from two different schools in Perak, which are School X and School 

Y participated in the study. The summary of the teachers’ demographic information is 

manipulated in Table 6.2 below.  

Table 6.2: Demographic Information of Teachers 

Name of teacher School Working experience as a Biology teacher 

Teacher D 
School X  23 years (Form 4 & Form 5) 

Teacher E School Y 15 years (8 years for Form 4 & Form 5 + 7 years 

for Form 6) 

Teacher F School X 3 years (Form 4 & Form 5) 

 

6.3 Playability of Cell% 

In this section, the mean ratings for the Game Usability, Game Mobility, Gameplay, 

and Learning Content components were calculated by averaging the ratings from all 45 

participants, including both students and teachers. The results were presented using bar 

charts for data analysis. Then, the Playability of Cell% was determined by averaging the four 

components, and the findings were analysed and discussed in the report. 
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Figure 6.1: The Mean Values of the Four Dimensions of Cell% Playability 

 

Figure 6.1 illustrates the mean values of the four components of Cell% playability, 

which include Game Usability (GU), Mobility (MO), Game Play (GP), and Learning 

Content (LC). According to the chart, LC received the highest mean score of 4.59, indicating 

that users found the learning content in Cell% to be highly satisfactory. MO was the second-

highest rated dimension, with a mean score of 4.33, reflecting the ease of players to access 

the game world at anywhere by using mobile phones. GP scored 4.25, suggesting that the 

gameplay experience was also well-regarded. GU received a mean score of 4.16, which is 

still a good rating, although it was the lowest compared to the other dimensions. The lowest-

rated items in this category were those assessing the efficiency and visual appeal of the 

screen layout and the ability of the game to reduce memory load. In addition, some 

participants encountered minor technical issues such as bugs or glitches, which may have 

affected their perception of usability. These results suggest that while Cell% was generally 

usable, refinements to the interface design, smoother performance, and efforts to minimize 

unnecessary cognitive effort could further enhance the user experience. All four dimensions 

4.16 4.33 4.25
4.59

0.00

1.00

2.00

3.00

4.00
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achieved mean scores above 4.00, indicating that participants generally had positive 

perceptions of Cell%’s playability across various aspects.  

The playability of Cell% can be determined by calculating the average of the four 

components, as shown in Equation 3.1. Hence, the playability of Cell% was calculated as 

below: 

Cell%′s Playability =
𝐺𝑈 + 𝑀𝑂 + 𝐺𝑃 + 𝐿𝐶

4
=  

4.16 + 4.33 + 4.25 + 4.59

4
= 𝟒. 𝟑𝟑 

Based on Brace’s (2004) classification criteria (see Table 3.4), as suggested by 

Shiratuddin and Zaibon (2011), Cell% falls within the “highly high” category as it has 

playability score of 4.33, which is in between 4.21 and 5.00. This indicates that Cell% offers 

an exceptionally favourable playability experience for users across all assessed dimensions. 

In conclusion, Cell% fulfilled the research objective of the study, which was to design and 

develop an mGBL application with high playability. 

6.4 The Effectiveness of Cell% in Addressing Learning Challenges in Cell Division 

Topic 

In this section, the results of the effectiveness of Cell% in addressing learning 

challenges are presented based on the questions in Section C of the mGBL Evaluation 

Instrument, where each question represents a specific learning challenge faced by students. 

The results are presented from cognitive, motivational, affective and social perspectives. 

Finally, an overall discussion is provided to give an overview of Cell%’s effectiveness in 

addressing the learning challenges in Cell Division topic. 
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6.4.1 Data Coding and Tabulation 

Each question and its corresponding learning challenge is presented in two parts. The 

first part shows the tabulation of ratings from participants for the question, and the second 

part presents the reasons participants provided for their ratings. 

6.4.1.1  Tabulation of Ratings from Participants 

The data collected from the questions asking for ratings to evaluate the effectiveness 

of Cell% in addressing learning challenges were reviewed. First, the data were divided into 

student and teacher groups to enable comparison between the two groups for data analysis. 

Then, the frequency and the mean of the participants’ ratings was calculated. All data were 

displayed using a diverging stacked bar chart, which is the best way to visualize Likert scale 

data to understand how participants responded to the questionnaire (Bounthavong, 2019). 

Finally, the data were analysed and discussed in the report. 

6.4.1.2  Reasons Participants Provided for Their Ratings 

The data collected from the open-ended questions asking for reasons behind the 

participants’ ratings were reviewed. First, the data were categorized into positive, neutral, 

and negative feedback to facilitate analysis and interpretation, with each type of feedback 

corresponding to the rating given by the participant. For instance, if a participant rated 

Strongly Disagree (1) or Disagree (2), the response was classified as negative feedback; if 

the participant rated Neutral (3), the response was classified as neutral feedback; and if the 

participant rated Agree (4) or Strongly Agree (5), the response was classified as positive 

feedback. 
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After categorizing the data by feedback type, the responses were further classified 

into different reason categories, which were derived from recurring themes in the responses. 

Examples of reason categories are as follows: 

Conciseness of Notes: This category included responses that emphasized how 

detailed or simplified notes aided learning process. 

Visual Aids: This category included responses regarding the use of visual elements 

such as pictures and animations. 

Gamified Learning: Responses that are related to the use of games in the learning 

process was coded under this category. 

Clarity: Responses concerning the ease of understanding the content was coded 

under this category. 

To organize these qualitative data for data tabulation, the responses were divided into 

student and teacher groups to facilitate comparison in the data analysis. Feedback, reason 

categories, and their frequencies were then presented. Each reason category was 

accompanied by a sample quotation from a participant to provide insights and support their 

rating. All data were tabulated in tables to provide a clear overview of the reasons of 

participants gave for their ratings. Note that the total frequency of reasons is not equal to the 

total number of participants, because a participant could provide multiple reasons for their 

rating. Finally, the data were analysed and discussed into a report. 
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6.4.2 Cognitive Perspective 

6.4.2.1  Hard to Memorize the Content 

The effectiveness of Cell% in addressing the problem of “Hard to memorize the 

content” was evaluated by asking the question, “Do you think that playing Cell% can help 

students remember the learning content of the Cell Division topic more easily?” in the 

questionnaire. The results are presented below. 

 

Figure 6.2: Responses for Q1  

 

Figure 6.2 shows the responses of students and teachers on whether playing Cell% 

can help students remember the learning content of the Cell Division topic more easily. 

Among students, 54.76% agreed and 45.24% strongly agreed, resulting in a mean score of 

4.45. No students expressed negative or neutral views.  Teachers were divided as 66.67% 

agreed while 33.33% neutral, resulting in a mean score of 3.67. Overall, both groups found 

the game effective for memorization, with students showing stronger agreement. 

 

1 (33.33%) 2 (66.67%)

23 (54.76%) 19 (45.24%)

-20% 0% 20% 40% 60% 80% 100%

Teacher

Student

Q1: Do you think that playing Cell% can help 
students remember the learning content of the Cell 

Division topic more easily? 

Strongly Disagree (1) Disagree (2) Neutral (3) Agree (4) Strongly Agree (5)
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Table 6.3: Feedback for Q1 

Group Feedback Reason Sample Excerpts Frequency 

Student 
Positive 

Conciseness 

of Notes 

“Notes with highlighted keywords 

and pictures help understanding” 

(S18) 

18 

Clarity “Easy to understand topic” (S5) 9 

Gamified 

Learning 

“Game explains and then tests 

memory” (S38) 
9 

Visual Aids 
“Pictures help remember and 

understand” (S11) 
9 

Total 45 

Teacher 

Positive 
Gamified 

Learning 

“Game levels with corresponding 

cell division stages” (Teacher F) 
2 

Total 2 

Neutral 
Reinforcement 

Learning 

“The students have to play the game 

repeatedly to memorise the contents” 

(Teacher D) 

1 

Total 1 

Note. The total frequency of reasons is not equal to the total number of participants because 

a participant can give multiple reasons for their rating 

 

Table 6.3 presents feedback from students and teachers on whether playing Cell% 

can help students to remember the learning content of the Cell Division topic. 

From the students’ perspective, all feedback was positive (45 mentions), citing 

concise notes (18 mentions), clarity (9 mentions), visual aids (9 mentions), and gamified 

learning (9 mentions) as key factors. For instance, S18 appreciated the highlighted keywords 

in the notes, aligning with Mayer’s (2002a) CTML signalling principle, which emphasizes 

directing attention to critical information to reduce cognitive overload. Similarly, S5 found 

the clear and simplified content helpful for recall, as supported by CLT, which stresses 

minimizing cognitive load for effective learning (de Araujo et al., 2016). Visual aids, as 
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noted by S11, further reinforced retention through Mayer’s CTML principles, which connect 

visual and working memory (Heng & Said, 2020). The gamified learning also noted as a 

beneficial feature for memory, with S38 explaining that the game tests memory after 

explaining the content, reinforcing learning and retention. 

From the teachers’ perspective, feedback ranged from neutral to positive. Teacher F 

praised the game levels align with cell division stages, making the content easier for students 

to remember. In contrast, Teacher D provided neutral feedback and suggested that repeated 

gameplay might be necessary to achieve full retention. This feedback highlights the 

importance of refining the game mechanics to make repetition more effective and less 

tedious. For instance, varying quiz questions and introducing adaptive difficulty can help 

sustain engagement while maintaining an appropriate challenge–skill balance, as suggested 

in Flow Theory (Kiili et al., 2014). Similarly, incorporating spaced-repetition features could 

support schema automation and long-term retention, consistent with CLT (Sweller et al., 

2010). 

