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ABSTRACT 

With the emergence of a new generation that lives and breathes on digital technology 

also come challenges in education. Educators today encounter numerous obstacles in 

their classroom, and one of those hurdles is how to capture and keep the iGeneration 

engaged and motivated towards learning for a long time. This widening digital divide 

has left a major impact on students’ diminishing motivation to learn Science and 

Chemistry, leading to poor performance in examinations and a drop in students 

enrolling for Science subjects. As document proof shows the iGeneration is wired 

differently, the main aim of this study is to explore and investigate the possibility of 

reinventing Chemistry learning using a selected digital role-play game known as 

ChemCaper. Purposive sampling was used to select the iGeneration sample, which 

consisted twenty students from an international school and findings of this study 

showed these students were extremely engaged and motivated to play ChemCaper. 

The elements of reinvention in Chemistry learning occurred in various forms 

beginning from the discovery that situated learning occurred through “head fake” 

whereby students thought they were playing and mastering a digital game without 

realizing they were actually learning Chemistry. The Chemistry learning in this 

context includes drawing and naming apparatus, identifying some physical separation 

techniques, identifying some basic chemical symbols and basic chemical bonding. Another 

element of reinvention occurred when fifteen of these students (n=19) who had no 

prior Chemistry knowledge showed moderate to strong attainment of Chemistry 

knowledge in a short span of two weeks, solely from the continuous active 

participation of playing ChemCaper. Interview data revealed that most students were 
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able to convert what they played in the game into Chemistry knowledge. It must be 

stressed that these students are below the formal age of learning Chemistry and that 

no structured teaching was conducted. Results from the online interactive quiz and 

focus group interviews also showed that students who were younger could attain 

equal Chemistry knowledge compared to their older peers. In addition, learning was 

random and not linear as each student learnt differently based on his or her needs and 

experience of the game. The final element that connects the dots and translates 

implicit learning to explicit learning is the importance of scaffolding for the selected 

iGeneration students. 

Keywords: ChemCaper, Digital role-play game (DRPG), iGeneration, reinvention in 

Chemistry learning,  motivation 
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PENEROKAAN CHEMCAPER DALAM PENCIPTAAN SEMULA 

PEMBELAJARAN KIMIA 

ABSTRAK 

Dengan kemunculan generasi baharu yang hidup bergantung pada teknologi digital, 

juga wujud cabaran dalam dunia pendidikan. Para pendidik hari ini menghadapi 

pelbagai halangan di dalam bilik darjah mereka, dan salah satu daripada halangan itu 

merupakan kesukaran menarik perhatian anak-anak “iGenerasi” dan meningkatkan 

motivasi mereka untuk menumpu perhatian ke arah pembelajaran untuk jangka masa 

yang lebih lama. Jurang digital yang semakin luas ini menyebabkan kemerosotan 

dalam motivasi pelajar untuk mempelajari Sains dan Kimia. Justeru itu, prestasi 

pelajar-pelajar dalam peperiksaan kian merosot dan ini juga menyebabkan mereka 

hilang minat dalam mata pelajaran Sains. Hasil dari penyelidikan terkini 

menunjukkan bahawa era digital telah banyak mempengaruhi cara pemikiran anak-

anak iGenerasi ini. Maka, matlamat utama kajian ini adalah untuk meneroka dan 

menyiasat kemungkinan “mencipta semula” (reinventing) pembelajaran Kimia 

dengan menggunakan “permainan digital main peranan” (digital role-play game) 

yang dikenali sebagai ChemCaper. Sampel Bertujuan digunakan untuk memilih 

sampel iGenerasi yang terdiri daripada dua puluh pelajar dari sebuah sekolah 

antarabangsa. Penemuan kajian ini menunjukkan pelajar-pelajar ini sangat terlibat 

dan bermotivasi untuk bermain ChemCaper. Elemen-elemen “mencipta semula” 

(reinvention) pembelajaran Kimia berlaku dalam pelbagai bentuk bermula dengan 

penemuan “pembelajaran bersituasi” (situated learning) yang berlaku melalui "kepala 

palsu" (head fake), yang mana para pelajar menyangka mereka bermain dan 
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menguasai suatu permainan digital tanpa menyedari bahawa mereka sebenarnya 

sedang mempelajari Kimia. Pembelajaran Kimia dalam konteks ini termasuk melukis 

dan menamakan radas, mengenalpasti beberapa teknik pemisahan fizikal kimia, 

mengenalpasti beberapa simbol kimia asas dan ikatan kimia asas. Satu lagi elemen 

“mencipta semula” (reinvention) yg ditemui dalam kajian ini ialah penguasaan ilmu 

Kimia yang sederhana hingga mahir oleh lima belas pelajar (n = 19) hasil dari              

“penyertaan aktif” (active participation) berterusan mereka dalam bermain 

ChemCaper . Di sini, perlu ditekankan bahawa pelajar-peajar ini tidak mempunyai 

pengetahuan Kimia langsung sebelum ini dan mereka berjaya menguasai  ilmu Kimia 

dalam jangkamasa pendek dua minggu semata-mata dari permainan ChemCaper 

kerana tiada pengajaran berstuktur dijalankan. Tambahan pula, pelajar-pelajar ini 

berada di bawah usia formal pembelajaran Kimia. Data dari wawancara telah 

mendedahkan bahawa kebanyakan pelajar dapat menukar apa yang mereka bermain 

dalam permainan kepada pengetahuan Kimia (implicit to explicit learning). 

Keputusan dari kuiz interaktif online dan wawancara kumpulan fokus juga 

menunjukkan bahawa pelajar yang lebih muda dapat mencapai pengetahuan kimia 

yang setanding rakan sebaya mereka yang lebih tua. Di samping itu, pembelajaran 

berlaku secara rawak dan tidak linear kerana pembelajaran setiap pelajar adalah 

berbeza berdasarkan keperluan dan pengalaman pelajar tersebut dalam permainan 

ChemCaper itu. Unsur akhir yang menghubung kaitkan pembelajaran dan 

penterjemahan “pembelajaran tersirat” (implicit learning) ke “pembelajaran yang 

jelas” (explicit learning) adalah kepentingan “bimbingan” (scaffolding) yang 

disediakan bagi pelajar-pelajar iGenerasi yang terpilih. 

Kata Kunci:  ChemCaper, permainan peranan digital (DRPG), iGenerasi, mencipta 

semula pembelajaran Kimia, motivasi 
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CHAPTER 1 

 INTRODUCTION 

1.1 Background of the Study 

Have you ever encountered this situation? 

You buy a new smartphone and have problems with transferring all your 

current information and apps from your old phone to your new phone. But, when you 

hand over the device to your teenager, he quickly figures everything out in 5 minutes 

and shows you how it is done. He even teaches you how to print from the phone 

without needing a cable connected to the printer. In another scenario, you download 

a digital role-play game and accept a quest which requires you to search for items, 

bond petticles and fight with monsters in your attempt to understand the Chemistry 

learning that occurs in this game but you have not a single clue how to play the game 

as you keep hitting an invisible wall or end up going in circles. This frustrates you 

immensely and you don’t understand how kids love to play these games. Again, 

when you hand the device to your 11-year-old child, she is delighted to have a new 

game to play and starts asking you questions such as what is the meaning of “Brom-

Brom”, “Oxyto” as she levels up effortlessly. She quickly teaches you how to 

navigate through the game and even advises you to fight “the boss” with Cryo 

because Cryo freezes up the opponent. It seems that your kids are geniuses when it 

comes to learning, problem solving and discovering new knowledge in the digital 

world… 
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These are real life scenarios that has occurred in some homes including the 

researcher’s as the generation today grows up at ease with digital devices, so much 

so that most toddlers seem to know how to swipe a screen on a smartphone while 

most young children know how to navigate their way through any digital devices 

easily to the extent of parents asking their kids for help when it comes to digital 

devices. All this points to the fact that the younger generations are getting more and 

more tech savvy and are rightly called digital natives by Prensky (2001a) as they take 

to all digital devices like fish to water. A more recent description coined by Rosen 

(2011) and his team of researchers to label this new emerging generation that 

encompasses children and teens born in the new millennium is the iGeneration. Their 

love for electronic communication and ability to multi-task effortlessly points to the 

fact that their brains are wired differently (Berson & Berson, 2010; Buckleitner, 

2009; Calvert, Strong, & Gallagher, 2005; Chiong & Schuler, 2010; Couse & Chen, 

2010; Kerawalla & Crook, 2002; Lisenbee, 2009; Prensky, 2001; Rideout, Lauricella 

& Wartella, 2011). 

However, with the emergence of a new generation that lives and breathes on 

technology also come challenges in education. Educators today encounter numerous 

obstacles in their classroom, and one of those hurdles is how to capture and keep the 

iGeneration engaged and motivated towards learning for a long time (Blum, 2016; 

Khan, 2012; Prensky, 2007; Robinson & Aronica, 2016; Rosen, Carrier & Cheever, 

2010) as one common complaint is student’s inability to pay attention during lessons. 

Another concern many educators believe is an obstacle to education is that 

most schools today are unable to provide optimized learning environments for digital 
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natives to prepare them for the digital workplace of the future causing a disconnect in 

education (Fullan, 2013; Hattie; 2012; Kelly, McCain & Jukes, 2009; Papert & 

Markowsky, 2013; Prensky, 2001b, 2007; Rosen, Carrier & Cheever, 2010; Tapscott, 

2009). Even Bill Gates (2005) noted that America’s high school would eventually be 

obsolete, as schools are not training kids of today to fill the workforce of tomorrow. 

This concern is also evidenced by US statistics that show a high number of student 

dropouts from high school (Cullen, Levitt, Robertson & Sadoff, 2013) with leaders in 

education stating that the failure of American schools is due to the mismatch in 

pedagogy styles as digital technologies have conquered the minds of our young 

generation, influencing the way they behave, think and learn.  

It is a known fact that interest and motivation play a crucial role in learning 

(Dewey, 1938; Hidi, 1990; Krapp & Winteler, 1992; Larson, 2000; Maehr & Meyer, 

1997; Olson, 1997; Palmer, 2007; Pintrich et al., 1993; Pugh & Bergin, 2006; 

Schiefele, 1991) and numerous research have shown that these digital natives learn 

differently and have problems sitting passively for hours while teachers dominate the 

class teaching. These findings are substantiated by the fact that the average college 

student spend fewer than 5,000 hours of their lives reading but more than 10,000 

hours playing video games and a further 10,000 hours on their digital cell phones 

(Prensky, 2001b).  

The scenario in Malaysia is not much different with the number of Internet 

users totaling over 24.1 million, which accounts to 77.6% of total Internet 

penetration (Malaysian Communications and Multimedia Commission, MCMC, 

2016). From this figure, over 72% are aged between 7 and 35 and in a study 

conducted by CyberSAFE in Schools National Survey (2013), it was found that 

Univ
ers

iti 
Mala

ya



4 

about 51% of the participants reported playing games online, with more than a third 

(35.6 per cent) of the respondents spending between one and 12 hours a week in 

cyber cafes. Another recent report compiled by the United Nations Children’s Fund 

(UNICEF) Malaysia (Pawelczyk & Kuldip Kaur, 2014) showed that the influence of 

online gaming in Malaysia is evident with 80% of the 1,200 study participants 

surveyed (aged 14–16) indicated they played online games. The report also 

mentioned that the hugely popular game Candy Crush Saga had over 1.2 million fans 

from Malaysia. With such significant hours spent on the Internet and online games, 

one wonders how much time is allocated for studying. 

1.2 Problem Statement 

According to Blum (2016), this old classroom model is widening the gap 

between the way kids are taught and what they actually learn; stumping students’ 

creativity and motivation to learn, and in short making children hate school. This 

widening digital divide has also left a major impact on students’ diminishing interest 

and motivation to learn Science in general and Chemistry in particular as teachers 

strive to teach using PowerPoint presentations as their mode of modern technology 

use while students require more immersive environments that would capture their 

attention (Devlin, Feldhaus & Bentrem, 2013; Howe & Strauss, 2000; Levin & 

Arafeh, 2002; Prensky, 2001b; Raman & Abdul Halim, 2013; Samuel & Zaitun, 

2007; Stofflett, 1998; Woempner, 2007; Zoller, 2000). Data from countries like US, 

UK, Ireland, Africa and Western Europe countries also show the lack of interest and 

motivation in learning Science among students with studies in the US showing the 

global position of STEM has declined despite efforts to push advanced learning 
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(Rapini, 2012; The President’s Council of Advisors on Science and Technology, 

2010). 

In Malaysia, research also shows students lack the interest to learn science in 

general (Boo, 2015; Chew, Noraini & Leong, 2014; Kang, 2013; Kong, 1993; 

Ministry of Education, 2012). This of course includes Chemistry, a subject which 

students find difficult to grasp (Coll & Treagust, 2001; Johnstone, 1991; Ozmen, 

2004; Taber, 2002) as numerous studies also show that students lack interest and 

motivation to study Chemistry (Farhana & Zainun, 2013; Muzammila, Johari & 

Murad, 2014; Woldeamanuel, Atagana & Engida, 2014). Moreover, reports show a 

significant drop in student numbers who qualify to study science due to poor 

performance in national examinations and international assessments (Boo, 2015). 

The fact that only 21% of those studying in upper secondary chose to study science 

subjects in 2014, (Spykerman & Lee, 2015) is cause for concern as national target of 

science and technology to arts ratio is set at 60:40 (Ministry of Education, 2012).  

In an era where digital media dominates the society, parents are concerned with 

children spending significant amount of time on various modes of digital devices. 

This is evidenced by a U.S. study done by the Kaiser Family Foundation (2010). 

Results from the longitudinal 10-year study showed a marked increase in the amount 

of time spent by tweens (age 8 to 12 years old) and teens (13 to 18 years old) on the 

use of digital media for all sorts of activities with the exception for reading.  In 

another study conducted by Common Sense Research Study (2012), children spend 

up to 9 hours daily on various activities on the Internet after school, mostly playing 

games. With the iGeneration focusing much of their time, energy and concentration 

on digital games, it is no wonder that parents and “old school” teachers become more 
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worried than ever that time spent on learning is compromised. These concerns are 

further echoed by educationists of the future (Blum, 2016; Khan, 2012; Robinson & 

Aronica, 2016) who disagree with the current didactic education system that pushes 

students together in age-group batches with one-pace-fits-all curricula (Khan, 2012). 

This is especially true when Rosen, Carrier and Cheever (2010) and Christakis 

(2014) have documented proof that the brains of the iGeneration are wired 

differently. 

Chemistry as a Science subject has generally been documented as difficult and 

causing students to lose interest (Aikenhead, 2003; Farhana & Zainun, 2013; 

Johnstone, 2000; Taber, 2002). In order to provide meaningful Chemistry learning 

for the generation today, chemistry educators must provide the most appropriate 

method of education to fit into the learning styles of these digital natives to meet 

their needs. Research from various fields shows that play is a powerful mediator for 

learning (De Freitas & Griffiths, 2007; Montessori & Carter, 1936; Piaget, 1959; 

Vygotsky, 1932; Zimmerman, 2003) and virtual environments such as those found in 

Digital Role-Play Games (DRPG) provides the engagement and motivation to 

develop deeper learning and higher order skills (Chen, Wong & Wang, 2014; Dede et 

al, 2005; Gee, 2007; Holzinger, Kickmeier-Rust, & Albert, 2008; Lassiter et al., 

2001; Mitchell & Savill-Smith, 2004; Prensky, 2006; Robertson & Howells, 2008) 

for our young generation. 

Although there is a growing body of literature (Chen, Wong & Wang, 2014; 

Connolly, Stanfield, & Hainey, 2011; Dickey, 2007; Dominguez et al., 2016; 

Hallford & Hallford, 2001; Randi & de Carvalho, 2013; Rankin, Gold & Gooch, 

2006; Tsai, Yu & Hsiao, 2012) conducted on the use of DRPG in education, at the 
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point of writing the researcher found only one that focuses on using DRPG in 

teaching Chemistry with the learning of Chemical Formula as the research topic 

(Chen, Wong & Wang, 2014). Participants of that study were high school students of 

the same age cohort and were required to have prior Chemistry knowledge before 

playing the game. In addition, the DRPG was only adopted during the research 

period and there was no evidence of continued play after the research period. To top 

it off, the researcher did not find any reports on the possibility of using DRPG to 

educate younger children who have not been formally taught Chemistry nor was 

there any studies to look into teaching Chemistry across a range of different ages 

using DRPG way before they come of age to learn the subject formally. 

In order to investigate claims by researchers (Collins & Halverson, 2009; Horn, 

2015) that digital revolution has helped to propel the trend of accelerating students’ 

learning based on skills and not age, upper primary school students who have not 

been exposed to Chemistry learning were the most suitable. This cohort would have 

no prior knowledge in Chemistry learning but have sufficient command of the 

English language to understand the game. By assessing if students of the iGeneration 

can truly learn Chemistry beyond their age using a selected DRPG found in the 

industry, it may just help to change the way educationists think how students should 

learn and reinvent the learning of Chemistry. It will also provide more empirical 

evidence that the iGeneration students are truly rewired differently and can learn 

beyond their ages using digital technologies. Thus, this study explored one such 

DRPG, known as ChemCaper. 
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1.3 Rationale of the Study 

Although extensive research has been conducted on a myriad of pedagogical 

approaches on how best to educate the iGeneration with some positive results, it is 

unimaginable how students will be learning a decade from now with innovations in 

science technology growing at exponential rates. With numerous studies suggesting a 

need to revamp the curriculum to equip the next generation with 21st century skills 

(Fullan, 2013; Hattie, 2012; Kelly, McCain & Jukes, 2009, Papert & Markowsky, 

2013; Tapscott, 2009), new learning styles such as using DRPG in game-based 

learning should be given serious consideration as recent research have provided both 

theoretical and empirical support that children today live and breathe on digital 

games (Garris, Ahlers, & Driskell, 2002; Johnson et al., 2011; Levine, 2006; Rapini, 

2012; Rees, 2015; Rooney, 2012; Squire, 2011).  

From the experiences of the researcher as a Chemistry teacher and numerous 

discussions with parents and other Chemistry teachers (Choong, Oh, Renu, Tay, et 

al., personal communication, January – June, 2016; Wiggins, 2013; Wright, 2013), 

one common agreement that arises is the knowledge that students are inattentive, feel 

bored and have problems sitting for long hours daily in school learning. However, 

these very same students would suddenly come alive and be animated when someone 

pulls out a device with games or when digital games are being discussed (Choong, 

Oh, Renu, Tay, et al., personal communication, January – June, 2016; Hu, 2011).  

Moreover, these students are very quick to learn the game strategy and can 

explain extensively how to defeat a video game Boss (chief villain) in one sitting as 

well as remember all the ins and outs of these complex game effortlessly. These keen
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 observations on how students behave towards game have drawn the researcher into 

exploring how learning occurs through playing these games. Besides that from 

extensive readings, umpteen research (Barko & Sadler 2013; Chen, Wong & Wang, 

2014; Cheng, Lin & She, 2015; Devlin, 2011; Dominguez et al., 2016; Farber, 2015; 

Gazzard, 2011; Gee, 2003, 2007; Gillispie, Martin, & Parker, 2010; Hawkes-

Robinson, 2011; Prensky, 2001b, 2008; Robertson & Howells, 2008; Sedig, 2008; 

Squire, 2011; Tapscott, 2009; Tsai, Yu & Hsiao, 2012; Van Eck, 2006, 2015) have 

shown a link between motivation, cognitive achievement and digital game-based 

learning (DGBL) including digital role-play games (DRPG).  

Advocates of Digital Game Based Learning (DGBL) endorse using digital 

DRPG to inculcate skills important for the future, as it is in every way immersive, 

captivating and filled with the opportunity of learning through experience by 

completing a mission or challenge given in the game. In an extensive study 

conducted by the Federation of American Scientists, the Entertainment Software 

Association, and the National Science Foundation (2005), many skills such as 

planning, problem solving, being resourceful and creative thinking were inherent 

qualities in the game that were sought after by employers.  

1.3.1 The Future of Chemistry Education 

As leading researchers document proof that the iGeneration are wired 

differently, with toddlers mastering the use of an iPad effortlessly while adults 

struggle with the very same device (Christakis, 2014; Prensky, 2007; Rosen, Carrier 

& Cheever, 2010; Tapscott, 2009), the researcher believes that perhaps the learning 

of Chemistry using DRPG should not be age related as what is being practiced in the 
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current education curriculum. In fact, there is documented proof to substantiate the 

idea that students should advance in school based on skill and not age (Collins & 

Halverson, 2009; Horn, 2015), with Richard Williams, also known as Prince EA 

(Williams, 2016) producing a video to show that the education system has not 

changed in the last century and further questions the didactic teaching methods of 

today. Hence, if we are to embrace the future and move on with an open mind on 

how innovations can change our way of thinking, learning and living, then the shift 

from a didactic instructional model to a learner-centred model, focusing on the 

potential of learning to cut across age barriers using DGBL such as DRPG need to be 

implored and explored further to understand how it can capture interest, motivate and 

create satisfaction while providing both implicit and explicit learning to our young 

learners. This makes the researcher wonder how the education system will be like in 

the next few decades if such progressive changes were to happen. 

1.4 Aim of the Study 

As playing games can be taken to being akin to breathing for the iGeneration, 

the main aim of this study was to explore and investigate the reinvention of 

Chemistry learning by exploring how selected students who have not been formally 

introduced to Chemistry learning are able to learn Chemistry through the playing of a 

selected DRPG with minimum facilitation by the teacher. The selected DRPG is 

ChemCaper (refer to Definition of Terminologies), which is the first Chemistry 

adventure game in the games market. This study also aimed to investigate if learning 

can indeed occur based on skills and not age. 
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1.5 Research Objectives 

Based upon the problem statement of the research, the research objectives of 

this study were: 

1. To explore the motivation of the selected iGeneration students to learn

Chemistry using ChemCaper.

2. To evaluate the Chemistry learning attained by the selected iGeneration

students who have not been formally introduced to Chemistry curriculum after

playing ChemCaper.

3. To describe the ‘reinvention’ in Chemistry learning from playing ChemCaper.

As data was collected and analysed from the pilot study, the researcher found a 

need to tweak the online interactive quiz assessment and the focus group interview 

questions. In addition, an emerging research objective was also discovered and added 

to investigate the importance of scaffolds to support students’ development as 

posited by Hattie, 2009; Marzano, Pickering, and Pollock, 2001; and Sousa and 

Tomlinson, 2011. The fourth research objective added is: 

4. To investigate the importance of scaffolding for the selected iGeneration

students.

1.6 Research Questions 

1. How is the motivation of the selected iGeneration students in learning

Chemistry using ChemCaper?

2. What Chemistry knowledge has the selected iGeneration students attained after

playing ChemCaper?
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3. What is the ‘reinvention’ in Chemistry learning among the selected iGeneration

students when they learn Chemistry from playing ChemCaper?

From the emerging research objective added in the above section, the 

corresponding research question added is: 

4. How does the presence of scaffolds affect the dynamics of learning for the

selected iGeneration students?

1.7 Definition of Terminologies 

The following are the definitions of terms used in this study: 

1.7.1 iGeneration: 

This term refers to the Internet generation (also known as the Net Generation) 

and is a subset of the term digital natives, coined by Prensky (2001a). It is used to 

describe the generation of children who are highly connected to popular digital 

technologies, like the iPhone, iPad, iTunes, iTouch and so on. They are defined by 

their need to use media, communicate electronically and multitask with digital 

devices (Rosen, 2011). The iGeneration involved in this study is part of the sample 

population from Generation Z (children born from year 1996 to 2009), which will be 

limited to students aged 10 to 12 years old for the purpose of this study. 

1.7.2 Digital Role-Play Game (DRPG) 

Role-play games (RPG) are games where players assume the roles of fictional 

characters engaged in adventures. Players will take responsibility in acting out these 

characters. With the digitization of games, RPGs are now known as digital role-

playing game (DRPG). It is a genre of video game where the player controls a 
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fictional character (or characters) and goes on a quest in an imaginary world. As the 

RPG in this study is digital, hence both RPG and DRPG refer to the same thing. The 

DRPG selected in this study is ChemCaper. 

1.7.3 ChemCaper 

ChemCaper has been acknowledged as the first Chemistry DRPG in the world 

that introduces players to the foundations of Chemistry learning. It is a single player 

RPG, whereby the player controls a fictional character, called Roub (after the 

element Rubidium) on a mission. The mission involves fighting battles with alycons 

(monsters) and receiving rewards such as orbs (atoms), berries (potions), cards, spell 

books, points and gold. The rewards received are used to craft potions and make 

petticles to be more equipped when fighting the “Boss”. In the process of playing the 

game, the player learns to plan and strategize, besides learning about Chemistry. The 

components of Chemistry learning include tracing of apparatus, conducting physical 

separation techniques and chemical bonding. A detailed description of ChemCaper 

has been included in the methodology chapter. 

1.7.4 Chemistry Learning based on ChemCaper 

In this study, the Chemistry learning for students aged 10 years old to 12 years 

old is bound to the basic Chemistry content found in ChemCaper. The reason for this 

boundary lies in the fact that these students have no prior knowledge to Chemistry. 

Moreover, no Chemistry teaching will be conducted except for what they learn in the 

game. This means that all Chemistry learning by the participants occur from the 

game. The areas of Chemistry learning covered in this game include familiarizing 

with Chemistry terminology and apparatus, remembering some chemical symbols 

and formulae for elements and compounds, practicing to observe certain physical 
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processes in Chemistry through experiments, exploring and explaining basic 

chemical bonding, practicing scientific thinking such as collecting, evaluating, 

analysing and applying information and also practicing to understand and explain 

chemistry phenomenon in nature. 

1.7.5 Motivation 

Motivation is defined as the internal state that provides the energy and directs 

our attention and focus towards achieving certain goals (Krapp, 1999). According to 

Pintrich (2003), motivation towards learning may arise from intrinsic or extrinsic 

factors. Extrinsic motivation can arise from factors such as praise, rewards, 

encouragement and support while contributors to intrinsic motivation include 

determination, self-efficacy, confidence and even interest.  

As Dewey (1913) saw interest as the main motivating factor in learning and 

Krapp (1999) defined interest as the special relation between a person and a specific 

content domain or area of knowledge. Hence, situational interest is investigated 

under the umbrella of exploring motivation in this research study. Situational interest 

is defined as interest that arises spontaneously due to environmental factors such as 

task instructions or an engaging game (Schraw, Flowerday & Lehman, 2001). 

Situational interest leads to interest-oriented engagement, which is an intrinsic 

motivational force for the player in a digital game. Feelings to show interest include 

joy, pleasant tension, or total immersion in the activity in the sense of 

Csikszentmihalyi's "flow" experience (1990). According to Csikszentmihalyi, “flow 

experience” is an optimal experience of feeling deep enjoyment and exhilaration as a 

result of an activity that engages a person completely to the point that time and 

emotional problem cease to exist. The characteristics of “flow experience” include 
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feeling alert, in effortless control, strong, unselfconscious and at the peak of their 

abilities. The flow experience will be described in the present study. 

1.7.6 Reinventing Chemistry Learning 

The reinvention of Chemistry learning for this study looks at how students 

learn Chemistry through non-conventional pedagogy using a DRPG. Chemistry 

learning takes a different approach, as students are not subjected to structured 

classroom mode of learning. 

1.8 Significance of the Study 

This study started out with the intention of providing a greater understanding 

about how the iGeneration students learn while playing digital games especially with 

the vast amount of time these children spend on digital games. Results collected have 

not disappointed the researcher as rich data collected indicated that the iGeneration is 

wired differently as their learnin style are completely unconventional. Hence, this 

research can be a possible small stepping stone for future research especially in 

Malaysia to understand the learning styles and needs of the iGeneration and to help 

them use their gaming time in a more structured manner to maximize learning while 

gaming.  

As this study using DRPG in education is a first of its kind to be conducted in 

Malaysia, the results will also provide a better insight to teachers and educators on 

the learning styles of this future generation and what motivates them to learn. With 

the insight gained, it is hoped that teachers will change their approach of educating 

the next generation in line with the learning styles, not just in the subject of 
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Chemistry specifically but in education as a whole in order to draw students back 

towards the love of learning Chemistry and perhaps the other Sciences too. 

ChemCaper may also be considered as an option in play-based learning. 

Results from this study also showed that students can learn based on skills and 

not age, especially with the use of technology. Therefore, these results could be used 

to assess whether education and the knowledge of Chemistry can be introduced 

based on skills and not age. Another significance of this study would be the 

possibility of introducing Chemistry learning and eventually other subjects to 

younger students through situated learning with the use of technology like DRPG. 

Obtaining local empirical statistics to explore the use of DRPG in Science education 

can be used as a springboard to conduct further research into education based on 

skills. In conclusion, the Ministry of Education, State Educational Department and 

District Educational Office can use the results of this study to conduct further 

research into the possibility of revamping and reinventing their curriculum for the 

21st Century learner. 

Finally, the findings of this study might put to rest the fear of parents that their 

child might be wasting precious time on digital games. Hopefully, parents might 

have no qualms to allow their child to play digital games with educational content for 

hours on end in the future as these children are growing in an era where the world 

has gone digital. However, that being said, this game has shown the importance of 

having teachers as facilitators to guide and motivate students along the right path of 

learning. 
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1.9 Limitation of the Study 

This study would have actually benefitted from a larger sample of participants. 