In summary, the feedback suggests that playing Cell% can help students remember 

the learning content of the Cell Division topic more easily, with concise notes, clarity, visual 

aids, and gamified learning being key factors. While students found the game beneficial for 

memorizing the learning content, one teacher raised the point that repetition might be 

necessary for full content retention. Overall, the positive response highlights the game’s 

effectiveness in helping students to memorize the learning content. 
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6.4.2.2  Complex Terminology 

The effectiveness of Cell% in addressing the problem of “Complex terminology” 

was evaluated by asking the question, “Do you think that playing Cell% can help students 

distinguish and understand the complex terms in the Cell Division topic?” in the 

questionnaire. The results are presented below. 

 

Figure 6.3: Responses for Q2 

 

Figure 6.3 shows the responses of students and teachers regarding whether playing 

Cell% helps students distinguish and understand complex terms in the Cell Division topic. 

Among students, 47.62% agreed and 47.62% strongly agreed, with only 4.76% being 

neutral, resulting in a mean score of 4.43. For teachers, 66.67% agreed and 33.33% strongly 

agreed, resulting in a mean score of 4.33. No teachers expressed negative or neutral views. 

Overall, both groups found the game effective in clarifying complex terms, with students 

showing slightly higher agreement. 
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Table 6.4: Feedback for Q2 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Highlighted 

Keywords 

“The highlighted keywords help me 

differentiate, memorize, and 

understand the terms used in the cell 

division process” (S22) 

19 

Clarity 
“Because the game explains it well” 

(S38) 
9 

Gamified 

Learning 

“It makes the terms look easier in 

gaming” (S15) 
6 

Visual Aids 

“Because the game gives notes, 

videos, and pictures to make the 

topics easier to understand” (S6) 

4 

Quiz 

“Putting almost similar looking or 

sounding terms on the answer is a 

good way to help students 

differentiate those terms” (S20) 

4 

Total 42 

Neutral 

Uncertain “Not sure” (S14) 1 

Partial 

Understanding 

“The keyword was helpful, but I'm 

still confuse with the terms” (S34) 
1 

Total 2 

Teacher 
Positive 

Highlighted 

Keywords 

“The highlighted keywords stated 

clearly” (Teacher E) 
1 

Pre-

Assessment 

Learning 

“The meaning of the terms are given 

earlier and tested in the game” 

(Teacher D) 

1 

Quiz 
“Quiz with similar terms” (Teacher 

F) 
1 

Total 3 

Note. The total frequency of reasons is not equal to the total number of participants because 

a participant can give multiple reasons for their rating 

 

Table 6.4 summarizes the feedback from both students and teachers on whether 

playing Cell% helps students distinguish and understand the complex terms in the Cell 

Division topic.  
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From the students’ perspective, the majority of feedback was positive (42 mentions), 

strongly suggesting that Cell% aids in distinguishing and understanding complex terms. The 

most common reason (19 mentions) was the use of highlighted keywords in the notes, which 

helped students remember and differentiate terms, as noted by S22. This reason aligns with 

the signalling principle in CTML, which suggests that highlighting key information can 

reduce cognitive overload and facilitate the learner’s working memory (Mayer, 2002a). 

Clarity of the content was the second most common reason (9 mentions), with students 

appreciating the game’s explanation of terms, as noted by S38. Gamified learning (6 

mentions) and visual aids (4 mentions) also stood out, as they made the terms more 

understandable, as noted by S15 and S6. These findings can be explained by the design of 

the notes in the game, where each picture was labelled with relevant terms, helping students 

link the picture with the term, thus easing their understanding. Additionally, the quiz feature 

(4 mentions) was valued for helping students practice distinguishing similar terms, as noted 

by S20. 

On the other hand, neutral feedback from students was limited. One student (S14) 

was unsure about the game’s effectiveness, while another student (S34) found the 

highlighted keywords helpful but still struggled to fully understand them. This suggests that 

while the game was generally helpful, a small number of students might still find the terms 

challenging. 

From the teachers’ perspective, the feedback was entirely positive. Teacher E 

highlighted the importance of the highlighted keywords in clarifying complex terms, while 

Teacher D appreciated the pre-assessment and quiz features. Teacher F valued the quiz for 

testing students on similar terms, aiding their understanding. 
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In summary, the feedback indicates that Cell% effectively helps students distinguish 

and understand complex terms in the Cell Division topic, with highlighted keywords, clarity, 

gamified learning, visual aids and the quiz feature being key factors. Although a few students 

expressed uncertainty or partial understanding, the overall positive feedback suggests the 

game is a useful tool. 

6.4.2.3  The Concept Is Hard to Understand 

The effectiveness of Cell% in addressing the problem of “The concept is hard to 

understand” was evaluated by asking the question, “Do you think that playing Cell% can 

help students understand the concept of Cell Division topic more easily?” in the 

questionnaire. The results are presented below. 

 

Figure 6.4: Responses for Q3 

 

Figure 6.4 shows the responses of students and teachers regarding whether playing 

Cell% aids in understanding the concept of Cell Division topic more easily. Among students, 

57.14% agreed and 40.48% strongly agreed, with only 2.38% neutral, resulting in a mean 

score of 4.38 and indicating general approval. For teachers, 100% agreed, with a mean score 

1 (2.38%)

3 (100.00%)

24 (57.14%) 17 (40.48%)
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of 4.00. Overall, both groups viewed the game as helpful for understanding Cell Division, 

with students expressing stronger agreement. 

Table 6.5: Feedback for Q3 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Visual Aids 
“The video helps the 

understanding cell” (S14) 
16 

Clarity 
“Because the content in the 

game is simple” (S25) 
9 

Gamified 

Learning 

“Because it's easy to understand 

via gaming” (S15) 
6 

Notes 

“Pictures and text in notes can 

help students understand the 

process of cell division” (S17) 

6 

Memory 

Retention 

“The game requires students to 

memorize the pictures and key 

words to pass each level” (S6) 

4 

Repetition 

“Because the game is repeated 

to remind about the content of 

cell division” (S29) 

2 

Practical 

Application 
“Apply to practice” (S31) 1 

Multimodal 

Learning 

“Students can easily understand 

through multiple methods of 

learning” (S22) 

1 

Total 45 

Neutral 
Partial 

Understanding 

“Because I can't understand a 

little bit of the concept” (S36) 
1 

Total 1 

Teacher 
Positive 

Clarity 
“The explanations are clear and 

understandable” (Teacher D) 
2 

Visual Aids  “… and videos” (Teacher F) 1 

Notes 
“Simple and easy notes…” 

(Teacher F) 
1 

Total 4 

Note. The total frequency of reasons is not equal to the total number of participants because 

a participant can give multiple reasons for their rating 
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Table 6.5 presents the feedback from both students and teachers on whether playing 

the game Cell% can help students understand the concept of Cell Division topic more easily.  

From the students’ perspective, the majority of feedback was positive (45 mentions), 

indicating that Cell% aids understanding of the topic. Visual aids were the most frequently 

cited reason (16 mentions), with S14 noting that the videos and images helped them grasp 

the cell division process. This finding aligns with a study conducted by Kalimuthu (2017), 

which found that animations can enhance learners’ understanding of meiosis. Students tend 

to pay more attention and learn better with videos compared to traditional teaching methods 

(Baharudin et al., 2019). Clarity of content (9 mentions) was another key factor, with S25 

appreciating how the game simplified complex concepts, as supported by Chang and 

colleagues (2018), who claimed that appropriate presentations of information or media can 

reduce extraneous cognitive load, thereby improving learning. Gamified learning (6 

mentions) also stood out, as the interactive game engaged students and made content more 

accessible, as stated by S15. This finding was supported by Mayer (2014), who mentioned 

that the highly visual nature of digital games reduces learners’ cognitive load by presenting 

content in multimedia form, allowing visual and verbal representations to be stored in 

working memory and linked to prior knowledge. Additionally, notes combining text and 

pictures were helpful for understanding (6 mentions), supported by the contiguity principle 

in CTML (Mayer, 2002a). Moreover, the game was seen as beneficial for memory retention 

(4 mentions), as students were required to memorize visual and textual information to 

progress through the levels, as mentioned by S6. 

Repetition, practical application, and multimodal learning were mentioned by fewer 

students but still reflect key aspects of the game. Repetition (2 mentions) reinforced learning, 
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as noted by S29. Practical application (1 mention) allowed S31 to apply their knowledge, 

and multimodal learning (1 mention) offered various ways to engage, as appreciated by S22. 

On the other hand, neutral feedback was minimal, with only one student (S36) indicating 

partial understanding. 

From the teachers’ perspective, feedback was entirely positive. Teacher D praised 

the clarity of explanations, while Teacher F highlighted the value of visual aids and notes in 

reinforcing content. 

In summary, the feedback suggests that playing Cell% effectively aids students’ 

understanding of Cell Division topic, with visual aids, clarity, gamified learning, note and 

memory retention being key factors. Despite a small fraction of students struggling, the 

overall feedback from both groups indicates the game is a valuable tool for learning the topic. 

6.4.2.4  Misconceptions 

The effectiveness of Cell% in addressing the problem of “Misconceptions” was 

evaluated by asking the question, “Do you think that playing Cell% can help prevent students 

from being confused when learning the Cell Division topic?” in the questionnaire. The 

results are presented below. 
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Figure 6.5: Responses for Q4  

 

Figure 6.5 shows the responses of students and teachers regarding on whether playing 

Cell% can help prevent confusion when learning the Cell Division topic. Among students, 

50% agreed and 38.10% strongly agreed, with 7.14% neutral and 4.76% disagreeing, 

resulting in a mean score of 4.21. This suggests that most students found the game effective 

in clarifying the material, though a few still experienced confusions. For teachers, all 

respondents (100%) agreed, with no strong agreements or disagreements, resulting in a mean 

score of 4.00. Overall, both groups generally agreed that Cell% helps prevent confusion, 

though a small portion of students felt it did not fully resolve their confusion. 

Table 6.6: Feedback for Q4 

Group Feedback Reason Sample Excerpts Frequency 

Student 
Positive 

 

Visual Aids 

“The pictures and videos show the 

process happening in the cell and help 

students compare each process easily” 

(S24) 

12 

Clarity 
“Because the explanation in the game 

is very clear” (S37) 
11 

2 (4.76%)

3 (7.14%)

3 (100.00%)

21 (50.00%) 16 (38.10%)
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Table 6.6 continued 

 

 

Game Level 

Design 

“The game explains the concepts one 

by one according to the level. Every 

level has different concepts” (S11) 

8 

Notes 

“There are free notes after each level 

completed to compare and 

differentiate each phase in cell 

division” (S6) 

7 

Feedback 

Mechanism 

“Because when I’m wrong, I can read 

the notes again and correct my 

mistake” (S1) 

2 

Total 40 

Negative 

Confusion 
“Sometimes it causes 

misunderstandings” (S14) 
1 

Insufficient 

Assessment 

“Not enough questions to show 

students the difference between topics 

like Mitosis vs. Meiosis I vs Meiosis 

II” (S20) 

1 

Total 2 

Neutral 
Confusion 

“Not really, because the words are 

almost similar, it’s not because of the 

game anyway” (S35) 

2 

Uncertain “Not sure” (S12) 1 

Total 3 

Teacher 
Positive 

Clarity 
“The comparisons are shown clearly” 

(Teacher E) 
1 

Game Level 

Design 

“The processes are given step by step 

based on game levels” (Teacher D) 
1 

Notes 
“There are notes in collection feature 

to do revision” (Teacher F) 
1 

Total 3 

Note. The total frequency of reasons is not equal to the total number of participants because 

a participant can give multiple reasons for their rating 
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Table 6.6 presents feedback from both students and teachers on whether playing the 

game Cell% can help prevent confusion when learning the Cell Division topic.  

From the students’ perspective, most feedback was positive (40 mentions). Visual 

aids (12 mentions) were the most cited, with students noting that the pictures and videos 

clarified the cell division processes. For example, S24 mentioned that visuals helped them 

compare stages more easily, thus reducing confusion. This statement aligns with Dikmenli 

(2010), who found that visual tools can eliminate misconceptions in learning cell division. 

Clarity (11 mentions) was another common reason, with S37 stating that clear explanations 

simplified complex concepts. The game’s level design (8 mentions) was also appreciated for 

explaining each concept step-by-step, as noted by S11. Other positive aspects included the 

availability of notes (7 mentions) to compare cell division phases, and the feedback 

mechanism (2 mentions), which helped students correct mistakes, as mentioned by S1. 

In contrast, there were a few negative responses (2 mentions). S14 expressed 

confusion (1 mention) about the game, and S20 highlighted insufficient assessment (1 

mention), noting that more questions were needed to differentiate between similar topics like 

mitosis and meiosis. These criticisms suggest areas for improvement. 

On the other hand, neutral feedback was minimal (3 mentions). Some students 

experienced confusion (2 mentions), with S35 noting that term similarities caused 

misunderstandings. S12 expressed uncertainty (1 mention) about whether the game reduced 

confusion. 

From the teachers’ perspective, all feedback was positive (3 mentions). Teachers 

praised the game’s clarity (1 mention), level design (1 mention), and the availability of notes 

(1 mention), with Teacher F noting that the collection feature helped students with revision. 
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These findings indicate that teachers believe the game effectively prevents confusion by 

organizing the learning material in a clear and structured way. 

In summary, the feedback suggests that Cell% is generally effective in preventing 

misconceptions in learning Cell Division, particularly through visual aids, clarity, and 

structured game level design. While a few students pointed out areas of confusion or a lack 

of assessment, the overall response indicates that the game successfully presents the content 

in a clear and organized manner. 

6.4.2.5  Abstract Nature of the Topic 

The effectiveness of Cell% in addressing the problem of “The topic is too abstract” 

was evaluated by asking the question, “Do you think that playing Cell% can help students 

learn the abstract topic of Cell Division better?” in the questionnaire. The results are 

presented below. 

 

Figure 6.6: Responses for Q5  

 

Figure 6.6 shows the responses of students and teachers regarding whether playing 

Cell% can help students learn the abstract topic of Cell Division better. Among students, 
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57.14% agreed and 42.86% strongly agreed, with no students neutral or disagreeing, 

resulting in a mean score of 4.43. This indicates a strong belief in the game's effectiveness. 

For teachers, all respondents (100%) agreed, resulting in a mean score of 4.00. Overall, both 

groups expressed a high level of agreement that Cell% helps students better grasp the 

abstract concept of cell division, with students showing slightly stronger support. 

Table 6.7: Feedback for Q5 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Visual Aids 

“Pictures and videos of cell 

division really help me visualize 

the process for each stage” (S22) 

19 

Clarity 
“Agree because it's easy to 

understand” (S8) 
12 

Gamified 

Learning 

“Playing the game allows students 

to quickly understand the general 

content and key points of the 

topic” (S9) 

6 

Notes 

“There are very detailed notes to 

help me answer the question” 

(S16) 

3 

Repetition 

“Because the game will help 

players review the topic again and 

again through video and games” 

(S5) 

2 

Memorization 

“Students can memorize the 

information while playing the 

game” (S36) 

2 

Total 44 

Teacher 
Positive 

Visual Aids 
“The diagrams and videos are very 

helpful” (Teacher D) 
2 

Clarity “Explained well” (Teacher E) 1 

Total 3 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 

 

Table 6.7 presents feedback from both students and teachers on whether playing the 

game Cell% can help students learn the abstract topic of Cell Division more effectively.  
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From the students’ perspective, all feedback was positive (44 mentions). Visual aids 

(19 mentions) were the most cited reason, with students noting that the pictures and videos 

helped them visualize the stages of cell division. S22 highlighted that these visuals made the 

abstract topic clearer. This statement aligns with Basri and Abdullah (2020), who found that 

visualizing abstract concepts enhances learning. Clarity (12 mentions) was another key 

factor, with S8 noting that the game’s clear explanations made the content easier to grasp, 

helping students master complex concepts. Students also appreciated the gamified learning 

aspect (6 mentions), with S9 noting that the game helped them quickly understand key points. 

Notes (3 mentions) were valued, with S16 mentioning that detailed notes reinforced their 

understanding. Repetition (2 mentions) allowed students to review the topic through 

gameplay, strengthening their knowledge, as noted by S5. Memorization (2 mentions) was 

also seen as a benefit, with S36 saying the game helped them memorize key cell division 

facts. 

From the teachers’ perspective, all feedback was similarly positive (3 mentions). 

Visual aids (2 mentions) were praised by Teacher D, who found the diagrams and videos 

helpful for conveying abstract concepts. Clarity (1 mention) was also appreciated by Teacher 

E, who noted that the game simplified complex topics effectively. 

In summary, the feedback suggests that Cell% is highly effective in helping students 

learn Cell Division topic. Visual aids, clarity, and gamified learning were key reasons for 

improved understanding, with both students and teachers agreeing on the game’s value in 

teaching abstract topics like cell division. 
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6.4.3 Motivational Perspective 

6.4.3.1  Lack of Interest in the Learning Content 

The effectiveness of Cell% in addressing the problem of “Not interested in the 

learning content” was evaluated by asking the question, “Do you think that playing Cell% 

can increase students’ interest on the learning content of Cell Division topic?” in the 

questionnaire. The results are presented below. 

 

Figure 6.7: Responses for Q6  

 

Figure 6.7 presents the responses of students and teachers regarding whether playing 

Cell% can increase students' interest in the learning content of the Cell Division topic. 

Among students, 45.24% strongly agreed and 40.48% agreed, with 7.14% neutral and 7.14% 

disagreeing, resulting in a mean score of 4.29. This suggests a strong positive impact on 

students’ interest. For teachers, 66.67% agreed and 33.33% were neutral, resulting in a mean 

score of 3.67. Overall, both groups felt that Cell% helps increase interest, though a Teacher 

Dnd a small portion of students did not find it as effective. 
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Table 6.8: Feedback for Q6 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Game 

Engagement 

“Being a game itself can encourage 

students to play and learn” (S22) 
27 

Competitiveness 
“Students can compete with their 

friends in the game” (S24) 
4 

Puzzle Game 

Elements 

“Yes, because the students get 

tasks or puzzles to solve” (S10) 
3 

Badges “Yes, badges are interesting” (S18) 2 

Mobile 

Learning 

Preference 

“Because students like learning 

with phones more than studying in 

class or using textbooks” (S41) 

2 

Visual Aids 
“The game explains the topic in 

animated way” (S6) 
1 

Total  39 

Negative 

Lack of Game 

Engagement 
“It's boring” (S13) 1 

Nature of Topic 

“No matter how fun the game is, 

this topic is still boring due to its 

nature…” (S20) 

1 

Technical Issues 
“The game is laggy and the camera 

sensitivity is too slow” (S35) 
1 

Total  3 

Neutral 
Lack of Game 

Engagement 

“In my experience, it doesn’t” 

(S14) 
1 

Total  1 

Teacher 

Positive 
Game 

Engagement 
“The game is fun” (Teacher E) 2 

Total  2 

Neutral Uncertain 

“Not sure, I think students should 

draw or make models to show the 

cell division processes to 

encourage them to learn” (Teacher 

D) 

1 

Total 1 

 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 
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Table 6.8 presents feedback from both students and teachers on whether playing the 

game Cell% can increase students' interest in the learning content of the Cell Division topic. 

From the students’ perspective, most feedback was positive (39 mentions). The main 

reason was game engagement (27 mentions), with students noting that the game’s format 

made learning more engaging than traditional methods. S22 highlighted that the game format 

enhanced their learning experience, aligning with studies showing the positive effects of 

game-based learning on motivation (Shamsudin et al., 2020; Sumandal, 2023). 