However, due to the negative perception of digital games being a waste of time and 

energy, feedback from interested students showed that many parents were 

apprehensive to allow their child to participate in this study. Moreover, due to the 

young age of the participants, it was difficult to obtain parental consent, as parents 

wanted to be sure their child would actually benefit from participating in the study. 

This resulted in many disappointed students who were not allowed to participate in 

this study due to parental non-consent. 

Another limitation to this study was the fact that many students could not 

commit to a two week long research period as students were required to stay back 

after school hours everyday for at least an hour. Many students were also loaded with 

after school activities, including tuitions and were unable to join due to their hectic 

schedule. To ensure that this limitation did not hinder the results of this study, 

multiple sources of data were collected for triangulation in this qualitative study. 

1.10 Chapter Summary 

Our world has evolved into one where technology has become an integral part 

of our daily life. This generation that was born in the 21st century knows nothing 

else but to use technology in their every waking and even sleeping moment. Hence, 

this reliance on technology has brought forth a generation that has lost its interest in 
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the traditional pedagogical methods. In addition, there has been a steady decline in 

interest towards Science in general and Chemistry in particular. Besides that, 

industry players and educationist predict that the current curriculum will not be able 

to equip the next generation to fill the jobs available in the future. With all these 

concerns to consider, researchers have been looking at how technological 

advancements can hold the interest of students and keep them motivated to learn, 

while providing them with 21st century skills to thrive in the future.  The solution 

seems to point towards bringing education to the place where students spend most of 

their time on, and that is digital games and numerous studies have been conducted to 

show theoretical and empirical support on the benefits of digital games in education. 

With this in mind, the researcher sought to investigate how ChemCaper, which 

was developed to be the first Chemistry DRPG to cater for the needs of the 

iGeneration could reinvent Chemistry learning. Hence, it would be interesting to 

study the effect of this game on the selected iGeneration students. Another aspect 

that should be noted is the ability of younger children to master digital games 

effortlessly. As research shows that these younger iGeneration children are wired 

differently, it would be interesting to understand how they learn from playing digital 

games and explore the possibility of ChemCaper, the selected DRPG cutting across 

age in its ability to deliver both implicit and explicit learning of Chemistry. 

A detailed literature review given in chapter two suggests the need to change 

our approach in educating the next generation while chapter three mapped out the 

concepts of this research study and the underpinning theories in educating the 

iGeneration differently. Chapter four gives a detailed account on how this study was
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 conducted and the data collected to investigate the research problems. The findings 

and analysis of the research discussed in chapter five attempts to answer the research 

questions posed. Finally the conclusion and implications of the study is presented in 

chapter six. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

In a world that has gone digital, technology has impacted every aspect of life. 

All these point to the fact that the world is evolving at an exponential rate and yet, 

education especially in Malaysia seem to be moving at snail’s pace. This gap could 

be the reason why students are bored and disinterested in the classroom. With world 

reports stating that daily media use among children have increased dramatically to 

over 7 ½ hours on various digital media while reading remains at only 25 minutes 

daily (Kaiser Family Foundation, 2010), it is evident that the current didactic 

educational methods will not interest and motivate the iGeneration into learning and 

eventually equip them in the future work force. That being said, educators must tread 

carefully to ensure learning is optimized in the medium that appeals most to the 

iGeneration. 

2.2 21st Century Education and the iGeneration 

2.2.1 The Requirements of 21st Century Education 

We are living in the 21st century, a world that is growing at an exponential rate. 

The digital universe has grown by 1000% in the last 5 years and according to a 

survey conducted by EF Explore America (15 March, 2012), many of the top jobs in 
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2012 did not exist 10 years ago. This exponential growth is affecting the global 

economy considerably especially the service sector that is globally interconnected 

and constantly emerging as these industries have less centralized decision-making 

process and depend heavily on information sharing, team networking and flexible 

working arrangements.  

The United States Department of Education Office of Planning Evaluation and 

Policy Development (2010) states that students need to have a well-rounded 

education in order to contribute as citizens and to thrive in a global economy. In 

order to meet these needs, various well known educational institutions (American 

Association of Colleges for Teacher Education, AACTE, 2010; International Society 

for Technology in Education, ISTE, 2007; National Council for Accreditation of 

Teacher Education, NCATE, 2008; Partnership for 21st Century Skills, P21, 2009) 

have compiled their individual guidelines with a list of skills needed by students to 

succeed in this global economy. Although some discrepancies exist among the 

institutions (Table 2.1), common skills that all institutions agree students require 

include creativity and innovation, communication and collaboration, critical thinking 

and problem solving besides having initiative. Other skill that AACTE (2010) and 

P21 (2009) agreed upon include having flexibility and self-direction besides the core 

skills required to meet the needs of the future workforce. In addition, students also 

need to use technology effectively and be conversant with digital tools and 

technology such as computers and software, mobile phones, online communication 

to thrive (AACTE, 2010; P21, 2009; Williams, Foulger & Wetzel, 2010). The 

Committee on Workforce Needs in Information Technology (2001) adds developing 

students’ cognitive abilities of logical thinking, problem solving, analysis, careful 

observation, and data management to the list of needed skills. Other more specific 
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skills such as decoding, ICT (Information and communication technologies) and 

media literacy as well as creating content through a variety of media would also 

provide the extra edge (Burkhardt & Schoenfeld, 2003; Kist, 2003). 

Table 2.1 
21st Century skills needed by four major educational institutions 

AACTE ISTE P21 NCATE 
Creativity & 
innovation 

Creativity & 
innovation 

Creativity & 
innovation 

Creativity & 
innovation 

Depending on 
information 
sharing & team 
networking 

Communication & 
Collaboration 

Communicate & 
collaborate 

Communication & 
collaboration 

Research & 
Information 
Literacy 

Find information 
quickly 

Critical thinking Critical thinking & 
problem solving 

Critical thinking 

Solve problems 

Critical thinking 

Problem solving 
Digital citizenship Cross-cultural 

skills 
Technology 
concepts 

Use technology 
effectively 

Self-direction Self-direction  

Having initiative 

Having initiative 

Flexible working 
arrangements 

Being flexible 

Adaptable 

Life and career 
skills such as 
flexibility 

Decision making Leadership & 
responsibility 

Leadership 

As the education needs for the 21st century learner evolve, so must the roles of 

teachers to meet the needs of their student. No longer would the traditional role of 

planning and delivering instruction, assessing student learning and managing 

classroom be sufficient. To prepare our future generation, significant changes in the 

teaching and learning practices are also needed, whereby the roles of teachers must 
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evolve to become innovators, mentors, entrepreneurs, motivators and illuminators to 

prepare students with 21st century educational skills which include creativity, 

problem solving, cultural awareness, innovation, communication, productivity, 

leadership traits, responsibility and accountability.  

One crucial factor that teachers need is to widen their knowledge base to 

include the ability to use technology as the central role in their pedagogy to create an 

active classroom for students. In other words, teachers need to be effective 

technology designers as the emphasis on teachers’ technological-pedagogical content 

knowledge (TPACK) is becoming imperative. Teachers also need to be effective 

facilitators to provide scaffolding to support students’ development; instructors and 

motivator to design, deliver and motivate students who learn in various ways and at 

different rates (Hattie, 2009; Marzano, Pickering, & Pollock, 2001; Sousa & 

Tomlinson, 2011). Furthermore, Kingsley and Unger (2008) felt that teachers need 

time to reflect on giving up some aspects of their authority in the classroom, and 

envision the educational possibilities that the new literacies create. 

2.3 Welcome to the iGeneration 

According to Tolbize (2008), when members of a group are born and living at 

about the same time, they share significant life experiences that influence their 

thoughts, values and behaviours at critical developmental stages. Hence, they would 

be classified into the same generation. Grouping into age cohorts gives researchers a 

way to understand how different formative experiences interact with the life-cycle 

and aging process to shape people’s view of the world (The Pew Research Center, 3 

September, 2015). In the past, generations are defined biologically based on a span 
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of around 20-25 years, which is the average age between the birth of parents and the 

birth of their offspring. However, two decades is considered too broad a generational 

span today as cohorts are changing so quickly in response to new technologies, 

changing career and study options and shifting societal values (McCrindle, 2011). So 

today, generations are better defined sociologically based on social markers such as 

values, beliefs, life style, conditions and technology, besides events and experiences 

that cut through global, cultural and socioeconomic boundaries. In other words, 

boundaries are no longer drawn by birth cohorts but more on how social media and 

online technologies have influenced a young generation that assesses the same 

websites, watches the same movies, downloads the same songs and are being 

influenced by the same cultures and brands. 

Although there appears to be variations on the exact timeline when a 

generation ceases and another generation begins, one common consensus among 

generational experts are the characteristics of each generation. One renowned 

authority that best describes the characteristics of each generation is McCrindle 

(2011) in his book entitled “Generations Defined. The ABC of XYZ”.  Based on his 

research, McCrindle has classified the generations into Builders (pre-1945), Boomers 

(1945 – 1964), Generation X (1965 – 1979), Generation Y (1980 – 1994) and 

Generation Z (1995 onwards). In September, 2013, the Barclays, UK commissioned 

Dr. Paul Redmond, another leading expert in generational theory to conduct both 

quantitative and qualitative research to understand the characteristics and 

fundamental needs of each generation, and how to meet the needs their needs better. 

From a report produced by Barclays (2013), chart 1 shows an overview of the 

working generations. In this chart, Builders is also known as Maturists. 
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Figure 2.1: An overview of the working generations. Retrieved from a summary of 
talking about my generations: Exploring the benefits engagement 
challenge by Barclays, 2013 

With the rapid development of technology and the influence of Internet, the 

characteristics of generation Y have been stretched past 1999 and blurred. Don 

Tapscott uses the name Millenials for this generation due to the impact of Internet in 

their lives. Based on a more recent finding of another researcher, Larry D. Rosen 

(2011), a separate generation has been discovered, known as the iGeneration. The “i” 

represents the types of mobile technologies such as the iPhone, iPod, Wii, iTunes and 

also the fact that these technologies are mostly “individualized” in the way they are 

used. This new generation encompasses children and teens born in the new 

millennium and are defined by their use of technology and media as well as their 

love of electronic communication and need to multitask. Studies conducted by the 

George Marshall Applied Cognition Laboratory (Rosen, 2011) shows the 
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iGeneration spending almost all of their waking hours on media and technology 

prompting Rosen (2011) to suggest that education needs to be ‘rewired’ to cater for 

them. 

2.3.1 Challenges Faced by the iGeneration 

Results from extensive research conducted by Kaiser Family Foundation 

(2010), Pew Internet & American Life Project and Rosen (2011) show similar 

findings, which include children and teens spending nearly all their waking hours 

using media and technology. It must be noted that the list of media used include 

watching TV, listening to music, using social network sites and playing video games. 

The Kaiser Family Foundation collected comprehensive data on the amount and 

nature of different media use consumed from 8 to 18 year olds in 1999, 2004 and 

2010. Key findings show an increase from an average of six and a half hours a day in 

2004 to eight and a half hours a day in 2010. The use of every type of media has 

increased over the past 10 years except reading, which actually decreased. This 

transformation is aided by the revolution of mobile and online technology, increasing 

the opportunity for teens and tweens to consume media at every waking moment. 

One not so startling finding from this study showed almost half of the heavy users of 

media (usually consuming more than 16 hours on a typical day) getting fair or poor 

grades (mostly C’s or lower). These children also indicate they are often bored or 

unhappy or sad. In a national survey to view teachers’ perceptions on the use of 

entertainment media on their students’ performance (Common Sense Research 

Study, 2012), 71% felt media use has hurt students’ attention span, 58% say it has 

affected their students’ writing skills and 48% think students neglect doing their 

homework due to time spent on media.  

Univ
ers

iti 
Mala

ya



27 

A study conducted by the Organisation for Economic Co-operation and 

Development (OECD) on OECD countries like United States, Canada, Australia, 

Japan, South Korea and European countries, students showed low interest in science 

and technology among secondary school students (OECD, 2007; Sjøberg and 

Schreiner 2005a). In another large international study, the Relevance of Science 

Education (ROSE) survey, found a similar pattern, with students from industrialised 

countries, such as Denmark and Norway, scoring lower on interest in science 

education (Sjøberg and Schreiner 2005b). In an analysis of the ROSE data, Sjøberg 

and Schreiner (2005b) found a strong correlation (−0.85) between an aggregate score 

for interest in science and the state of development of the country as measured by the 

United Nations Development Index. Hence, there is little wonder when scores from 

international tests such as the Programme for International Student Assessment 

(PISA) show students from the United States performing poorly in the 2010 

assessment. 

According to Osborne, Simon and Collins, (2003), the gradual decline in 

interest towards science over the last 20 to 30 years is cause for concern to 

policymakers as the scientific literacy of their population will affect the country’s 

science and technology, which inadvertently will affect the nation’s economy. On the 

same vein, Bill Gates (2005) highlighted that “training the workforce of tomorrow 

with the high schools of today is like trying to teach kids about today’s computers on 

a 50-year-old mainframe. It’s the wrong tool for the times.” 

It is evident there is a growing discrepancy between current educational 

outcomes and the skills set needed to succeed in our increasingly complex world that 

is highly dependent on technology. As learning skills today go beyond what student 
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needs to learn but how and when they learn, it is imperative to understand the role of 

digital media in the lives of these students in order for educators to proactively find 

ways using media to reach out, engage and educate the iGeneration. Even so, 

conflicting views occur between teachers and students in America with only 46% of 

teachers saying their homework require technology while 94% of students say they 

use technology to do homework. To bridge this gap, teachers must keep up with 

technology and the learning styles of students to meet the requirements of the 21st 

Century education. 

2.3.2 Chemistry Content Among Upper Primary Students in Malaysia 

Chemistry is commonly known as the central of science. It is one of the most 

important branches of science that enables learners to understand the phenomena that 

occurs around them. It is normally taught as a separate subject in secondary or high 

school in many countries but in Malaysia, Chemistry is integrated with Physics and 

Biology and taught as general science to the lower secondary students. Chemistry 

learning will only be offered as an elective subject in upper secondary level. 

At the lower secondary level, students are introduced to general Chemistry 

when learning Science. The Chemistry content becomes more detailed and in-depth 

when Chemistry is taught again in upper secondary level. For example, students in 

Form One will learn about the properties of solid, liquid and gas when they learn 

about ‘Matter’. In upper secondary level, they will understand more about the 

characteristics of the particles in solid, liquid and gas as they connect the 

macroscopic with microscopic and symbolic when they learn about matter again.  
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Based on the spiral curriculum theory, the learning of Chemistry takes on an 

even more general approach in upper primary level. For example, while students in 

the upper secondary explain ‘Matter’ using the particulate and kinetic theory, 

students in lower secondary learn about the characteristics of matter such as mass, 

volume, shape, density in each state. Students in upper primary on the hand are 

taught basic concepts like matter exists in three states. They are also taught to 

identify and give simple examples of these three states of matter, while changes in 

states of matter are limited to using water as an example. In other words, the learning 

of Chemistry at this level is very minimal and general. Other areas of Chemistry 

learning covered include basic knowledge of acid, alkaline and neutral substances, 

understanding the characteristics of spoilt food, factors that cause food spoilage and 

types of food preservation. A special section is also included on basic waste 

management and the effects of improper waste disposal.  

At the primary level, students are not exposed to basic chemical symbols and 

most physical separation techniques taught in Chemistry. They have not also been 

taught about basic chemical bonding as these topics will only be taught at the 

secondary level.  

2.3.3 Challenges in Learning Chemistry 

It is a known fact that Chemistry curricula are filled with complex and abstract 

concepts needed for further learning in both chemistry and other sciences (Taber, 

2002). These abstract concepts are important because further chemistry/science 

concepts or theories cannot be easily understood if these underpinning concepts are 

not sufficiently grasped by the student (Zoller, 1990; Nakhleh, 1992; Ayas & 

Demirbaş, 1997; Coll & Treagust, 2001a; Nicoll, 2001). The abstract nature of 
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chemistry along with other content learning difficulties (e.g. the mathematical nature 

of much chemistry) means that chemistry classes require a high-level skill set 

(Fensham, 1988; Zoller, 1990; Taber, 2002).  

Numerous studies have been conducted to investigate the reasons why students 

find learning Chemistry difficult. A number of studies cite language as the issue 

(Johnstone & Cassels, 1978; Cassels & Johnstone, 1983; Byrne, Johnstone & Pope, 

1994). For many students, the subject itself is perceived to be difficult, abstract, 

complex and requiring special intellectual talents to understand (Ben-Zvi, Eylon & 

Silberstein, 1987; Gabel, 1999; Johnstone, 1991; Nakhleh, 1992). There is also a 

perception that chemistry is boring and relies on making sense of the “invisible and 

untouchable” (Aikenhead, 2003; Kozma & Russel, 1997). 

One of the essential characteristics of chemistry is the constant need to connect 

between the macroscopic and microscopic levels of thought, and it is this aspect of 

chemistry learning that represents a significant challenge to novices (Bradley & 

Brand, 1985). Topics that students found difficult in Chemistry included the mole, 

chemical formulae and equations, and, in organic chemistry, condensations and 

hydrolysis. Reports by Johnstone (1974) found that these areas of problem usually 

persisted well into university education. Although rote learning often helps students 

overcome their lack of comprehension, real understanding demands the bringing 

together of conceptual understanding in a meaningful way. Thus, while students 

show some evidence of learning and understanding in examination papers, 

researchers find evidence of misconceptions at various levels in certain areas of basic 

chemistry, which are still not understood even at degree-level (Johnstone, 1984; 

Bodner, 1991). In other words, what is taught is not always what is learned. 
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The perception that Chemistry is a difficult subject often repels learners from 

continuing with studies in Chemistry. In view of the hindrances that learners 

perceive in learning Chemistry, it is common knowledge that the interest towards 

studying science in general and chemistry in particular has decreased the world over 

(Childs & Sheehan, 2009; Farhana & Zainun, 2013; Johnstone, 2000; Osborne & 

Collins, 2000). 

In Malaysia, the Ministry of Science, Technology and Innovation (MOSTI, 

2008) revealed that only 44.9% of Malaysians are interested in new science 

inventions and discoveries compared to 87.0% of Americans and 78.0% of 

Europeans. In a more recent study, Martin, Mullis, Foy and Stanco (2012) 

discovered that only 55% of Malaysian students had limited prior knowledge in 

science. 

In recent years, the ability of Malaysian students compared to students of other 

nations, in the cognitive domain (knowledge, application and reasoning) is below the 

TIMSS minimum score. For the knowledge attainment component, majority of the 

Malaysian students achieve the average benchmark score (n=457). While only 3 

percent of Malaysia students are able to demonstrate deep conceptual understanding 

of certain complex and abstract concepts. Ability to apply scientific knowledge 

effectively and meaningfully requires deep reasoning. It was found that students lack 

the skills of making generalizations and constructing hypothesis.  

With respect to science education, many educators have indicated that teaching 

students to apply scientific knowledge so that thinking and problem solving skills 

can be nurtured and cultivated should be a significant goal of science instruction 

(Chiappetta & Russell, 1982; Zeidler, Lederman, & Taylor, 1992; Zohar & Tamir, 
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1993). Thus, science educators must continually strive to create a conducive learning 

environment that enhances critical thinking and problem solving skills. 

2.4 Importance of Attitude Towards Chemistry- Motivation 

Educational psychologists have long been conducting studies to analyse how 

learning and achievement are influenced by attitudes and motivation, which are 

connected with individual and situational interest (Krapp, 1999).  Numerous studies 

have supported the fact that interests were the most important motivational factors in 

learning and development (Dewey, 1913; Thorndike, 1935; Krapp, Hidi, & 

Renninger, 1992). According to Garner (1992) and Alexander and Jetton (1996), 

interest has been found to determine in part what we choose to learn, and how well 

we learn this information. Social influences may play an important role in 

stimulating interest and this includes interaction with friends (peers) and teachers 

that provide guidance and encouragement. Interest can manifest itself in several 

ways, including being alert, focused, attentive, excited, actively engaged, responsive, 

and learning more than one would otherwise learn. Interest affects the use of specific 

learning strategies, our emotional engagement and how we allocate our attention 

(Hidi 1990; Schraw, Bruning & Svoboda, 1995). Kpolovie, Joe and Okoto  (2014) 

discovered that having interest in learning leads towards positive attitudes in school, 

like academic achievement, are important outcomes of science education in 

secondary school. The development of students' positive attitudes towards science is 

one of the major responsibilities of every science teacher. Unfortunately, research 

has revealed that much of what goes on in science classrooms is not particularly 

attractive to students across all ages (Stark & Gray, 1999). 
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It is important to develop students' positive attitudes to science lessons in 

school due to two main reasons. Research has confirmed that attitudes are linked 

with academic achievement. For example, Weinburgh's (1995) meta-analysis of 

research concluded that the correlation between attitude toward science and 

achievement is 0.50 for boys and 0.55 for girls, indicating that attitude can account 

for 25–30% of the variance in achievement. 

Using a posttest-only control group design, Freedman (1997) found that the 

correlation between attitude toward science and achievement was 0.41 in the 

treatment group. Salta and Tzougraki (2004) reported that the correlation between 

high school students' achievement in chemistry and their attitudes toward chemistry 

ranged from 0.24 to 0.41. Bennett, Green, Rollnick and White (2001) also discovered 

that undergraduate students who had a less positive attitude to chemistry almost 

invariably obtained lower examination marks. 

Another reason why it is important to develop students' positive attitudes 

toward science lessons taught in school is that attitudes predict behaviours and 

inevitably interest (Glasman & Albarracín, 2006; Kelly 1988). For example, Kelly 

(1988) found that British students' liking for a particular science subject was a good 

predictor of their actual choice of physics, chemistry, or biology in schools. In 

another study presented by Hofstein and Mamlok-Naaman (2011), the most effective 

factor contributing to students’ motivation and decision to study science was their 

interest in the subject. In addition, it was discovered that the use of technology had a 

positive impact towards the attitude and motivation in learning Chemistry (Berg, 

2005; Cai, Wang & Chiang, 2014; Di Serio, Ibanez, & Kloos, 2013).  
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In Malaysia, substantial investment have been spent on technology, but the use 

of technology in classrooms remain limited with Zakaria and Iksan (2007) 

identifying two pedagogical limitations as the major shortcomings in traditional 

secondary education: lecture-based instruction and teacher-centred instruction. 

Lecture-based instruction emphasized the passive and superficial attainment of 

knowledge (Bransford, Brown, & Cocking, 2000). In such an environment, students 

become passive recipients of knowledge and resort to rote learning. The majority of 

work involved “teacher-talk” using either a lecture technique or a simple question 

and answer that demand basic recall of knowledge from the learners. Lecture based 

instruction dominates classroom activity with the teacher delivering well over 80% 

of the talk in most classrooms. These pedagogical limitations attribute for much of 

the disinterest in learning Chemistry as it fails to stimulate student motivation, 

enthusiasm and confidence (Weimer, 2002).  Over the past two decades, there is a 

growing body that recognizes the advantages of student-centred instructional 

technologies, allowing active learning among students (American Association for the 

Advancement of Science, 1989; Bransford, Brown, & Cocking, 2000; Handelsman, 

2004, Handelsman, Miller, & Pfund, 2007; National Research Council, 1999, 2007; 

Project Kaleidoscope, 2006) This approach leads to increased interest and 

motivation, thus promoting meaningful learning, problem solving and critical 

thinking, which increased learning outcomes (Freeman et al., 2007; Knight & Wood, 

2005; Marbach-Ad, Seal, & Sokolove, 2001; Preszler et al., 2007; Prince, 2004; 

Udovic et al., 2002). 
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2.5 Situated Learning - The Theories Behind Digital Game Based Learning 

The definition of learning has been a topic of debate by educational 

psychologist and but many agree that learning is a process of acquiring new or 

modifying existing knowledge, behaviours, skills, values or expertise and leads to a 

change in behaviour (Dewey, 1944; Lawton, Saunders & Muhs, 1980; Piaget, 1971; 

Thorndike, 1935; Vygotsky, 1978). In the past, rote learning had been the main 

advocate for learning. Although it helps the learner to recall basic facts quickly, 

Dewey (1944) firmly believed that rote learning should not be the primary focus of 

education. In today’s world, the need to memorize facts is quickly losing ground as 

information is no longer restricted to the pages of a book and assessable only from 

bookshelves, but available instantly at the touch of a screen. Moreover studies have 

shown that learners are able to recall information and apply the knowledge learnt 

better when learning becomes meaningful. According to Ausubel as cited by Lawton, 

Saunders and Muhs (1980), meaningful learning encourages learners to build their 

cognitive skills to evaluate, analyse, compare and remember facts they obtain. Hence 

in order to achieve meaningful learning, active participation is needed to constantly 

construct and integrate new knowledge with prior knowledge. McLeod (2008) 

mentions that according to Jerome Bruner students discover and construct new ideas 

when they participate actively in the learning process. The features of digital games 

allow both implicit and explicit learning to occur through all three modes of 

representation described by Bruner as students intuitively navigate through the game.  

Another educational psychologist who supports the idea of active participation to 

constantly construct knowledge is Jean Piaget. However, according to Papalia, Olds, 

and Feldman, (2011), Piaget posits that development precedes learning and learning 

only happens when a child has reached the requisite stage. In addition, Piaget 
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mentions that each child constructs knowledge independently without the need for 

social interaction or guided participation. 

In contrast, Vygotsky believes that ‘no man is an island’ and active 

participation within the social community helps in the construction of knowledge in a 

child. In Vygotsky’s theory (as written by McLeod, 2014), social interaction is the 

core of a child’s cognitive development whereby he believes that learning precedes 

development. He further argues that the cognitive development of a child results 

from the guidance of a more knowledgeable person, be it an adult or peer. In 

addition, Vygotsky believed that true education is not limited to learning specific 

knowledge or skills but the development of the child’s learning abilities to think 

clearly and creatively, plan and implement their plans and articulate their 

understanding in a variety of ways. The key to achieving this ability is by using a 

variety of psychological tools to extend our mental abilities. These tools include 

signs, symbols, maps, plans, numbers, musical notation, charts, models, pictures and 

most importantly language, which are common tools in most digital games today. 

The use of these tools leads to the development of new psychological abilities and in 

turn the blooming of a child’s personality.  

Vygotsky also believed the role of a teacher in education is crucial, not only in 

developing the child’s learning ability but also reaching the child’s zone of proximal 

development (ZPD). Vygotsky describes ZPD as the distance between one’s actual 

development achieved by oneself and one’s potential future development through the 

assistance of the expert or more skillful peers.  In his last lecture, Play and Its Role in 

the Mental Development of the Child, Vygotsky (1967) emphasized the importance 

of play during the formative years whereby play also creates the ZPD of the child. 
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The benefit of learning during playtime is maximized when facilitated by a teacher. 

Teacher intervention can come in many forms such as assistance in problem solving, 

redirecting inappropriate behaviour, posing questions to stimulate thinking and 

creating interest and motivation to play, and is necessary to provide the scaffolding 

to achieve the child’s ZPD.  

The theories put forth by Vygotsky is supported by Squire, Barnett, Grant, and 

Higginbotham (2004) in their study, whereby students who played a computer game 

in physics called “Supercharged” were able to conceptualize and recall experiences 

to problem solve better than students from the control group who relied mainly on 

their ability to memorize information. These initial findings suggest that digital 

games afford instructional tools and context to represent concepts required to elicit 

thinking and promote creativity in players. In addition, the study acknowledges the 

need for teachers to provide guidance and scaffolding for students to achieve their 

ZPD. In this instance, teachers were needed to monitor the learning outcomes of 

players, provide structure for more focused play and learning in the form of 

prompting deeper reflection on the game and encouraging students to interpret the 

events happening. More recent studies conducted by Beckett (2013) and Loukomies 

et al. (2013) also supports the fact that teachers still play a crucial role in a child’s 

educational development. Finally, findings from the study conducted by the 

researcher also supports Vygotsky’s cognitive development theory as results from 

this study revealed that students who had teacher intervention showed higher 

attainment of Chemistry learning from qualitative results compared to the pilot study. 

These findings are discussed under Findings and Discussion, Chapter 5. 
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A more recent learning theory that is related to Vygotsky’s idea of learning 

through social development is the Situated Learning Theory (Lave & Wenger, 1991). 

This theory posits that learning is unintentional and situated within an authentic, 

context and culture. Proponents of situated learning believe that the learning style of 

the iGeneration leans towards acquiring knowledge unintentionally through the 

experiences they encounter from the games played. Randy Pausch (2007) termed this 

learning method as “head fake” in his last lecture in Carnegie Mellon University. The 

researcher concurs with Pausch as she observed how implicit learning of Chemistry 

occurs among the students during game-play. In other words, students thought they 

were playing a game and were unaware that they were actually learning Chemistry. 

These implicit learning were later manifested into explicit learning of Chemistry 

with the aid of scaffolds, which included teachers as facilitators. 