Competitiveness (4 mentions) was another factor, with S24 stating that competing with 

friends motivated them to learn. This finding aligns with Plass and colleagues’ (2013) study, 

which shows that competition and collaboration make learning more interesting and 

enjoyable while encouraging students to focus on improving and mastering skills. Puzzle 

game elements (3 mentions) also contributed to engagement, as S10 noted that solving tasks 

made learning more dynamic. Other reasons included the appeal of badges (2 mentions), a 

preference for mobile learning (2 mentions), and visual aids (1 mention). 

However, there were a few negative responses (3 mentions), including lack of 

engagement (1 mention) from S13, who found the game “boring”, the inherent difficulty of 

the topic (1 mention) noted by S20, and technical issues (1 mention) reported by S35, which 

affected the gameplay experience. Neutral feedback (1 mention) came from S14, who felt 

the game did not necessarily increase interest. 

From the teachers’ perspective, the feedback was generally positive (2 mentions). 

Teacher E praised the game’s fun aspect, which contributed to engagement. However, 

Teacher D expressed neutral feedback (1 mention), suggesting that additional activities like 

drawing or making models could further enhance student interest. 
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In summary, feedback suggests that Cell% generally increases interest in the Cell 

Division topic, primarily through engagement, competitiveness, and puzzle game elements. 

While some students found the game less engaging or encountered technical issues, most 

feedback indicates a positive impact on motivation and interest, with teachers suggesting 

that supplementary activities could further enhance learning. 

6.4.3.2  Lack of Motivation Due to the Topic’s Difficulty 

The effectiveness of Cell% in addressing the problem of “Lack of motivation due to 

the topic’s difficulty” was evaluated by asking the question, “Do you think that playing Cell% 

motivates students to learn the Cell Division topic, regardless of its difficulty?” in the 

questionnaire. The results are presented below. 

 

Figure 6.8: Responses for Q7 

 

Figure 6.8 illustrates the responses of students and teachers regarding whether 

playing Cell% motivates students to learn the Cell Division topic, despite its difficulty. 

Among students, 50% agreed and 33.33% strongly agreed, while 7.14% disagreed and 9.52% 

were neutral, resulting in a mean score of 4.10. For teachers, 66.67% agreed and 33.33% 
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strongly agreed, with no neutrality or disagreement, resulting in a mean score of 4.33. 

Overall, both groups believed Cell% motivates learning, though a small portion of students 

did not find it motivating. 

Table 6.9: Feedback for Q7 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Game 

Engagement 

“Because it motivates us, making 

us feel like it's not that hard if we 

learn and enjoy it through playing 

game” (S34) 

16 

Competitiveness 

“I was really motivated to study 

the topic because I want to be 

number 1 in the game” (S28) 

13 

Badges 

“I agree because the badges can 

motivate students to play the 

game” (S24) 

4 

Task-Based 

Oriented 

“Because it has missions to 

complete” (S19) 
1 

Study Aids 

“Because it has a collection feature 

where I can easily review the basic 

concepts of cell division” (S25) 

1 

Social 

Engagement 

“While playing with friends in a 

clan” (S7) 
1 

Guided 

Learning 

“This game teaches us step by 

step” (S12) 
1 

Total 37 

Negative 

Lack of 

Engagement 

“Sure, it can probably motivate 

students to learn this topic a little, 

but this game lacks the activities to 

fully motivate students to learn this 

topic” (S20) 

2 

Learning 

Challenges 

“Disagree because it's still difficult 

to remember” (S8) 
1 

Total 3 
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Table 6.9 continued 

 
Neutral 

Uncertain “Well, maybe. It depends” (S35) 2 

Partial Game 

Engagement 

“I agree, by playing game, but it 

didn't motivate me very much 

actually” (S3) 

1 

Learning 

Challenges 
“Still difficult” (S17) 1 

Total 4 

Teacher 
Positive 

Badges 
“Reward system with badges” 

(Teacher E) 
1 

Game 

Engagement 

“Learn by playing game is a 

suitable technique for the students 

nowadays” (Teacher D) 

1 

Competitiveness “Leaderboard” (Teacher F) 1 

Total 3 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 

 

Table 6.9 presents feedback from both students and teachers on whether playing the 

game Cell% motivates students to learn the Cell Division topic, regardless of its difficulty.  

From the students’ perspective, most feedback was positive (37 mentions). Game 

engagement (16 mentions) was the most cited reason, with students noting that the game 

made learning more enjoyable and less challenging. S34 highlighted that the game’s fun 

aspect increased motivation, making it easier to engage with the complex topic. 

Competitiveness (13 mentions) was another key motivator, with S28 stating that striving for 

higher scores pushed them to study harder, supporting findings by Plass and colleagues 

(2013) that competitive elements in the game can drive students to engage more deeply with 

the learning content. Additional positive feedback included badges (4 mentions), task 

orientation (1 mention), study aids (1 mention), social engagement (1 mention), and guided 

learning (1 mention). 
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Negative feedback was minimal (3 mentions). S20 noted a lack of engagement, while 

S8 mentioned that the game didn’t fully address the difficulty of the topic. This suggests that 

although the game motivates many students, some may still struggle with the content. On 

the other hand, neutral feedback was also limited (2 mentions). One student (S35) expressed 

uncertainty, while another (S3) felt the game partially engaged them but not fully. S17 

mentioned that the content remained difficult despite the game’s efforts. 

From the teachers’ perspective, all feedback was positive (3 mentions). Teachers 

praised badges (1 mention), game engagement (1 mention), and competitiveness (1 mention), 

with Teacher E noting that the reward system helped maintain student interest. This finding 

is supported by Ismail and colleagues (2018), who mentioned that the use of gamification, 

such as badges as rewards, can encourage learners’ extrinsic motivation. Additionally, 

Teacher F mentioned the leaderboard as an effective tool for encouraging students to learn. 

This aligns with the students’ feedback, where competitiveness was also a strong motivator. 

In summary, feedback indicates that Cell% effectively motivates students to learn 

the Cell Division topic, particularly through game engagement and competitiveness. While 

most students found it motivating, a small number still struggled to fully engage, suggesting 

that Cell% is beneficial for many but may not meet every learner’s needs. 

6.4.3.3  Students’ Passivity in Class 

The effectiveness of Cell% in addressing the problem of “Students are passive in 

class” was evaluated by asking the question, “Do you think that playing Cell% make students 

more active when learning the Cell Division topic?” in the questionnaire. The results are 

presented below. 



 

180 

 

 

Figure 6.9: Responses for Q8 

 

Figure 6.9 illustrates the responses of students and teachers regarding whether 

playing Cell% makes students more active when learning the Cell Division topic. Among 

students, 54.76% agreed and 38.10% strongly agreed, with 2.38% disagreeing and 4.76% 

neutral, resulting in a mean score of 4.29. For teachers, 100% agreed, resulting in a mean 

score of 4.00. Overall, both groups recognized the game’s potential to boost student 

engagement, though a small portion of students did not find it effective. 

Table 6.10: Feedback for Q8 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Game 

Engagement 

“The students become very active 

by playing game” (S39) 
20 

Clarity “It is more understandable” (S7) 8 

Competitiveness 

“To be on top of the leaderboard, 

students must be active while 

playing this game” (S26) 

5 

Study Aids 
“It's helpful as it has notes and 

other features” (S34) 
3 

Social 

Engagement 

“Yes, you can play together with 

your friends” (S39) 
3 
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Table 6.10 continued 

 
 Badges 

“Because after playing all the 

games, we will get a badge” (S32) 
1 

Total 40 

 
Negative 

Lack of Long-

Term 

Engagement 

“Sure, it can make students more 

active, but after finishing the game, 

there's nothing left to do, so 

students may forget the game and 

not reopen it” (S20) 

1 

Total 1 

 
Neutral 

Uncertain 
“Not sure, but I can learn with the 

others indirectly” (S25) 
1 

Technical Issues 

“The game has a crucial bug; I had 

to play the same level five times 

because it crashed and went black 

screen” (S35) 

1 

Total 2 

Teacher 
Positive 

Gamification 
“Gamification elements” (Teacher 

F) 
1 

Self-Exploration “Can self-explore” (Teacher E) 1 

Pre-learning 

Support 

“They can get the knowledge while 

playing the game before learn the 

topic in the class.” (Teacher D) 

1 

Total 3 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 

 

Table 6.10 presents feedback from both students and teachers on whether playing the 

game Cell% makes students more active when learning the Cell Division topic.  

From the students’ perspective, most feedback was positive (40 mentions). Game 

engagement (20 mentions) was the most cited reason, with students noting that the 

interactive nature of the game encouraged active participation. For example, S39 highlighted 

that the game fostered a dynamic learning environment. Clarity (8 mentions) also played a 

significant role, with S7 noting that the game made the material more understandable. 
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Competitiveness (5 mentions) motivated students, as S26 explained that staying active 

helped them remain on the leaderboard. Other positive factors included study aids (3 

mentions), social engagement (3 mentions), and badges (1 mention). 

Negative feedback was minimal (1 mention), with S20 stating that while the game 

promoted initial activity, it lacked long-term engagement after completion. Neutral feedback 

(2 mentions) was also limited. S25 expressed uncertainty about the long-term impact of the 

game, aligning with Nørgård and colleagues (2017), who noted that extrinsic motivators may 

not foster sustained engagement. S35 mentioned technical issues, such as game crashes, 

which disrupted the learning experience. 

From the teachers’ perspective, all feedback was positive (3 mentions). Teachers 

highlighted gamification (1 mention), self-exploration (1 mention), and pre-learning support 

(1 mention) as factors contributing to student activity. Teacher F praised the gamified 

elements, while Teacher E noted that the game encouraged independent exploration. Teacher 

D emphasized that the game helped students gain foundational knowledge before class, 

supporting active learning both inside and outside the classroom. 