These findings support Gee’s (2003) argument that situated learning provides 

deep learning, which involves activity and experience. He extrapolates that when a 

learner treats knowledge first and foremost as activity, the facts and information 

which normally requires memorization and rote learning will follow if the learner 

becomes immersed in the activities and experiences which use these facts within a 

coherent knowledge domain (Gee, 2004; Shaffer, 2004). It is crucial to note that for 

deep learning to occur, there must be a merger between allowing the learner to 

engage in the domain’s activity as well as providing sufficient scaffolding to ensure 

learning becomes meaningful (Gee, 2004; Pausch, 2007; Squire, Barnett, Grant, & 

Higginbotham, 2004). 
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2.6 The Role of Play in Learning 

It is an undeniable fact that children learn best in an environment that allows 

them to explore, discover and play (Dewey, 1944; Froebel, 1887; Fromberg & Gullo, 

1992; Frost, 1992; Hirsh-Pasek, Golinkoff, & Eyer, 2003: Hirsh-Pasek et al., 2009; 

Huizinga, 1955; Piaget, 1971; Vygotsky, 1978). Early theorist such as Rousseau, 

Froebel and Dewey have been advocates of play based learning in early childhood 

and they believe that children learn naturally from play. Children are believed to be 

co-constructors of their learning and active participants in shaping their learning 

process.  

Play is considered an integral part of a child’s development with Frost (1992) 

concurring that play allows for the development of imagination, intelligence, 

language, social skills and perceptual-motor abilities in infants and young children. 

Fromberg and Gullo (1992) further concludes that play has been proven to develop 

the creativity, imagination, thinking skills as well as the social and language 

competency of a child.  

According to Vygotsky (1978), the greatest achievements attained from a 

child’s play may become her basic level of real-life action. When children play, their 

state of mind and body language changes to a state that allows conducive learning to 

occur as they become engaged, participative and interested. Their minds are 

activated and challenged and they are willing to try out new ideas, experiment with 

their surroundings, test concepts, explore and take risk without the fear of failure. 

Besides that, the lack of pressure during playful learning allows the child to try again 

and again, explore new ideas and let their imaginations take charge, leading to 

significant development in a child’s intellectual, social, emotional and physical state.  
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It is proven that play fosters engagement, stimulate the sensory organs and 

allow the learner to build content knowledge, creative thinking, problem solving 

skills as well as enhance memory retention (Christie & Rosko, 2015; Cooper et al., 

2009; Dickinson & Tabors, 2001; Ginsburg, Lee, & Boyd, 2008; Weiland & 

Yoshikawa, 2013). Through play, children learn to communicate, tolerate each other, 

build friendship and have empathy as they take another’s perspective into 

consideration, thus allowing their social skills to develop. (Project Zero & Reggio 

Children, 2001; Mraz, Porcelli, & Tyler, 2016). When children play, they engage in 

activities that require them to listen, pay attention, control their impulses and self-

regulate as they learn to follow rules. These tasks help children to develop emotional 

competencies (Berk, Mann, & Ogan, 2006; Elias & Berk, 2002).  

In our current generation, it is noted that children are no longer interested in the 

didactic method of instructional technology and it is opined the education system 

need to move on to catch up with the interest and motivation of students to learn. In 

recent years, the exponential growth of digital technology has caused children to 

form such a close bond towards playing digital games.  

2.7 Digital Game Based Learning in Education 

With the advancement in digital technologies, it is only natural that educational 

researches have shifted towards the use of digital games in education with DGBL 

research championing the cause to meet the needs of our millennial generation. In 

their academic textbook on game design, Rules of Play: Game Design Fundamentals, 

Salen and Zimmerman (2004) state, "the goal of successful game design is the 

creation of meaningful play". Meaningful play is not obligatory or forced and comes 
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as a result of full interest and attention from the players. The use of digital games for 

educational purposes have been around for some time (Levine, 2006) and in recent 

times they have attracted increasing interest among educators due to the exponential 

rise of digital gaming in popular culture, and claims regarding the potential of games 

for facilitating engagement, motivation and student-centred learning. Such claims 

have led to the coinage of the term “serious games”: a term used to describe games 

that do not have entertainment, enjoyment or fun as the primary purpose (Michael & 

Chen, 2005). These games are used in teaching and training in various field like the 

military, healthcare, engineering, city planning, corporate, media, advertising and 

education (Laamarti, Eid & El Saddik, 2014).  

It is undeniable that digital games have become pervasive among all teens with 

Pew Research Center (2015) citing 72% of all teens in the United States playing 

videogames. Gaming has become an important activity, through which friendships 

are formed and maintained, and findings like these are not novel as Entertainment 

Software Association, (2006) discovered 69% of American households play 

computer and videogames a decade ago. Constructivist educators realize that the 

only way to catch hold of the iGeneration interests is through the media they spend 

most of their time on and the advancement of digital games in education led to 

Prensky (2007) using the term Digital Game Based Learning (DGBL) in his book 

with the same title. As serious game encompasses many other fields besides 

education, DGBL is considered a section of serious games, which incorporates 

education and learning as the main purpose. Proponents of DGBL have published an 

array of essays, books and articles to support the use of such games in education. 

Among those published are Digital Game-Based Learning by Marc Prensky (2001b), 

What Video Games Have to Teach US about Learning and Literacy (2003), 
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Simulations and the Future of Learning: An innovative (and perhaps revolutionary) 

Approach to e-Learning (2004), Everything Bad Is Good for You: How Today’s 

Popular Culture is Actually Making Us Smarter by Steve Johnson (2005) and the 

most recent book by Prensky (2006) entitled “Don’t Bother Me, Mom, I’m 

Learning!” and How Computer and Video Games Are Preparing Your Kids for 21st 

Century Success and How You Can Help!. From the findings of these researchers, 

one common agreement is that the iGeneration have become disengaged with 

traditional instruction and require multiple streams of information, prefer frequent 

and quick interactions as they have exceptional visual literacy skills (Van Eck, 

2006). Another factor that supports the use of DGBL is increased popularity on 

digital games especially among the iGeneration, where the market revenue has 

grown from USD $10 billion in 2004 to a projection of over $100 billion by end 

2017 (James Batchelor, 31 Jan, 2018).  

With the rising interest of using digital games in education, numerous research 

papers providing theoretical and empirical evidence have been published. Among the 

claims to support DGBL are digital games are built on sound learning principles 

(Dickey, 2005; Gee, 2009; Groff, Howell & Cramer, 2010; Ke, 2009; Klopfer, 

Osterweil & Salen, 2009), digital games provide personalized learning opportunities 

(Ash, 2011; de Jong & van Joolingen, 1998; Ketelhut, Dede, Clarke & Nelson, 2006; 

Kickmeier-Rust, Hockemeyer, Albert & Augustin, 2008; Klopfer, Osterweil, & 

Salen, 2009; O’Neil, Wainess, & Baker, 2005), digital games provide more 

engagement for the learner (Barab, Arici, & Jackson, 2005; Csikszentmihalyi, 1990; 

Gee, 2003, 2007; Groff, Howell, & Cramer, 2010; Prensky, 2001b; Rupp, Gushta, 

Mislevy & Shaffer, 2010), games teach 21st century skills (Gee & Shaffer, 2010; 

Johnson et al., 2011; Rupp et al., 2010; Shaffer, 2004; Squire, 2006) and digital 
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games provide an environment for authentic and relevant assessment (Baker & 

Yacef, 2009; Behrens, Frezzo, Mislevy, Kroopnick & Wise, 2007; Koenig, Lee, 

Iseli, & Wainess, 2010; Shaffer, 2009).  

In Malaysia, research on DGBL in the field of mathematics among primary 

school learners have shown to yield positive results on students’ motivation and 

achievement (Hussain, Tan, & Idris, 2014), while another study conducted on 

secondary students showed an increase in students’ motivation to learn history 

(Matzin & Wong, 2013). 

Nevertheless, researchers realize that not all games are good for all learners 

and for all learning outcomes (Van Eck, 2006). Van Eck further proposes that more 

research should be conducted to explain why DGBL is engaging and effective. 

Practical guidance for how, with whom, and under what conditions games can be 

integrated into the learning process to maximize learning potential must also be 

investigated. Although there is a growing body of literature on the learning theories, 

models and principles that are incorporated into DGBL, many DGBL proponents are 

concerned about the dangers of academizing or sucking the fun out of games 

(Prensky, 2011). This concern is due to the fact that many edutainment software 

were designed and produced by academicians who had little or no understanding of 

the art, science and culture of game design over the last decade. This resulted in 

games that were educationally sound as learning tools but lack appeal as games. But 

at the same time, if games were to be solely designed by game designers with no 

inclination of learning theories, models and principles, it may prove to be a disaster. 

In this catch 22 situation, educators must realize that developing a game is a resource 

draining activity that requires a multi-disciplinary team to work on the game design 
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as the game produced must not only provide the desired learning outcomes but also 

must catch the interest and motivation of players. Moreover, teachers who use the 

game must learn to master the game so that they can provide the necessary 

scaffolding to assist students during game play. In fact, some of the issues 

highlighted by Osman and Bakar (2011) were teacher’s competency, game design 

quality and aligning the game with curriculum. 

2.7.1 Digital Role Play Games (DRPG) in Chemistry Learning 

The history of role-playing games in the form of pen and paper date back in the 

1970’s (Mason, 2004) with Dungeons and Dragons. Since then, they have evolved 

into a wide variety of styles and media, including digital with a single player to 

thousands of players (Hitchens & Drachen, 2008). Even back in those days, live role-

play games were used to improve aspects of teaching and learning through students’ 

engagement and active learning. Through live role-play games, students learn to 

problem-solve, empathize and learn from playing certain role. As digital games 

gradually consume a significant amount of the iGeneration’s attention and time, 

educators scramble to find ways and means to converge pedagogical benefits of role-

play games with educational technology and digital games. Randi and de Carvalho 

(2013) found quantitative support to show DRPG provided active learning and 

memory retention as well as being effective compared to formal lectures among 

varsity students. In another study conducted by Tsai, Yu and Hsiao (2012) on sixth 

grade students using an educational online game called Super Delivery. Results from 

the study found that students’ learning motivation, learning ability and playing skill 

were affected by their motivation to play, prior knowledge and online game 

experience, which in turn affected the learning effectiveness and knowledge 
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attainment. Hsieh and Huang (2014) found using DRPG increases students’ 

participation rate compared to non-gamified course design over a 3-year period.  In 

addition, an informal query showed gamification design courses were more popular 

as students were more engaged and motivated to participate voluntarily in the 

activities of the course.   

Interest and motivation are one of the key factors that ensure the success of 

learning and as mentioned in Chapter 1 under Problem Statement, one of the reason 

students in Malaysia show disinterest to study Chemistry is due to the lack of interest 

and motivation to study the subject (Farhana & Zainun, 2013; Muzammila, Johari & 

Murad, 2014; Woldeamanuel, Atagana & Engida, 2014). Research shows that when 

students are motivated, they will engage more easily with problems (Resnick, 1987), 

even difficult ones and have meaningful learning. This form of digital game has been 

proven to provide immersive environments through its fun and interactive media, 

engaging learners actively and arousing their motivation to learn. Thus, facilitating 

the meaningful learning through a realm of discovery learning (Barko & Sadler 

2013; Holzinger, Kickmeier-Rust, & Albert, 2008; Lassiter et al. 2001; Lombard & 

Ditton 1997).  

When DRPG is applied in Chemistry education, it allows the learner to 

manipulate a playable character (PC) while interacting with non-player characters 

(NPC) to obtain useful and vital information to accomplish quests and missions. This 

means the learner actively constructs new Chemistry knowledge as he explores and 

actively participates in the game.  This method of learning can stimulate reflective 

thinking and trigger higher levels of motivation unlike traditional learning, which is 

passive, didactic and lacks exploratory means to acquire knowledge (Avargil et al., 
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2012; Barab et al., 2009; Gee, 2003; Mitchell & Savill-Smith, 2004). The benefits of 

meaningful learning through the active participation of learners in immersive 

environments using DRPG in Chemistry is supported Chen, Wong and Wang (2014) 

who developed a 3D RPG for students to learn chemical formulas. In the study, the 

researchers observed that although prior knowledge were essential to obtain higher 

levels of self-efficacy, students with lower levels of prior knowledge were actually 

more motivated by this method of learning. Besides that, the presence of scaffolds in 

the form of worked-examples provided guidance to enhance comprehension, thus 

allowing students to employ active learning strategies to solve problems and achieve 

their ZPD. In must be noted that the presence of play in an interactive media allowed 

students to explore and learn Chemistry effectively and meaningfully, especially 

when play reduces the stress of learning and removes the boredom that entails from 

passive learning. 

Despite DGBL and DRPG having caught the attention of many progressive 

educators, it does not mean that society is ready to massively adopt them in the 

educational system (Torrente, Moreno-Ger, Martínez-Ortiz, & Fernández-Manjón, 

2009). The researcher herself has personally found this resistance existed during her 

journey to explore its potential in education. This reluctance could stem from the fact 

that many educators in Malaysia do not associate digital games as part of play based 

learning nor do they view playing digital games to be associated with the learning 

curriculum. 
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2.8 Past Methodologies using DRPG in Education 

Digital role-play game (DRPG) fall under the broad umbrella of digital game 

based learning (DGBL) and although past methodologies of DGBL studies are 

numerous and varied (Ash, 2011; Barab, Arici, & Jackson, 2005; de Jong & van 

Joolingen, 1998; Dickey, 2005; Gee, 2009; Gee & Shaffer, 2010; Groff, Howell, & 

Cramer, 2010; Johnson et al., 2011; Ke, 2009; Kickmeier-Rust, Hockemeyer, Albert, 

& Augustin, 2008; Klopfer, Osterweil, & Salen, 2009; O’Neil, Wainess, & Baker, 

2005), there is a smaller number of past methodologies involving the use of DRPG in 

education. 

In a quantitative study conducted by Randi and de Carvalho (2013) involving 

230 first year undergraduate medical students from two public universities, RPG was 

used as a methodological approach for teaching cellular biology. These students an 

RPG based class or a lecture based class. Pre and post RPG questionnaires were 

compared to scores in regular exams and findings show RPG classes are 

quantitatively as effective as formal lectures and are better accepted than formal 

lectures. It was also concluded that RPG may well serve as an educational tool as it 

allows students to participate in active learning and retain the attained knowledge 

more efficiently. 