In summary, feedback suggests that Cell% is effective in increasing student activity 

in learning the Cell Division topic, with game engagement, clarity, and competitiveness 

frequently mentioned by students. Teachers also recognized the game’s gamification and 

self-exploration elements. While some students expressed concerns about long-term 

engagement and technical issues, the overall response indicates that Cell% effectively 

promotes active learning. 
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6.4.4 Affective Perspective 

6.4.4.1  Learning Process Is Not Enjoyable 

The effectiveness of Cell% in addressing the problem of “Learning process is not 

enjoyable” was evaluated by asking the question, “Do you think that playing Cell% make 

learning of the Cell Division topic more enjoyable?” in the questionnaire. The results are 

presented below. 

 

Figure 6.10: Responses for Q9 

 

Figure 6.10 presents the responses of students and teachers regarding whether 

playing Cell% makes learning the Cell Division topic more enjoyable. Among students, 

38.10% agreed and 47.62% strongly agreed, with 7.14% disagreeing and 7.14% neutral, 

resulting in a mean score of 4.26. For teachers, 66.67% strongly agreed and 33.33% were 

neutral, resulting in a mean score of 4.33. Overall, both groups felt the game made learning 

more enjoyable, though a small portion of students expressed reservations. 
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Table 6.11: Feedback for Q9 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Game 

Engagement 

“Yes, it makes learning this topic more 

enjoyable compared to just learning by 

textbook” (S20) 

29 

Visual 

Appeal 

“Because the animation content in the 

game is very interesting” (S37) 
2 

Clarity 
“The notes in this game are easier to 

understand” (S16) 
2 

Relaxation “Can let my hair down” (S3) 2 

Convenience 

“It's an interesting way to understand 

and very convenient to learn by 

phone” (S6) 

1 

Badges 
“Because when I got badges, I feel 

more enjoyable” (S1) 
1 

Total 37 

Negative 

Technical 

Issues 

“The slow sensitivity of the game 

makes it hard to enjoy” (S14) 
2 

Lack of 

Interest 

“I feel bored because I don't like to 

play games” (S13) 
1 

Total 3 

Neutral 

Neutral “Not enjoyable nor boring” (S17) 1 

Uncertain “I don't know” (S8) 1 

Technical 

Issues 

“The graphics are less interesting, but 

it reduces the pressure of learning cell 

division if the game doesn't lag” (S25) 

1 

Total 3 

Teacher 

Positive 
Game 

Engagement 

“The game is fun and adventurous” 

(Teacher E) 
2 

Total 2 

Neutral Uncertain 

“Not sure, I think the students still 

need explanation from the teacher to 

learn, even though they enjoy the 

game” (Teacher D) 

1 

Total 1 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 
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Table 6.11 presents feedback from both students and teachers regarding whether 

playing Cell% makes learning about the Cell Division topic more enjoyable.  

From the students’ perspective, the overwhelmingly positive feedback (37 mentions) 

indicates that Cell% makes learning about cell division more enjoyable. The most cited 

reason was “Game Engagement” (29 mentions), with students noting that the game makes 

learning more enjoyable than traditional methods, as S20 pointed out. This reason supported 

by Kanyapasit and Srisawasdi (2014), who found that digital games promote better 

engagement. Students also appreciated the game’s visual appeal (2 mentions), clarity (2 

mentions), and relaxing nature (2 mentions), with some enjoying the mobile learning 

convenience (1 mention) and the badges system (1 mention). 

Negative feedback was minimal (3 mentions), with a few students mentioning 

technical issues, such as slow sensitivity which hindered enjoyment, as stated by S14. S13 

also expressed a lack of interest, suggesting that not all students enjoy gamified learning. If 

students are not prepared for gamified learning, their motivation may be lower during the 

learning process (Aldemir et al., 2018). However, these concerns were infrequent and did 

not significantly impact the overall positive feedback. 

Neutral feedback was also minimal (3 mentions). S17 found the game neither 

enjoyable nor boring, while S8 was unsure about its impact on their learning enjoyment. S25 

noted that although the graphics were unimpressive, the game reduced the pressure of 

learning Cell Division when there were no technical issues. This suggests that, despite mixed 

feelings, the game still offered benefits. 

From the teachers’ perspective, feedback was generally positive (2 mentions), with 

Teacher E praising the game’s engaging nature. However, Teacher D gave neutral feedback, 
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expressing uncertainty and noting that students might need additional explanations to fully 

understand the content. This suggests that while Cell% enhances enjoyment, traditional 

teaching methods may still be necessary. 

In summary, feedback shows that Cell% significantly increases enjoyment of 

learning the Cell Division topic, with key factors being game engagement, visual appeal, 

clarity, and a relaxing nature. While some students noted technical issues or a lack of interest, 

the overall response was positive. Teachers recognize the game’s benefits but suggest it 

could be complemented by other teaching methods for optimal learning outcomes. 

6.4.4.2  Negative Feelings Towards the Topic 

The effectiveness of Cell% in addressing the problem of “Have negative feelings 

towards the topic” was evaluated by asking the question, “Do you think that playing Cell% 

makes students feel more positive toward the Cell Division topic?” in the questionnaire. The 

results are presented below. 

 

Figure 6.11: Responses for Q10 
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Figure 6.11 illustrates the responses of students and teachers regarding whether 

playing Cell% makes students feel more positive toward the cell division topic. Among 

students, 57.14% agreed and 38.10% strongly agreed, with 4.76% neutral, resulting in a 

mean score of 4.33. For teachers, 100% agreed, with no neutrality or disagreement, resulting 

in a mean score of 4.00. Overall, both groups believed the game positively influenced 

students’ attitudes, though students showed a slightly broader range of responses. 

Table 6.12: Feedback for Q10 

Group Feedback Reason Sample Excerpts Frequency 

Student 
Positive 

Positive 

Attitude 

“After playing the game, my point of 

view toward the topic has surprisingly 

changed to a more positive one” (S28) 

16 

Clarity 
“Because the game has simple content 

and is easier to understand” (S25) 
7 

Game 

Engagement 

“The vibe of the game is the best” 

(S36) 
5 

Motivation “More willing to learn” (S17) 3 

Improved 

Confidence 

“I think this game will help me a lot in 

preparing for exams and increase my 

confidence” (S26) 

2 

Social 

Engagement 

“Helps to build better teammates” 

(S21) 
2 

Study Aids 

“Because I can study notes that are 

given before answering the questions” 

(S4) 

2 

Relaxation 
“I agree because the game can help 

students ease their stress” (S24) 
2 

User-

Friendly 

Interface 

“The game screen is simple and easy 

to use” (S30) 
1 

Memory 

Retention 

“Because students can easily 

memorize by learning through the 

game” (S29) 

1 

Total 41 
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Table 6.12 continued 

 
Neutral Uncertain 

“I don't really have any opinion. Some 

may feel more positive while others 

may feel no changes and still be 

frustrated…” (S20) 

2 

Total 2 

Teacher 
Positive 

Game 

Engagement 

“Students like to play game and the 

game is quite challenging as well” 

(Teacher D) 

1 

Badges 
“Reward system like badges” 

(Teacher E) 
1 

Gamification “Gamification element” (Teacher F) 1 

Total 3 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 

 

Table 6.12 presents feedback from both students and teachers regarding whether 

playing Cell% makes students feel more positive toward the Cell Division topic.  

From the students’ perspective, the feedback was overwhelmingly positive (41 

mentions), with “Positive Attitude” (16 mentions) being the most common reason. S28 noted 

that their perspective toward the topic improved after playing the game, supporting Sung 

and Hwang’s (2013) finding that digital games foster positive attitudes. Clarity (7 mentions) 

was another key factor, with students like S25 finding the material easier to understand. 

Game engagement (5 mentions) also contributed to a positive experience, with students like 

S36 enjoying the game’s interactive nature. Additionally, students reported increased 

motivation (3 mentions) and confidence (2 mentions), with S26 noting that the game helped 

with exam preparation. Social engagement (2 mentions) and study aids (2 mentions) were 

also appreciated, aligning with Eseryel and colleagues (2014), who found that collaboration 



 

189 

 

and competition enhance engagement. Some students found the game relaxing (2 mentions), 

helping reduce stress during learning, as noted by S24. 

Neutral feedback was minimal (2 mentions). For instance, S20 expressed uncertainty, 

stating that while some may feel more positive, others may not experience any changes and 

could still feel frustrated. This suggests that while most students benefit from the game, a 

small portion may not experience the same level of positivity or engagement, possibly due 

to varying learning preferences or expectations. 

From the teachers’ perspective, the feedback was similarly positive. Teachers 

recognized the game's engaging and challenging nature, as described by Teacher D, who 

mentioned that students enjoyed playing the game and found it stimulating. Additionally, 

Teacher E appreciated the reward system, such as badges, which enhanced student 

motivation. Teacher F also acknowledged the gamification element, which likely contributes 

to making learning more enjoyable and rewarding for students. 

In summary, feedback shows that Cell% significantly enhances students’ attitudes 

toward learning the Cell Division topic. The students' positive attitudes, along with the 

game's clarity, engagement, and motivational features, foster a positive learning 

environment, although a few students may remain indifferent. Overall, both students and 

teachers highlight the game’s potential to foster a positive learning environment. 
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6.4.5 Social Perspective 

6.4.5.1  Lack of Social Interaction in Class 

The effectiveness of Cell% in addressing the problem of “Lack of social interaction 

in class” was evaluated by asking the question, “Do you think that playing Cell% can 

increase students’ social interaction with others when learning the Cell Division topic?” in 

the questionnaire. The results are presented below. 

 

Figure 6.12: Responses for Q11 

 

Figure 6.12 shows the responses of students and teachers regarding whether playing 

Cell% can increase students’ social interaction while learning the Cell Division topic. 