In another study conducted by Chen, Wong and Wang (2014) that focuses on 

using DRPG in teaching Chemistry with the learning of Chemical Formula, a quasi-

experimental design was used to investigate the effects of the exploratory strategy 

and level of prior knowledge on 108 lower secondary school students. The 

participants were identified as the high prior-knowledge group or the low prior 
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knowledge group based on the mean score of their chemistry score in the previous 

semester. Two types of exploratory learning strategies were employed, one with 

worked example and the other without worked example. The independent variables 

were the type of exploratory learning and prior knowledge; while the dependent 

variables were learning performance (knowledge comprehension and knowledge 

application) and motivation toward science learning. A 3D RPG game, the 

Alchemist’s Fort, which was developed by the researchers using the 5E instructional 

model was used as the learning framework and all participants in the study have 

acquired sufficient prior knowledge and understanding of fundamental chemical 

concepts before playing the game. All participants took the achievement test and 

motivation questionnaire immediately after the three weeks research duration. The 

data was analysed using Multivariate Analysis of Variance (MANOVA) tests.  

In contrast, Tsai, Yu and Hsiao (2012) conducted a case study on eight sixth 

grade students using an online digital role-play game developed by the researchers 

themselves called Super Delivery. Four students with high level of prior knowledge 

and four students with low levels of prior knowledge were chosen. Prior level of 

knowledge was determined based on last semester’s mathematics and science grade. 

The study period spread over a length of six weeks with students playing one session 

per week, with each session lasting 40 minutes. During the intervention period, all 

participants were asked to sit in a computer lab with no face-to-face interaction. 

However, students were allowed to communicate and help each other only in the 

game environment. They were also asked to think aloud during game-play for 

researchers to document observations. Researchers acted as observers as they sat 

silently behind the participants and recorded the participants verbal and nonverbal 

behaviour. After the intervention period, the performance test was distributed to 
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participants. To evaluate the participants’ effectiveness of knowledge attainment, a 

paper based performance test with 5 multiple-choice (MC) items and 5 constructed-

response (CR) items were composed. Finally, each participant was interviewed 

individually and was asked questions regarding their learning perceptions and 

electricity knowledge. Data collection consisted of observations, think-aloud verbal 

protocols, game-playing records and semi-structured interviews. These multiple 

collection methods were triangulated and the quantitative data from the MC and RC 

were used as evidence to support the qualitative data. The most prominent finding 

from the study was that students’ playing motivation negatively corresponded with 

their learning motivation. This in turn affected their learning effectiveness. The study 

noted that students with high playing motivation were only interested in scoring and 

winning, and avoided reading the learning content. A high prior knowledge helped 

students achieve high learning ability and produce a higher learning outcome. 

However, it must be noted that this study disallows face-to-face interaction among 

students. In addition, teachers only acted as mere observers and data collectors. 

Hence, the study did not look into how teachers can intervene and facilitate the 

learning of students along their ZPD.  

From the past methodologies, it was found that the participants in all the 

research study were chosen from the same age cohort and are at the right cognitive 

developmental age to learn the knowledge presented. This theory of cognitive 

development precedes learning was theorized by Piaget, as presented by Papalia, 

Olds, and Feldman, (2011). Moreover, in one of the past methodologies that had a 

negative correlation between playing motivation and learning outcome, participants 

were not allowed to have face-to-face interaction during the intervention period. This 

method of intervention prescribes to Piaget’s theory that each child constructs 
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knowledge independently without the need for social interaction or guided 

participation. Finally, the researcher also discovered that the DRPG used for all the 

past methodologies were developed by the researcher and were only used during the 

research project. There was no evidence to show these games were further developed 

for the commercial market or incorporated into the education curriculum after the 

research period ended. 

2.9 The Need to have Commercialized Educational DRPG 

According to Van Eck (2015), after over a decade of documented proofs, the 

proponents of DGBL learning have finally convinced the public that digital games 

can indeed play a positive role in education. But one other challenge remains, and 

that is designing effective educational digital games that provide immersive 

environments to support powerful learning theories like meaningful learning through 

exploratory and situated learning, without sucking the fun out of playing. 

Commercial, non-educational DRPG are known to produce simulating, immersive 

games that can create a state of ‘flow’ like World of Warcraft that has drawn over 

5.6 million players in August 2015 (Frank, 2016). A state of ‘flow’ 

(Csikszentmihalyi, 1990) is characterized by the deep and full involvement and 

enjoyment in the activity that nothing else seems to matter. The high quality in 

production, which includes good artwork, animation, sound and game design that 

provides diversity in experience all plays an instrumental factor in creating the 

‘flow’. Furthermore, a national survey conducted in the United States (Takeuchi, & 

Vaala, 2014) reported 80% of teachers who integrated digital games found it difficult 

to find curriculum-aligned games in the market that would interest students.  
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Nevertheless, educators face problems in creating the ‘flow’ and maintaining 

students’ motivation as students find DRPG designed by educators uninteresting and 

monotonous, to the point of being labeled boring.  Moreover, these games are often 

limited to be used only during the research period, as students prefer to spend their 

time on commercial DRPG games that are more appealing. The ability to produce a 

well-designed DRPG requires a balance between educators to provide the content 

with powerful learning theories and game programmers to provide the flow, which 

captures the interest and motivation of players. However, this usually means a 

substantial amount of capital is required in the production of such games. This 

limitation of resources has led to the failure of many DRPG games that are normally 

not used beyond their research period.  

In view of this, the researcher aims to explore the possibility of a DRPG that 

claims to have successfully merge both design and educational content. This DRPG 

is known as ChemCaper and it is recognized as the first Chemistry DRPG to be 

launched in the commercial market in 2016 (PRNewswire, 2016). 

2.10 Chapter Summary 

After over a decade of documented proofs, researchers acknowledge the need 

to use DGBL as an educational tool to bridge the gap between the skill sets needed 

for the 21st century learner to succeed in the future and the learning style of the 

iGeneration. However, the challenge that educators face is providing digital games 

that can merge both powerful learning theories and fantastic game design to capture 

the interest and motivation of students to play beyond the research period. This gives 
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rise to the need to explore if ChemCaper, the first Chemistry DRPG to be launched 

in the commercial market can really reinvent the way to learn Chemistry for the 

iGeneration.  

In addition, although much research has been conducted on the benefits of 

using DRPG in education but none have looked at the possibility of learning 

preceding the cognitive developmental of a child. In other words, would a child that 

does not have prior knowledge be able to learn using a DRPG. 

The next chapter will provide a detailed description of the conceptualization of 

the study and the theoretical framework used while Chapter Four will be dedicated to 

the methodology used. This includes the sample population selection and the pilot 

study conducted in the study. 
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CHAPTER 3 

CONCEPTUALIZATION OF THE STUDY 

3.1 Introduction 

Randy Pausch (2007), a computer science professor at Carnegie Mellon 

University, USA was diagnosed with pancreatic cancer and had a few more months 

to live before he gave a very inspiring lecture to his students about achieving their 

dreams no matter what cards were dealt to them. At the end of his lecture, he said, “I 

am sure you all thought this lecture was for you but actually it is not. It is for my 

three beautiful children”. This is what you call a “head fake”. A head fake is a term 

used by Randy to mean indirect learning when he described how his students had fun 

making video games without them realizing they were actually learning something 

difficult like computer programming.  

In order to investigate if his legacy lives on in games like ChemCaper, it is 

imperative to address the issue of capturing the motivation of the iGeneration to 

learn Chemistry through a digital role-play game and as Randy mentioned in ‘The 

last lecture’…. “millions of children having fun while learning something hard is 

cool” and what better way to do that but through something they love most, digital 

games.  
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3.2 Conceptual Framework 

The conceptual framework of this study consists of ideas and concepts derived 

from previous studies that were identified as gaps to guide the development of the 

actual study. From all the past studies, prominent researchers in the field of 

psychology have all come to one common agreement and that is children develop 

physical, imaginative, language, social and cognitive skills as well as make sense of 

their world through play (Ginsburg, 2007; Piaget, 1951; Prensky, 2001b; Vygotsky, 

1978). Hence, it is undeniable that play is an inevitable part of learning. In the actual 

study, play comes in the form of a DRPG. 

 Past research have also identified that in order for learning to occur, interest 

and motivation must come into the picture. From the literature review discussed in 

chapter two, when students are motivated, they will engage more easily with 

problems and have meaningful learning. It was also found that DRPG has been 

proven to provide immersive environments with challenges that are just difficult 

enough to engage learners effectively and motivate them to discovery and learn 

meaningfully. 

However, the participants used in these past studies were required to have prior 

knowledge for the development and attainment of new knowledge (Chen, Wong & 

Wang, 2014; Randi & de Carvalho, 2013; Tsai, Yu & Hsiao, 2012). In other words, 

as discussed previously in literature review, the participants in these studies were 

required to be of the right cognitive developmental age to participate as posited by 

Piaget. To explore the reinvention of Chemistry learning, the researcher has leaned 

on Vygotsky’s theory that learning can precede cognitive development stage. This
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justifies the use of primary students who have no prior Chemistry knowledge as the 

sample population. The identification of the gap for the actual study is as illustrated 

in Table 3.1.  

In addition, the researcher has also identified another gap where learning can 

occur based on skills and not age. Although, the common practice in education 

across the globe is to group students based on age, there have been proponents that 

education should be based on skills and not age. However, there has been no 

empirical data gathered thus far of students being grouped together to learn 

Chemistry, especially using DRPG and this study might just contribute to the 

Brookings Institution, a nonprofit public policy organization based in Washington, 

DC that is currently researching on the idea of education being skills based, 

especially in the 21st century. In addition, the researcher also discovered in the pilot 

study that the absence of a teacher as facilitator (Tsai, Yu & Hsiao, 2012) showed 

that students did not maximize their ZPD. 
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Table 3.1 

Identifying the Research Gap from Past Research using DRPG in Education 
Researchers	 Title	of	Article	 DRPG	

Developers	
Participants	
(Age	cohort)	

Prior	Knowledge	
Needed?	

Findings:		
(i) Interest	&	Motivation	
(ii) Learning	Outcomes	

Chen,	Wong	&	
Wang,	2014	

Effects	of	type	of	
exploratory	strategy	and	
prior	knowledge	on	
middle	school	students’	
learning	of	chemical	
formulas	from	a	3D	role-
playing	game	

The	
researchers	

108	eighth-grade	
students	

Students	divided	into	
high	prior	knowledge	
and	low	prior	
knowledge	

(i) Learners	showed	mild	positive	
motivation	regardless	of	high	or	low	
prior	knowledge.	

(ii) High	prior	knowledge	group	
outperformed	the	low	prior	
knowledge	group	

Randi	&	de	
Carvalho,	2013	

Learning	Through	Role-
Playing	Games:	an	
Approach	for	Active	
Learning	and	Teaching.	

The	
researchers	

230	first	year	
undergraduate	
medical	students	
from	two	public	
universities	

Expected	to	be	
knowledgeable	as	all	
the	students	had	
passed	a	very	
competitive	
admission	process		

(i) Not	investigated	
(ii) 78.4%	found	RPG	an	effective	tool	for	

learning.	

Tsai,	Yu	&	
Hsiao,	2012	

Exploring	the	Factors	
Influencing	Learning	
Effectiveness	in	Digital	
Game-based	Learning	

The	
researchers	

Eight	sixth	grade	
students	

Students	divided	
equally	into	high	
prior	knowledge	and	
low	prior	knowledge	

Students’	high	motivation	playing	
negatively	affected	their	learning	
effectiveness	as	students	were	distracted	
with	scoring	and	winning	and	avoided	
reading	the	learning	content.	Univ
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IDENTIFICATION	OF	THE	GAP	

In	past	studies,	researchers	using	DRPG	have	selected	participants	from	the	same	age	cohort	or	of	the	same	cognitive	development	stage.	In	
addition,	the	selected	participants	were	required	to	have	a	certain	amount	of	prior	knowledge	in	the	area	of	investigation,	indicating	that	
the	DRPG	used	in	the	intervention	can	only	be	used	for	a	selected	target	population.	 	Besides	that,	the	DRPGs	used	in	these	studies	were	
developed	by	the	researchers	and	are	not	available	in	the	commercial	market	for	the	general	public	to	play.	Although,	these	DRPGs	have	
sound	educational	and	pedagogical	content,	 there	 is	no	evidence	that	 these	DRPGs	were	used	beyond	the	research	period.	 In	one	study,	
students	were	not	allowed	to	have	face-to-face	interaction	with	teachers	acting	as	observers	only	(Tsai,	Yu	&	Hsiao,	2012).	Findings	from	
that	study	indicated	that	students’	achievement	might	have	been	compromised,	as	they	did	not	receive	scaffolding	along	their	ZPD.	

The	present	study	intends	to	explore	the	reinvention	of	Chemistry	learning	by:	

1. Investigating	 the	 motivation	 of	 the	 selected	 group	 of	 iGeneration	 students	 when	 they	 play	 ChemCaper,	 a	 DRPG	 available	 in	 the
commercial	market	for	public	to	play.

2. Evaluating	the	Chemistry	knowledge	attained	by	the	selected	group	of	iGeneration	students	that	have	no	formal	learning	of	Chemistry.
In	other	words,	no	prior	knowledge	of	the	subject	is	needed.	This	also	means	the	selected	participants	are	considered	to	be	below	the
age	of	cognitive	development	according	to	Piaget’s	theory.

3. Assessing	if	Chemistry	knowledge	can	be	attained	based	on	skills	and	not	age	by	allowing	the	selected	iGeneration	students	across
different	ages	to	play	the	same	game	and	interact	with	one	another	during	the	intervention	period.

4. Investigating	the	importance	of	scaffolding	for	the	selected	iGeneration	students.Univ
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3.2.1 The Assessment of ChemCaper, a selected DRPG 

From literature review, educators realize there is a need to meet the learning 

styles of the iGeneration. With these kids spending up to eight and a half hours on 

various digital media daily (Kaiser Family Foundation, 2010), proponents of DGBL 

have provided both theoretical and empirical support on the use of DRPG in 

education. However, research also reported that many DRPG developed by 

academicians contain effective educational content but are unable to penetrate the 

commercial games market due to lack of appeal in game design and features to 

capture the interest of players. 

 The contemporary approach is to create a game genre with sound learning 

content that can provide the flow and immersion to keep players motivated to 

continue playing. As ChemCaper claim to be the first Chemistry DRPG with sound 

educational content launched in 2016 in the commercial games industry, the 

researcher felt impressed to investigate if this DRPG may actually fit this gap. The 

developers of this serious game attest to it ‘reinventing Chemistry learning’ as 

feasibility studies conducted by the developers show that children do actually learn 

from just playing games; be it implicit or explicit learning. In addition, this DRPG 

believes that learning can occur irrespective of age, just like how players of all ages 

play other non-educational DRPG available in the games industry.  

From interviews conducted with the game developers, the researcher found that 

the main instructional designs for ChemCaper is Situated Learning as students are 

“situated” in a learning environment that allows them to participate actively in the 

activities of the game through the situations the players encounter when they assume 

the role of an avatar, accept quests and solve the problems faced by the avatar. The 
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game design is found to contain attractive visuals and catchy phrases (Appendix A), 

with jokes inserted (Appendix B) when a player logs into game to set the right state 

of mind for the player. According to Hamari, Koivisto, and Sarsa (2014), playing 

digital games can increase learning. However, one key element to keep players 

engaged in a game is the context of the digital game. Further investigations 

conducted by Hamari et al. (2016) showed that constant developments of challenges 

in a digital game as player abilities grow could provide the immersion and 

engagement needed in learning. This is in line with Vygotsky’s theory of zone of 

proximal development. Moreover, the many routine activities such as trace 

apparatus, craft potions and bond petticles besides fighting monsters and the ‘Boss’ 

to level up are believed to develop mastery of skills, which will in turn lead to both 

implicit and explicit learning in attaining the knowledge of Chemistry.  

Therefore, this study aimed to investigate how the game can fulfill the learner’s 

needs in capturing motivation besides providing effective learning content. 

Investigations into ChemCaper included looking at the non-linearity aspect of this 

DRPG, which is the most vital component in the game features and design. In 

addition, the reward system of ChemCaper works best with younger children as they 

look forward to rewards, thus fulfilling their satisfaction in playing the game. When 

players are rewarded based on performance and quest completion, it will spur them 

to find ways and means to solve the quest and generate discussion among peers and 

with teacher, thus creating interest in the game. Another factor in game design is to 

create challenges that are pleasantly difficult but fun, and tailored according to the 

skills of the player.   
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The need to understand how playing ChemCaper can elucidate the learning of 

Chemistry, whether implicit or explicit is another significant factor in this study. One 

such measure is to understand how learning occurs through the play of this game. 

Factors influencing this measure included game instructions, the mastery of the game 

due to its repetitive nature and the influence of peers (cooperation or competition) as 

well as teachers. Vygotsky states that scaffolding is vital to the cognitive 

development of a child. In fact, the role of teachers as facilitators has actually 

emerged from the findings of the pilot study and has been included under discussion 

of Findings in Chapter 5. The conceptual framework of this study allows for students 

of different ages, who have not been introduced to formal Chemistry learning the 

opportunity to engage with the game and with friends for one hour after school 

everyday during game-play. The influence of a scaffold along the ZPD was 

evaluated by the presence of teachers as the more knowledgeable other (MKO) and 

providence of an instructional guidebook midway through the two week period of 

study. During this time, understanding how students attain Chemistry knowledge was 

obtained through observations from the researcher and teachers involved. The 

observations collected from teachers included during school time and game time. 

Finally focus group interviews were conducted to understand how students construct 

their knowledge.   

Another vital component of the study was to establish how much learning has 

occurred through students’ self-discovery and mastery of the game as well as through 

cooperation, competition and collaboration with friends and teachers. Therefore, 

there was also a need to develop an interactive assessment to evaluate the Chemistry 

content learnt among the students of different ages after playing ChemCaper at the 

end of the research period. However, to ensure that learning has occurred from 
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playing ChemCaper, a written assessment was administered to students at the end of 

the first week of game-play and again, at the end of the second week of game-play. 

The students were also be administered an interactive assessment after they have 

completed the two weeks of game-play. From these assessments and evaluations, the 

reinvention of Chemistry learning was explored to evaluate the potential of using 

ChemCaper, a DRPG as a tool to teach Chemistry knowledge to players that are 

considered too young to learn such a difficult subject in the mainstream school.   

Figure 3.1: The conceptual framework for the present study 

3.3 Theoretical Framework 

“If you tell me I will listen. If you show me I will see. If you let me 

experience, I will learn.” - Lao-Tzu  

CONCEPTUAL	FRAMEWORK	

DRPG	used	in	past	research:	
• Has	solid		educaBonal		content	
• Developed	by	the	researcher	
• Administered	on	same	age	cohort	
• Requires	parBcipants	to	have	prior	knowledge	
• Non	commercial	use	
• Played	only	during	research	period
• Small	sample	number	

DRPG	available	in	the	commercial	
market:	
• Have	no		educaBonal		content	
• Developed	by	game	developers/professionals
• Suitable	for	any	age/	no	age	restricBon
• No	prior	knowledge	required	from	players
• Normally	played	all	the	Bme	
• Large	number	of	players

ChemCaper,	the	selected	DRPG	

• Strong	educaBonal	content	
• Developed	by	game	developers	with	Chemistry	

teachers.
• Suitable	for	any	age	
• No	prior	knowledge	required	from	players
• Available	in	market	(commercial	use)
• Can	be	played	beyond	the	research	period

Inves6gate	influence	of:	
• CollaboraBon	among	

students	
• Teachers’	guidance	and

encouragement	
• InstrucBonal	guidebook	

Explore	the	moBvaBon	of	
players	

Evaluate	the	Chemistry	
learning	aTained	

Describe	the	reinvenBon	of	
Chemistry	learning	

Prepare:	
• Online	interacBve	

assessment	tool	

ASSESSMENT:	Video	observa6ons,	daily	journaling,	interview	data,	
wriIen	assessment,	online	interac6ve	quiz	
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Children love to play and play is imminent in the development of many 

positive outcomes with learning being one of them. Play provides opportunities for 

children to develop their social, cognitive and emotional domains, which includes 

creativity, concentration, perseverance, memory skills, and problem solving skills 

among others (Elkind, 2008; Ginsburg, 2007; Hirsch-Pasek et al., 2009; Partnership 

for 21st Century Skills, 2009; Piaget, 1959; Prensky, 2001b; Saracho & Spodek, 

2006; Vygotsky, 1978). Jean Piaget (1951) postulates that “play is the answer to how 

anything new comes about” increasing cognitive development while Bruner (1960) 

adds that children are active problem solvers, capable of solving “difficult subjects” 

as they are constantly constructing ideas and concepts from different types of 

stimulus, with interest in subject matter being the best stimulus for learning. His 

study leaned towards children learning intuitively through discovery learning when 

they have the interest and are motivated to learn. His concept of discovery learning 

implies that the learner plays an active role of building understanding and 

constructing new knowledge by discovering as the child masters skills that will lead 

to greater discovery and learning. Bruner’s theory is strongly supported by Bicknell-

Holmes and Hoffman (2000) who describes the three main attributes to discovery 

learning as exploring and problem solving to create, integrate, and generalize 

knowledge; have activities that interest students and allow them to determine that 

frequency and level of participation as well as activities that encourage integration of 

new knowledge into the learner’s existing knowledge base. These attributes lead to 

meaningful learning and the researcher found these attributes to be present in the 

context of this study, which has been discussed under chapter five, findings and 

discussion.  
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Although many adults perceive digital games as being a waste of time and 

addictive for children, according to Gee (2003), a well-designed digital game is not 

only fun but can also have up to 36 implicit learning principles. Moreover, it is now 

widely accepted that digital games can be immersive, entertaining, motivating and 

fun while providing meaningful and valuable learning experience (Holzinger, 

Kickmeier-Rust, & Albert, 2008; Lassiter et al., 2001; Lombard & Ditton, 1997; Van 

Eck, 2006). Hence, the crux of a good DGBL is the ability to merge a good game 

design that engages the player, provide complete immersion and motivates the player 

while having sound theoretical learning theories (Ahn, 2008; Gillispie, Martin, & 

Parker, 2010; Van Eck, 2006, Papastergiou, 2009).  

In this study, the foundations of Piaget and Bruner on play and discovery 

learning sits on the foundations of situated learning, a constructivist learning theory 

proposed by Lave and Wenger (1991). As Chemistry is considered a difficult subject 

even for older children to conceptualize, younger students can grasp the 

understanding of this abstract knowledge when they are placed in a situation or 

context where they become active learners through the activities they perform 

through the game. Gee (2003) argues that through game designs that promote 

situated learning, the activities at each different level in the game requires players to 

constantly plan and strategize as they actively discover how to solve problems faced 

in the game. All these activities, lead to meaningful learning to occur, albeit 

unintentionally within the game. Of course, all these can only happen more 

effectively if Vygotsky’s social learning is included in the activities. Role-play 

games are characterised with the element of storytelling with players taking the roles 

of an avatar in a fictional, often fantasy world.  
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With the exponential growth of the digital era, a rapid shift towards playing role-

play games digitally has become a norm. The DRPG is a story driven game as 

research shows that the idea of story telling is a powerful element to capture interest, 

increase enthusiasm and aid understanding when delivering teaching, whether 

through explicit or implicit methods. The main idea of learning using a DRPG is to 

allow the child to actively explore, discover and make learning meaningful through a 

self-discovery game. As the iGeneration learners take to digital devices like fish to 

water, the need for prior instructions on how the game works and operates is 

considered redundant. As mentioned above, discovery learning occurs in the context 

of this DRPG game and students take control of when, what and how they want to 

learn Chemistry unintentionally, through the activities and the quest they complete in 

the game.  

The instructions, task and requirements of the game focus on the responsibility 

of the players to actively solve problems, thus stimulating mental activities that lead 

to active learning (Randi & de Carvalho, 2013). This learning theory was 

popularized in the 1990s by the Association for the Study of Higher Education 

(ASHE) report (Bonwell & Eison 1991). Active learning engages students in two 

aspects – doing things and thinking about the things they are doing leading to 

students actively or experientially involve in the process of learning. In a DRPG, the 

continuous need to actively learn and construct new knowledge occurs when students 

engaged in game play find ways to gain rewards, defeat the boss and up their level 

and this in turns lead to discovery learning. This inquiry-based, constructivist 

learning theory discovered by Bruner (1961) proposes that learners construct their 

own knowledge through active participation that promotes motivation. The 

interactive nature of the digital RPG provides an immersive experience that 
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stimulates creativity and encourages the development of problem solving skills to 

accomplish the mission given in the game. Players of the game also learn from the 

modeling approach found in the game. All these factors help students discover, 

construct, organize and categorize information. 

The view of students actively constructing new knowledge through discovery 

learning leads to learning becoming meaningful. These in turn leads to students 

leveling up in the game and discovering more new knowledge as they actively solve 

new problems and master the game to level up some more. The loops in Figure 3.2 

shows the repetitive nature of the game that allows students to master tracing of 

apparatus, crafting potions and bonding petticles as they level-up in the game. The 

double arrow at the end of the loops also showed that discovery learning and 

meaningful learning occurs concurrently through continuous game-play. In 

summary, the theoretical framework, as shown in Figure 3.2 has situated learning as 

the underpinning theory for the present study. Throughout the research period, 

Chemistry learning occurred when students were bouncing between discovery 

learning and meaningful learning as they continuously play and level up in the game. 

This also leads to students mastering the game. In all these, the social interaction 

aspect of Vygotsky’s theory to maximize learning through the providence of a 

scaffold is investigated. The scaffold can come in the form of the teacher that acts as 

facilitator as well as an instructional guidebook provided midway through the study 

period.  
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Figure 3.2: Theoretical framework for the study. 

3.4 Chapter Summary 

Research from previous studies show that prior knowledge of participants was 

a prerequisite. In addition, all studies were conducted on participants of the same age 

cohort and were at the right cognitive developmental stage. The conceptual 

framework of the present study was derived from gaps identified from previous 

studies and the use of ChemCaper fits into this gap in the sense that prior knowledge 

is not a prerequisite before playing this game. Besides that, Chemistry learning is 

non-linear and participants chosen have not obtain formal Chemistry education (not 

in the formal operational stage) and are not from the same age cohort. The next 

chapter will discuss the methodology of this study in detail. 

THEORETICAL	FRAMEWORK	

Chemistry	Learning	occurring	before	formal	age	and	cuAng	across	age	barriers	based	
on	skills	with	the	selected	DRPG	

Situated	Learning	(Learner	Centred	Construc2vism	Based	on	DRPG)	
• Students	acHvely	parHcipate	in	the	learning	experience
• Avatar	is	used	in	‘story-telling’	to	create	meaning	in	the	learning	process
• Game	design	provide	immersive	&	entertaining	method	of	play	as	you	learn
• Implicit	&	Explicit	learning	occurs	through	game	play

Meaningful	Learning	
• Increased	interest	and

moHvaHon	
• New	Chemistry	knowledge	

constructed	

Discovery	Learning	
• Students	are	acHve	problem	solvers
• Constantly	construcHng	ideas	and	strategy	
• Learn	intuiHvely	
• Implicit	&	Explicit	learning	occurs	through

game	play	

Zone	of	Proximal	Development	
• Game	characters	assist	in	learning	
• CooperaHon	&	collaboraHon	among	students	of	different	

levels	
• InstrucHonal	guidebook	provide	addiHonal	scaffold
• Teachers’	role	as	facilitator	

Repe22ve	game-play	allows	
mastery	as	students	level-up	

iGeneraHon	students	(10	to	12	years	old)	
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CHAPTER 4 

METHODOLOGY 

4.1 Introduction 

This study was designed to explore Chemistry learning using a selected 

DRPG found in the commercial market known as ChemCaper for the iGeneration. It 

has been agreed upon from previous research that although DRPG does provide the 

educational foundations much needed by the iGeneration, but these studies were 

limited to age-based learning and restricted to games designed by educators. In 

addition, studies did not investigate learning occurring across age and based on 

skills. This DRPG was chosen because this game was specifically designed from the 

collaboration between educators who emphasize on the need to have strong learning 

theories on Chemistry and professional game developers who look into the features 

needed in a game to produce the ‘flow’ that will attract players and keep them 

interested as they immerse in a virtual world of imagination. 

The researcher adopted a qualitative research design based on Creswell 

(2014) to investigate claims from the developer on the ability of ChemCaper to 

reinvent Chemistry learning. The research methods adopted in this design included 

observations by the researcher and participants’ teacher, focus group interviews, and 

online assessment to obtain thick, rich data that can be used to describe the 

participants’ feelings, expressions, actions and opinions better as these data would 

provide a more detailed and accurate representation of how the game affects 
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motivation of the participants. A qualitative approach is also required to elicit deeper 

insights and describe the various aspects on how reinvention of Chemistry learning 

can occur from playing ChemCaper. The data collected in a qualitative research are 

normally non-numerical and undergo rigorous and systematic methods to transcribe, 

code, analyse and triangulate to form trends and themes. In addition simple 

descriptive analysis was used to complement the qualitative data obtained. Thus this 

chapter is broken down to the following sections: 

i.) A brief description of ChemCaper, the intervention Digital Game used in the 

present study. 

ii.) The pilot study conducted by the researcher. 

iii.) Reasons for modifications in the actual study 

iv.) Developing the interactive online quiz assessment 

v.) Methodology of the actual study. 

vi.) Data analysis for the actual study 

vii.) Chapter summary of methodology. 