Among students, 42.86% agreed and 28.57% strongly agreed, with 4.76% strongly 

disagreeing, 9.52% disagreeing, and 14.29% neutral, resulting in a mean score of 3.81. For 

teachers, 100% agreed, resulting in a mean score of 4.00. Overall, both groups believed the 

game can encourage social interaction, though students showed a wider range of opinions 

compared to teachers. 
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Table 6.13: Feedback for Q11 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

Forum 

Feature 

“The forum platform helps increase 

student interaction with peers and 

teachers by asking or answering 

questions.” (S22) 

16 

Social 

Engagement 

“I agree because I can interact with my 

friend and teacher to ask questions 

about things I don't understand” (S24) 

15 

Clan 

Feature 
“Because of the clan option” (S15) 3 

Total 34 

Negative 

Lack of 

Interaction 

“Sometimes people won't answer, 

maybe once someone answers they will 

get some rewards” (S5) 

4 

Shyness 

“Students are probably shy to ask 

questions, and the forum should allow 

anonymous posts” (S20) 

2 

Total 6 

Neutral 

Shyness “I don't have the courage to ask” (S23) 4 

Lack of 

Interaction 
“Not many use this feature” (S42) 2 

Total 6 

Teacher 
Positive 

Social 

Engagement 

“They can play the game together and 

share the contents with their friends” 

(Teacher D) 

2 

Forum 

Feature 

“There are discussion platform” 

(Teacher E) 
1 

Total 3 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 

 

Table 6.13 presents feedback from both students and teachers on whether playing the 

game Cell% can enhance students’ social interaction during the learning of the Cell Division 

topic.  



 

192 

 

From the students’ perspective, most feedback was positive (34 mentions). The 

forum feature was the most cited reason (16 mentions), with students noting that it 

encouraged interaction between peers and teachers. For example, S22 highlighted that the 

platform promoted collaborative learning. Social engagement (15 mentions) was also 

frequently mentioned, with S24 explaining how the game facilitated discussions with both 

friends and teachers. The clan feature (3 mentions) was praised by S15, who found it made 

the learning experience more collaborative. These findings align with Chen and colleagues 

(2015b), who noted that collaboration features in digital games foster interaction toward 

common goals. 

Despite the overall positive feedback, some students provided negative responses (6 

mentions). A lack of interaction (4 mentions) was one reason, with S5 noting that some 

students only responded in the forum if there were rewards. Shyness (2 mentions) was 

another issue, with S20 suggesting that anonymity in forum posts might encourage more 

participation. Moreover, neutral feedback (6 mentions) also emerged, with S23 stating a lack 

of courage to participate in discussions, and S42 observing that the forum was underused. 

From the teachers’ perspective, feedback was entirely positive. Teacher D 

highlighted the value of peer collaboration through gameplay, and Teacher E praised the 

forum feature as a useful tool for student interaction. 

In summary, feedback suggests that Cell% can enhance social interaction in learning 

Cell Division, particularly through the forum and peer engagement. While shyness and 

inconsistent interaction were noted as barriers, both students and teachers agreed that the 

game effectively promotes social learning. 
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6.4.5.2  Feeling of Isolation When Studying the Topic 

The effectiveness of Cell% in addressing the problem of “Feeling of isolation during 

topic study” was evaluated by asking the question, “Do you think that playing Cell% makes 

students feel they are learning with others when studying the Cell Division topic?” in the 

questionnaire. The results are presented below. 

 

Figure 6.13: Responses for Q12 

 

Figure 6.13 illustrates the responses of students and teachers regarding whether 

playing Cell% helps students feel they are learning with others while studying the Cell 

Division topic. Among students, 45.24% agreed and 28.57% strongly agreed, with 4.76% 

strongly disagreeing, 9.52% disagreeing, and 11.90% neutral, resulting in a mean score of 

3.83. For teachers, 100% agreed, resulting in a mean score of 4.00. Overall, both groups felt 

that Cell% promotes a collaborative learning environment, though teachers showed more 

uniform agreement than students. 
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Table 6.14: Feedback for Q12 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Peer 

Collaboration 

“Agree because we can play with 

friends” (S8) 
13 

Clan Feature 

“I agree because I can team up 

with my friend and we can collect 

points together and compete with 

other clans” (S24) 

11 

Leaderboard 

“The leaderboard shows everyone 

the level and the points of other 

students” (S11) 

7 

Forum Feature 
“You can communicate with others 

in forum” (S14) 
7 

Competitiveness 
“Yes, and we can compete with 

others” (S10) 
3 

Total 41 

Negative 
Loneliness 

“In my opinion, no. I felt lonely 

when playing the game. There 

should be an option to play 

multiplayer.” (S20) 

5 

Uncertain “I don’t know” (S41) 1 

Total 6 

Neutral 

Uncertain “I'm not sure” (S36) 2 

Neutral 
“The forum feature can be a big 

help if students use it” (S26) 
2 

Lack of Real-

Time Interaction 

“It’s because we can’t interact 

while playing the game” (S33) 
1 

Total 5 

Teacher 
Positive 

Peer 

Collaboration 

“They can play the game and share 

the contents with their friends 

while playing” (Teacher D) 

2 

Leaderboard 
“Player ranking in leaderboard” 

(Teacher F) 
1 

Total 3 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 
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Table 6.14 presents feedback from students and teachers on whether playing Cell% 

fosters a sense of collaborative learning when studying the topic of Cell Division.  

From the students’ perspective, most feedback was positive (41 mentions). Peer 

collaboration (13 mentions) was the most common reason, with students noting how the 

game supported interaction with friends during learning. For example, S8 felt that playing 

with friends enhanced collaboration. This aligns with Serrano (2019), who highlighted 

collaboration as a key feature in digital GBL. The clan feature (11 mentions) was also praised, 

with S24 describing how teaming up with friends added to the shared learning experience. 

This finding shows that the clan feature supports enable group learning, by creating group 

setting that allow learners collaborate one another to achieve optimal learning outcomes 

under the same goals (Zhong, 2019). The leaderboard (7 mentions) allowed students to track 

their progress relative to peers, which S11 appreciated. This is supported by Mohamad and 

colleagues (2017), who argued that the leaderboard showcases each player’s rank for easy 

recognition and encourages competition among students. Forum engagement (7 mentions) 

and competitiveness (3 mentions) were also seen as promoting collaborative learning. 

There were some negative responses (6 mentions), with loneliness (5 mentions) 

being a concern. S20 felt isolated during gameplay and suggested multiplayer options to 

address this. One student (S41) also expressed uncertainty about the game's collaborative 

aspects. On the other hand, neutral feedback (5 mentions) included S36, who was unsure 

about the game’s collaborative features, and S26, who found the forum useful only if 

students participated. S33 noted the lack of real-time interaction, which reduced the 

collaborative feel of the game. 
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From the teachers’ perspective, feedback was entirely positive (3 mentions). Teacher 

D noted that the game supported peer collaboration, while Teacher F appreciated the 

leaderboard for enhancing engagement and competition. 

In summary, feedback indicates that Cell% fosters collaborative learning through 

features like peer collaboration, clans, and leaderboards. However, some students noted 

feelings of loneliness and uncertainty, suggesting the game could benefit from additional 

real-time interaction features. Teachers generally agreed on the game’s positive impact on 

collaborative learning. 

6.4.5.3  Lack of Opportunities for Group Learning 

The effectiveness of Cell% in addressing the problem of “Lack of opportunities for 

group learning” was evaluated by asking the question, “Do you think that playing Cell% 

gives students more opportunities for group learning when studying the Cell Division topic?” 

in the questionnaire. The results are presented below. 

 

Figure 6.14: Responses for Q13 
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Figure 6.14 illustrates the responses of students and teachers regarding whether 

playing Cell% provides more opportunities for group learning when studying the Cell 

Division topic. Among students, 40.48% agreed and 38.10% strongly agreed, with 2.38% 

strongly disagreeing, 11.90% disagreeing, and 7.14% neutral, resulting in a mean score of 

4.00. For teachers, 66.67% agreed and 33.33% were neutral, resulting in a mean score of 

3.67. Overall, both groups viewed Cell% as promoting group learning, with students 

showing stronger agreement than teachers. 

Table 6.15: Feedback for Q13 

Group Feedback Reason Sample Excerpts Frequency 

Student 

Positive 

 

 

 

Clan Feature 

“Because it has a clan feature that 

allows students to play together” 

(S25) 

11 

Forum 

Feature 

“With the forum platform, students 

can ask questions, and friends and 

teachers can help, opening many 

opportunities for group learning” 

(S22) 

11 

Group 

Learning 

Opportunity 

“Yes, students have more 

opportunities to learn together” (S2) 
8 

Peer 

Collaboration 

“I agree because I can learn together 

with my friends and help each other 

with understanding the topic” (S24) 

4 

Total 34 

Negative 

Loneliness 

“I don't think this is a cooperative 

game; everyone can complete the 

tasks alone” (S9) 

3 

Limited 

Group 

Learning 

“No, I don't think so. There are just 

not enough opportunities for group 

learning” (S20) 

2 

Competitive 

Focus 

“For me, the clan only makes students 

compete against each other to be at 

the top of the clan, but not really play 

together” (S26) 

1 

Total 6 
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Table 6.15 continued 

 
Neutral 

Uncertain “I don't know” (S10) 2 

Limited 

Group 

Learning 

“Only 3 people are not enough for a 

clan” (S5) 
1 

Total 3 

Teacher 

Positive 

Peer 

Collaboration 

“Can learn collaboratively with 

others” (Teacher E) 
1 

Clan Feature “Students can form clan” (Teacher F) 1 

Total 2 

Neutral Uncertain 

“Not sure, but as the students already 

gain the knowledge from the game, 

they and can share it in the class by 

using learning walk process.” 

(Teacher D) 

1 

Total 1 

Note. The total frequency of reasons is not equal to the total number of participants 

because a participant can give multiple reasons for their rating 

 

Table 6.15 presents student and teacher feedback on whether playing Cell% provides 

more opportunities for group learning when studying the topic of Cell Division. 

From the students’ perspective, positive feedback focused on the clan (11 mentions) 

and forum features (11 mentions), with many students noting that these features facilitated 

group learning. S25 highlighted how the clan feature enabled collaboration, while S22 

emphasized the forum’s role in promoting interaction with peers and teachers. These 

findings align with Serrano (2019), who noted that digital game features support 

collaborative learning. Additionally, group learning opportunities (8 mentions) and peer 

collaboration (4 mentions) were often cited, with students like S2 and S24 appreciating the 

chance to work together and help each other understand the topic. 
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However, some negative feedback was also provided. Loneliness (3 mentions) was 

a concern, with S9 feeling the game lacked cooperative elements, as tasks in the game could 

be done alone. Limited group learning opportunities (2 mentions) were noted by S20, who 

felt the game didn’t facilitate enough collaboration. S26 also criticized the clan feature for 

fostering competition over teamwork. On the other hand, neutral feedback (3 mentions) 

included uncertainties about the game’s effectiveness for group learning, with S10 and S5 

questioning its collaborative potential. 

From the teachers’ perspective, feedback was generally positive (2 mentions), with 

Teacher E highlighting peer collaboration and Teacher F praising the clan feature for 

fostering teamwork. However, Teacher D provided neutral feedback and expressed 

uncertainty, suggesting the game’s contribution to group learning was unclear. 

In summary, feedback suggests that Cell% supports group learning through features 

like clans and forums but could improve by offering more collaborative opportunities. While 

many students appreciated these features, some noted the game’s solo play options and lack 

of interaction features. Teachers agreed the game promotes peer collaboration but called for 

further development to optimize its group learning potential in class. 
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6.4.6 Overall 

 

Figure 6.15: Mean Ratings for Each Question 

 

Figure 6.15 illustrates the mean ratings for each question from students and teachers, 

providing insights into how the Cell% was perceived in addressing learning problems. 

Overall, both students and teachers view the game positively, with students typically rating 

it higher than teachers. It’s important to note that the teachers’ responses came from a small 

group of only three individuals, meaning their ratings could be heavily influenced by just 

one person’s opinion. 

From the cognitive perspective, both groups viewed the game positively, but students 

rated it higher for aiding memory retention, understanding, and distinguishing complex 

terms. For example, students rated memory retention (Q1) at 4.45, while teachers rated it at 
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3.67. Similarly, students rated handling complex terms (Q2) and understanding (Q3) higher 

than teachers. Both groups agreed that the game helps reduce confusion (Q4) and aids in 

abstract learning (Q5), with students again rating these aspects slightly higher. 

From the motivational perspective, students felt the game had a stronger impact on 

interest, motivation, and participation than teachers. Students rated the game’s ability to 

increase interest (Q6) at 4.29, while teachers rated it lower at 3.67. The same trend was 

observed for motivation (Q7) and active participation (Q8), suggesting students feel more 

engaged by the game. 

From the affective perspective, both students and teachers agreed the game improved 

these aspects, with ratings for enjoyment (Q9) at 4.26 for students and 4.33 for teachers, and 

a similar trend for positivity toward learning (Q10). 

From the social perspective, the ratings were slightly lower compared to other 

perspectives. Students rated social interaction (Q11) at 3.81, while teachers rated it at 4.00. 

Both groups gave similar ratings for feeling like they are learning with others (Q12), and 

group learning opportunities (Q13) received lower scores from students compared to 

teachers. These findings indicate room for improvement in the game’s collaborative features. 

Overall, the results show that Cell% effectively addresses identified learning 

challenges in Cell Division topic, particularly in cognitive and affective perspectives. 

However, the lower ratings in the social perspective highlight areas where further 

development could enhance the learning experience. Based on the Brace’s (2004) 

classification criteria, as suggested by Shiratuddin and Zaibon (2011), if the rating exceeds 

3.40, it can be classified as “high” or “highly high”. With overall ratings ranging from 3.67 

to 4.45, Cell% received high effectiveness ratings across all perspectives, demonstrating its 
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success in addressing the identified learning challenges. In conclusion, Cell% fulfilled the 

research objective of the study, which was to design and develop an mGBL application that 

would address the challenges identified in the learning of the Cell Division topic. 

6.5 Suggestions on Improving Cell% 

An open-ended question was included in the questionnaire to give participants an 

opportunity to provide comments or suggestions about Cell%, so that the researcher can 

improve the game in the future.  

The data collected from the question were reviewed and divided into student and 

teacher groups to enable comparison between the two groups for data analysis. The data 

were coded into sub-categories of suggestion based on keywords from the responses, then 

further classified into different categories of suggestion, which were derived from recurring 

themes in the sub-categories. Categories, sub-categories, and their frequencies were then 

presented. Each sub-category was accompanied by a sample quotation from a participant to 

provide insights into their suggestion. All data were tabulated and discussed in the report, as 

presented below. 

Table 6.16: The Suggestions From Students and Teachers on Improving Cell% 

Group Category Sub-category Samples Excerpts Frequency 

Student 

No Changes 

Needed 

Positive 

comments 

“The game is amazing. 

Nothing to do to improve the 

game because it's really good” 

(S1) 

9 

No suggestions “No” (S4) 8 

Total 17 

Bug Fixes General bug 
“The game has some bugs. 

Hope it can improve” (S16) 
4 
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Table 6.16 continued 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Screen black-

out bug 

“Bugs like black screen after 

talking to NPC” (S35) 
2 

Wall stuck bug 

“Bugs when falling off a 

moving bridge, get stuck in 

the wall and can't get out” 

(S23) 

1 

Leaderboard 

bug 

“Problem displaying 

leaderboard info” (S25) 
1 

Level 

completion bug 

“Bugs in levels not showing 

as completed” (S22) 
1 

Total 9 

Screen 

Sensitivity 

Improvement 

Increase screen 

sensitivity 

“Increase the sensitivity of the 

game” (S14) 
5 

Add screen 

sensitivity 

setting 

“Can make setting for screen 

sensitivity” (S2) 
1 

Total 6 

Multiplayer 

Request 

Add multiplayer 

functionality 

“I think you can make it 

multiplayer so I can join my 

friends to play together” (S19) 

4 

Total 4 

Graphics 

Improvement 

General 

graphics 

improvement 

“I think you can improve the 

graphics...” (S24) 
2 

Lighting 

enhancement 

“I think if the game's lighting 

is brighter, it will make the 

game easier to see when 

playing in low brightness” 

(S6) 

1 

Colour 

enhancement 

“The colour could be brighter 

and more comfortable” (S40) 
1 

Total 4 

Game 

Performance 

Improvement 

Increase game 

responsiveness 

“Enhance the responsiveness 

for smoother gameplay” (S3) 
2 

Game crashing 

issue 

“The game performance 

should improve. It keeps 

crashing…” (S20) 

1 

Total 3 
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Table 6.16 continued 

 

Locomotion 

Control 

Improvement 

Increase 

walking speed 

“…walking speed a little 

faster” (S37) 
1 

Control 

responsiveness 

issue 

“The control movement is 

hard for me. Sometimes I can 

control it, sometimes I 

cannot” (S10) 

1 

Total 2 

Gameplay 

Design 

Improvement 

Add more 

challenges and 

quests 

“… add more challenges. 

Include extra quests” (S28) 
1 

Difficult to get 

on bridge issue 

“The bridge is so hard to get 

on…Please make the bridge 

bigger” (S5) 

1 

Total 2 

Character 

Customization 

Increase 

character 

options 

“I think you could add more 

characters and allow 

customization” (S33) 

1 

Total 1 

Teacher 

No Changes 

Needed 

No suggestions - (Teacher E and Teacher F) 2 

Positive 

comments 

“The game is interesting and 

entertaining. It helps the 

students to understand the 

concept of cell division” 

(Teacher D) 

1 

Total 3 

Note. The total frequency of suggestions is not equal to the total number of participants 

because a participant can give multiple suggestions 

 

Table 6.16 shows feedback and suggestions from both students and teachers on ways 

to improve the Cell% game. A wide variety of ideas were shared, highlighting areas where 

the game could be refined to enhance the user experience. 

From the students’ perspective, many students expressed satisfaction with the game 

as it is, with 17 mentions of no changes being necessary. From it, nine students provided 

positive comments, with S1 stating that there was “nothing to do to improve the game 
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because it's really good”. However, while many were pleased with the game, there were still 

areas where some students felt improvements could be made.  

Common feedback from students included bug fixes (9 mentions), such as general 

bugs (16 mentions), screen blackouts (S35), getting stuck in walls (S3), and leaderboard 

issues (S22). According to Perttula and colleagues (2017), even minor technical problems, 

such as interaction or audiovisual issues, can affect the flow and experience of gameplay. 

Addressing these problems would likely enhance the overall experience for many students. 

Students also requested better screen sensitivity (6 mentions), with S14 suggesting an 

increase in sensitivity and S2 recommending adjustable settings for customization. 

Multiplayer functionality was requested by four students, including S19, who emphasized a 

desire for more social interaction. 

Beyond these technical aspects, students suggested improvements to the game’s 

visual and aesthetic elements. Four students requested graphics improvements, such as 

general upgrades (S24), better lighting for low-light environments (S6), and more 

comfortable colours (S40). Game performance was also discussed, with students suggesting 

better responsiveness (S3) and fixes for game crashes (S20). Movement control was another 

area for improvement, with requests for faster walking speeds (S37) and more responsive 

controls (S10). In terms of game content, two students suggested gameplay improvements, 

including adding extra challenges (S28) and addressing issues with bridges, which were 

difficult to cross (S5). Finally, character customization was another point of interest, with 

S33 asking for more options to personalize characters, which could make the game more 

engaging. 
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From the teachers’ perspective, all expressed overall satisfaction with the game, with 

no suggestions for improvement. Teacher D praised the game for its usefulness in 

understanding cell division concepts. 

In conclusion, while students appreciated the game, they offered suggestions 

primarily related to bug fixes, gameplay, and added features. Teachers were generally 

satisfied, reinforcing the game’s value as a learning tool. 

6.6 Chapter Summary 

In summary, this chapter discussed the evaluation findings of Cell% by students and 

Biology teachers regarding its playability and effectiveness in addressing learning 

challenges identified in the preliminary study. The results indicate that Cell% achieves high 

playability, with a playability score of 4.33. Additionally, Cell% received high ratings for 

effectiveness in addressing learning challenges across all perspectives, with scores ranging 

from 3.67 to 4.45, demonstrating its success in meeting these challenges. However, slightly 

lower ratings in the social dimension highlight areas for potential improvement to enhance 

the collaborative learning experience. While students expressed satisfaction with the game, 

they provided valuable feedback for future updates, particularly on bug fixes and feature 

enhancements. Teachers also responded positively, affirming the game’s potential as a 

valuable learning tool. 
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CHAPTER 7  
 

CONCLUSION AND RECOMMENDATIONS 

7.1 Conclusion 

This study can be divided into two parts, the preliminary study aimed at identifying 

the learning challenges faced by secondary school students in learning the Cell Division 

topic, and the study to evaluate the effectiveness of the mGBL application developed by the 

researcher in addressing those challenges. 

From the preliminary study, various learning challenges were identified from 

different perspectives, such as cognitive, motivational, affective, social, and others, based 

on both students’ and teachers’ views. Cognitive challenges were the most prominent, with 

students struggling to memorize content, differentiate between similar terms and grasp 

abstract concepts. Additionally, strategies suggested by students and teachers to improve 

learning the Cell Division topic included the use of games, visual learning materials, memory 

aids, and collaborative learning techniques. 

Based on the findings from the preliminary study, an mGBL called Cell% was 

developed by the researcher to address these challenges. To ensure quality and user 

experience, the playability of Cell% was considered in terms of Game Usability, Game 

Mobility, Gameplay, and Learning Content during the design and development process of 

Cell%. As a result, an evaluation of Cell% in terms of playability and its effectiveness in 

addressing the identified learning challenges was conducted from the views of students and 

teachers. 
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The findings showed that Cell% had high playability and effectively addressed all 

learning challenges identified in the preliminary study, with overall ratings ranging from 

3.67 to 4.45, particularly in the cognitive and affective aspects. However, its effectiveness 

in addressing social challenges was lower compared to other areas. This indicates that there 

is room for improvement in enhancing Cell% in the social aspect, such as increasing social 

interaction and group learning opportunities in the game. Additionally, the study collected 

comments and suggestions from students and teachers, revealing that most of them were 

satisfied with Cell%, but some suggested technical improvements, particularly in terms of 

bug fixes, gameplay enhancements, and additional features. 

Overall, this study successfully fulfilled both research objectives, which are 

identifying the learning challenges faced by secondary school students in learning the Cell 

Division topic from both students’ and teachers’ views, and developing an mGBL 

application to address the challenges identified in the learning of the Cell Division topic. 

7.2 Significance of Study 

This study provides an alternative for secondary school students in Malaysia to learn 

the Cell Division topic by offering an online mGBL application or mobile game, called as 

Cell%. The game is available for download on Google Play 

(https://play.google.com/store/apps/details?id=com.SweatingOrangeProduction.CellDivisi

onApp). Since the features of the game were specifically designed and developed to address 

the learning challenges in Cell Division topic, and have demonstrated successful 

effectiveness in this study, the mobile game is suitable for Biology teachers to use as a 

teaching tool for their teaching in the topic. Furthermore, students can play the game at their 

https://play.google.com/store/apps/details?id=com.SweatingOrangeProduction.CellDivisionApp
https://play.google.com/store/apps/details?id=com.SweatingOrangeProduction.CellDivisionApp
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own pace at home for self-learning, due to the advantages of mobile learning, which allows 

learners to study through mobile phones without time or geographical constraints. 

From instructional design perspective, this study provides an example of how to 

design and develop an mGBL that addresses learning challenges from multiple perspectives. 

While previous studies on GBL in learning Cell Division topic have focused on students’ 

understanding (Kanyapasit & Srisawasdi, 2014; Shamsudin et al., 2020; Wilson et al., 2018), 

learning performance (Nasharuddin et al., 2021), and motivation (Shamsudin et al., 2020; 

Sumandal, 2023), this study uses an design-based research approach, which develops an 

mGBL application aimed at addressing identified learning challenges in the Cell Division 

topic, rather than solely focusing on learning outcomes or motivation. Furthermore, the 

mGBL application was designed from different perspectives, including cognitive, 

motivational, affective, and social aspects. As noted by Plass and colleagues (2015), the 

combination of cognitive, motivational, affective, and sociocultural dimensions should be 

considered in game design to fully unlock the potential of GBL for learning. This study 

exemplifies the use of multi-perspective and problem-based game design in GBL, which 

introduces a novel approach in GBL studies related to Cell Division learning. 

Furthermore, the study highlights the methodological significance of adapting DBR 

approach. By following an iterative cycle of problem analysis, design, implementation, and 

reflection, the study ensured that the development of the Cell% application was grounded in 

authentic classroom challenges, informed by multiple learning theories, and refined through 

collaboration with teachers and students. This cyclical and collaborative process not only 

enhanced the practical relevance of the intervention but also contributes to methodological 
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knowledge by demonstrating how DBR can effectively guide the design and evaluation of 

mGBL in Biology education. 

In addition, the study contributes to the theoretical foundations underpinning its 

design. The findings support the application of CLT and CTML, showing that features such 

as highlighted notes, signalling, and multimodal presentation effectively reduced extraneous 

load and improved memorization. The positive responses toward challenge–skill balanced 

gameplay further validate Flow Theory, emphasizing how structured progression and 

feedback sustain player engagement. Similarly, the inclusion of role-playing and problem-

solving elements illustrates how PBL can be embedded in mGBL to promote contextual 

understanding. Finally, the collaborative features, such as forums and clans, align with 

Collaborative Learning theory, highlighting the value of peer interaction in reinforcing 

knowledge. Together, these findings extend theoretical understanding by demonstrating how 

multiple learning theories can be integrated in a unified game-based learning environment. 

7.3 Limitation of Study 

The mGBL application developed in this study focuses on the Cell Division topic. 

Therefore, the learning content is limited to the Cell Division chapter, which is the Chapter 

6 of the Form 4 Biology textbook. Additionally, since the mGBL application is an online 

game, it is only available to the users who have access to the internet or mobile data. As 

indicated in the findings of the preliminary study, one teacher mentioned that students might 

face internet coverage issues due to the geographical areas where they live. Thus, this mGBL 

application may not be suitable for students with internet connectivity problems. However, 

fortunately, none of the students experienced such issues during the data collection phase of 

this study. Although none of the students experienced such issues during data collection, 
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poor connectivity could have influenced engagement and performance if it had occurred. In 

future, offline or hybrid modes of the game could help mitigate this limitation. 

Based on the suggestions of participants collected from the study, it was found that 

some participants encountered technical problems such as bugs, when playing the game. 

Although the reported issues were minor bugs, but they could still affect the overall user 

experience. While these issues were small, they may have affected usability scores and 

players’ overall experience, possibly lowering motivation or focus. Future research should 

address these by conducting more rigorous testing and updates to ensure smoother gameplay. 

Therefore, improvements should be made to address these technical limitations. Furthermore, 

the mGBL application in this study was designed for mobile phones or tablets with the 

Android operating system, making it incompatible with other portable devices that use 

different operating systems. This limits accessibility and may have excluded potential 

participants. Expanding compatibility to multiple operating systems in future versions could 

broaden participation and increase the generalizability of findings. Lastly, the number of 

participants in this study, particularly the teachers (only 3 teachers) was limited, which may 

have impacted the robustness of statistical analysis and reduced the variety of teacher 

perspectives. Future research should involve a larger and more diverse sample of teachers 

and students to validate the findings and strengthen their generalizability 

7.4 Recommendation for Future Research 

As reported by the participants in this study, there are still some minor technical 

problems in the mGBL application, and some participants also suggested making gameplay 

improvements. Therefore, the mGBL application requires further refinement, particularly in 

fixing technical issues for future studies. Although this study demonstrated successful 
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effectiveness in addressing the identified learning challenges in the Cell Division topic, the 

effectiveness from social perspective was lower compared to other aspects. This may be due 

to the game’s social features, such as the forum, clan feature, and leaderboard, not being 

strong enough. Thus, improvements should be made to foster stronger collaborative learning 

and provide more opportunities for group interaction within the game. As suggested by 

students in the study, a real-time multiplayer feature should be considered in the game design 

to enhance the sense of collaboration among players during gameplay. Additionally, it was 

noted that some participants mentioned a lack of forum use in the game. To encourage 

greater participation, more motivators should be implemented, such as awarding game points 

for each post or comment made by players. 

From the study’s context, since this research focuses on the development of an 

mGBL application to address learning challenges specifically in the Cell Division topic, 

future research could explore the impact of the mGBL application on students’ learning 

performance. This would help to reveal how a problem-based mGBL design affects learning 

outcomes. Lastly, the scope of this study could be expanded to other topics or even the entire 

Biology syllabus, rather than just the Cell Division topic, so that the problem-based design 

in multiple perspectives approach of this study can be investigated on a broader scale. 

7.5 Chapter Summary 

In conclusion, this study successfully met its objectives by developing an mGBL 

application that both addresses students’ learning challenges and demonstrates its potential 

as an effective educational resource. This study not only highlights the effectiveness of 

mGBL in addressing the learning challenges of the Cell Division topic but also paves the 

way for future innovations in educational game design. By combining cognitive, 
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motivational, affective and social dimensions in GBL, this study offers valuable insights into 

creating a more engaging and holistic learning experience. The findings provide a foundation 

for expanding the application of mGBL to other educational topics and contexts, further 

contributing to the evolution of digital learning tools that can better meet the diverse needs 

of students. 
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