4.2 ChemCaper 

ChemCaper is a Chemistry adventure single DRPG, which revolves around 

Roub Idyum (Rubidium), fondly called Roub, who crashed in a place called Camp 

Ungku (Kampung Ku). In ChemCaper, the player takes on the role of Roub and is 

tasked with accepting quest to help him find his way home. The game consists of 

three worlds, with the first world being Camp Ungku, the second world is ReacTa 
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and the third world is SubRosa. The player starts with Camp Ungku and is required 

to accept the quest posed in each world to help Roub find specific items.  

Once the player accepts the quest, the player needs to navigate in the game and 

interact with non-player characters (NPC) in order to find these items. The player is 

also required to fight alcyons (monsters) for the items and in the process get 

rewarded with points, cards, orbs (atoms), primers (spell books) and berries 

(ingredients to make potions). However, the player needs to plan and strategize battle 

combinations (Figure 4.1) using petticles (Table 4.2) and potions to win.  

Figure 4.1: Different battle combinations produce different battle success rates. 

Chemistry learning in this game is divided into three main sections, which are 

tracing apparatus, crafting potions and bonding petticles as listed below: 

(i) Tracing apparatus (Figure 4.2): The player gets an apparatus by tracing the 

apparatus. The list of apparatus available in this game includes test tube, 
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beaker, conical flask, filter funnel, thermometer, round based flask, separating 

funnel, fractionating column, centrifuge, tripod stand, retort stand with clamp, 

Bunsen burner and Liebig condenser. 

Figure 4.2: Players need to trace apparatus repeatedly for use in crafting potions. 

(ii) Crafting potions (Table 4.1): Potions are used to help fight alcyons (monsters) 

in the game. There are five types of potions that a player can craft, which is 

health, speed, accuracy, defense and damage potion. In order to craft potions, 

the player needs to have the apparatus and the right physical separation 

techniques such as sieving, filtration, decanting, distillation, separation of 

immiscible liquids, fractional distillation and centrifugation. Figure 4.3 shows 

the percentage of potion obtained during the crafting of a damage potion. In 

addition to the type of potion, the name of the potion obtained is dependent on 

how well the physical separation technique is conducted. 
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Table 4.1 

Different types of potion are crafted using different physical separation techniques 
Colour-	

Potion	type	

Potion	name	based	on	
crafting	performance	

Apparatus	Used	 Physical	
separation	
techniques	

Red-	

Health	

Trifling	cordial	middling	
cordial	rejuvenating	
cordial	

Pestle	and	mortar,	test	
tube,	and	centrifuge	

Centrifugation	

Blue	–	

Speed	

Fleetfoot	draft	
Silver	gust	draft	
Blunk		blink	draft	

Conical	flask,	separating	
funnel	and	retort	stand	
with	clamp	

Immiscible	
liquid	
separation	

Green	–	
Accuracy	

Focus	pocus	cognizance	
Unerring	cognizance	
Future	sight	cognizance	

Round	bottomed	flask,	
Conical	flask,	tripod	stand,	
Liebig	condenser,	Bunsen	
burner	and	rubber	tubes	

Distillation	

Yellow	–	
Defense,	

Tough	bubble	tonic	
Glass	jaw	tonic	
Aegis	shell	tonic	

Pestle	and	mortar,	filter	
funnel,	filter	paper,	retort	
stand	with	clamp,	beaker	
and	conical	flask,	

Filtration	

Purple	–	
Damage	

Herculean	brew,	
Behemoth	brew	
Dominating	brew	

Round	bottomed	flask,	
Conical	flask,	retort	stand	
with	clamp,	thermometer,	
fractionating	column,	
Liebig	condenser,	tripod	
stand	and	Bunsen	burner	

Fractional	
distillation	

Figure 4.3: Instructions are given for players to know the steps required in 
conducting physical separation techniques such as fractional distillation. 
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(iii) Bonding petticles (Figure 4.4): In this game, petticles mean particles and 

Table 4.2 shows a summary of petticle names with the corresponding 

requirements to make the petticle, while Appendix C provides a more detailed 

illustration. To bond a petticle needed for battle (Figure 4.4), the player has to 

choose the correct card, orbs and one of the three types of chemical bonds, 

which are covabon (covalent bond), iobon (ionic bond) and metabon (metallic 

bond) in the “petcubator” (Appendix J). 

Table 4.2 
The type of bonds required to make petticles in ChemCaper 

Covalent bonds (Covabon) 
Particle Name Petticle Name 

in ChemCaper 
Description 

Nitrogen Cryo Two nitrogen orbs and one Cryo card is needed 
to make Cryo 

Oxygen Oxyto Two oxygen orbs and one Oxyto card is needed 
to make Oxyto 

Fluorine Flowyn Two fluorine orbs and one Flowyn card is 
needed to make Flowyn 

Bromine Brom Brom Two bromine orbs and one Brom Brom card is 
needed to make Brom Brom 

Water Hizo Two hydrogen orbs, one oxygen orb and one 
Hizo card is needed to make Hizo 

Ionic bonds (Iobon) 
Particle Name Petticle Name 

in ChemCaper 
Description 

Sodium 
chloride (Salt) 

Sal-T One sodium orb, one chlorine orb and one Sal-
T card is needed to make Sal-T 

Calcium oxide Lymlyte One calcium orb, one oxygen orb and one 
Lymlyte card is needed to make Lymlyte 

Continued on next page 
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Table 4.2, continued 

Mettalic Bonds (Metabon) 
Particle Name Petticle Name in 

ChemCaper 
Description 

Sodium Sodi-U Three sodium orbs and one Sodi-U card 
is needed to make Sodi-U 

Lithium Lith Three lithium orbs and one Lith card is 
needed to make Lith 

Potassium Ptassyum Three potassium orbs and one Ptassyum 
card is needed to make Ptassyum 

Calcium Elcium Three calcium orbs and one Elcium 
card is needed to make Elcium 

Magnesium Magness Three magnesium orbs and one 
Magness card is needed to make 
Magness 

Figure 4.4: Sal-T is produced when the player is able to choose the correct atoms 
(orbs) and right chemical bond.

4.3 Pilot Study 

In the present research study, ChemCaper is the intervention DRPG and prior 

approval (Appendix D) was obtained from the University Malaya Research Ethics 

Committee (UMREC) by the researcher to use this instrument. Before the researcher 

embarked on the collection of data for the present study, a pilot study was first 
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conducted to assess the intervention DRPG, testing of the online interactive quiz and 

the methods used in collecting data.  

The purpose of the pilot study was to identify potential practical problems 

that may arise in the actual study (Leon et al., 2011; Teijlingen van, Rennie, Hundley 

& Graham, 2001). It also allowed the researcher to amend and modify the research 

methodology, as needed based on data collected and analysed from the pilot study. 

Participants selected for the pilot study were students from an English Language 

tuition centre in Subang Jaya to fulfill the pre-requisite of comprehension in English. 

At first, a total of 70 primary school students from this English Language tuition 

centre responded to an invitation to participate in the pilot study. These students 

came from different schools around the Subang Jaya community, including from 

Sekolah Kebangsaan (National Schools), Sekolah Jenis Kebangsaan (National Type 

Schools) and also private schools in Subang Jaya.  

However, as students faced various issues, which are discussed in the later 

section under Reasons for Modifications in the Actual Study, only 35 students 

managed to down load the game and participated in the study as shown in Table 4.3.  

Table 4.3 

Sample population of students in the pilot study 

Schooling Year Age Group Number of Respondents Number of Participants 

Year 4 10 years old 26 13 

Year 5 11 years old 24 11 

Year 6 12 years old 20 11 
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The duration of the pilot study was also lengthened to 4 weeks due to the 

hiccups faced by parents in downloading the game. The timeline to illustrate 

activities and events that occurred throughout the pilot study are recorded in Table 

4.4. 

Table 4.4 
The timeline to illustrate the sequence of activities and events in the pilot study 

Timeline Description of activities/events that occurred 

Before 
week 1 

Consent form distributed and collected from interested participants. 
Students fill demographic forms and Kahoot pre-test quiz administered. 
Students were given a download voucher to download ChemCaper. 

Week 1 Two Whatsapp groups were setup to facilitate communications among
students and with teachers.   
Parents facing issues with downloading the game were addressed. 

Week 2 First activity questions were posted through Whatsapp for students to 
participate. 
Inactive accounts and parents still facing problems were addressed. 

Week 3 Second activity questions posted through Whatsapp for students to 
participate. 
Students with inactive accounts were removed. 

Week 4 Third activity questions posted through Whatsapp for students to 
participate. 
Three focus group interviews were conducted, one on Friday and two on 
Saturday. 
Kahoot post-test quiz administered at the end of the pilot study. 

The data collection instruments employed for the pilot of study included: 

(a) A demographic questionnaire to explore participant’s background 

(Appendix E) before the pilot study began. 

(b) An online interactive pre-test quiz using Kahoot (Appendix F) to assess 

prior knowledge before the participants were given ChemCaper download 

voucher codes. 

(c) Questions posed in the form of ‘questivity’ in the Whatsapp group 

(Appendix G) during the study period. 
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(d) Focus group interviews with students (Appendix H) and an online 

interactive post-test quiz using Kahoot (Appendix I) at the end of the pilot 

study.  

The purpose of the demographic questionnaire was to address concerns that 

the participants may get assistance from parents or siblings that would skew the 

results, while the pre-test quiz was to assess participants’ prior knowledge in 

Chemistry. To begin the pilot study, two Whatsapp groups were set up to facilitate 

communications among students and the three Science teachers involved in this 

study. The researcher set up two Whatsapp groups to reduce the big volume of 

messages that may inundate and frustrate participants if only one Whatsapp group 

was used. Each Whatsapp group had an initial of 35 participants (although 

respondents who did not download the game eventually dropped off from the 

Whatsapp group), three Science teachers and the researcher. The Science teachers 

involved in this study were also the Science teachers that helped to develop 

ChemCaper by contributing their Chemistry knowledge and expertise to the game 

developers. Hence, these teachers are conversant with both the game and the 

Chemistry content in the game to assist the students. The researcher set herself as an 

observer and was not involved in assisting or contributing towards communication 

with regards to game-play or Chemistry content. For students who did not own 

mobile devices, either their mother or father was included into the Whatsapp group 

to act as conduit for communication.  

No formal teaching was conducted throughout the research period but every 

effort was provided to ensure scaffolds were provided and collaboration among the 

students were made possible. These efforts included: 
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(i) Informing and advising students to use the Chempendium, a digital 

instructional guide embedded in the game that acts as a scaffold throughout 

the research period.  

(ii) Two Whatsapp groups that allowed students to interact and collaborate 

among themselves and with the teachers. 

(iii) Science teachers involved in the study took turns to be stationed at the 

tuition centre together with the researcher everyday throughout the pilot 

study duration to provide additional support to students if needed when they 

come to the tuition centre for their classes.   

The researcher recorded the amount of time spent on the game by each 

participant throughout the research period (Appendix P) through the login data to 

explore the motivation of the participants in learning Chemistry using ChemCaper, 

because according to Fabricatore (2007), a good game provides players with the right 

amount of challenge, mastery and rewards that they seek. Hence, if these activities in 

the game were able to capture the interest and sustain motivation of the player, the 

participants would be spending a substantial amount of time logged onto the game. 

The researcher also used observations collected from communications in the 

Whatsapp group and photos posted by participants as data for exploring motivation. 

In addition, questions from the focus group interviews (Appendix H) also sought to 

explore the motivation of students towards the game. These questions solicited the 

participants’ opinion of the game and the Chemistry content learnt. Three focus 

group interviews were conducted at the end of the fourth week of the pilot study 

(Table 4.4). The focus group interviews sought to answer the first three research 

questions. However, the turnout for the focus group interviews were poor with the 

first focus group interview conducted at the tuition centre on Friday having only five 
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participants. The second and third focus group interviews conducted in the morning 

and afternoon the following day (Saturday) had only four and three participants 

respectively. Figure 4.5 shows the second focus group interview, which had four 

participants. In total, only twelve of the 35 participants were involved in the focus 

group interviews. 

Figure 4.5: The second focus group interview session conducted on Saturday 

The first source of data collected included observations from the 

communication of the participants among themselves and with the teachers as well as 

the researcher in the Whatsapp group when teachers posed questions in the form of 

‘questivity’ as shown in Appendix G. The second source of data collected was from 

focus group interviews conducted on the fourth week. The third source of data 

obtained came from the Kahoot pretest and posttest interactive online quiz results, 

which sought to assess the level of Chemistry knowledge attained. (Appendix I). 

Issues in data collection and other problems arising from the pilot study are 

discussed in the following section, while issues that arose pertaining to the 

interactive online quiz are discussed under developing the interactive online quiz 

assessment. For practical reasons, these issues faced were used to modify the 

procedures for the actual study. 
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4.4 Reasons for Modifications in the Actual Study 

Results from the pilot study showed that only 50%(N=70) of the respondents 

actually played the game (Table 4.3). When the researcher inquired, reasons given 

for not downloading the game included lack of computer knowledge of the parent, 

computer incompatibility, no time to help their children, their children were busy and 

the Primary School Examination Assessment (UPSR, Ujian Penilaian Sekolah 

Rendah) was around the corner. Hence, one way to overcome these issues was to 

select a different set of participants that would not face such issues. This resulted in 

the decision to use an International school with computer facilities and students 

willing to stay back for an hour after school to eliminate lack of computer knowledge 

of parent, computer incompatibility, parent’s busyness, students’ extra curricular 

activities and UPSR issue. 

Another modification to the actual study is having face-to-face interaction, 

which allowed for more teacher inclusiveness as facilitator. One notable finding from 

the pilot study was the fact that students had no problems mastering the game but 

lack the right guidance during game play to point them in the right direction and 

mitigate the conversion of implicit learning to explicit ones. For example, findings 

from the focus group interviews showed students relied on shapes, colour or position 

of the button when bonding a certain petticle. Below is an excerpt of conversation 

between the researcher and the focus group students 

Researcher: “Do you remember the types of bonds used to make the petticles?” 

Students: “Shakes their heads.” 

Researcher: “So, which bond do you choose to make Brom-Brom?” 

Student Ace13: “Oh, the one on the left…. I remember by position.” 

(Focus Group Interview: 26 Aug. 2017) 
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 It was also discovered that when students were allowed to play as and when 

they liked and without the presence of a teacher, students were ignorant to the 

importance of the NPC (non-player character) and the information imparted. For 

example, if the player took time to converse with the NPC, it would advise the player 

on how to bond petticles. However, excerpt from a Whatsapp conversation in Figure 

4.6 showed player Ace 11 asking for help from the group: 

  

Ace 7: I’m stuck with the evil Mehta 
Ace 11: How do I bond petticles 
 

(Whatsapp Group 2 conversation: 8 Aug. 2017) 
 

Figure 4.6: Player Ace 11 asked for help on petticle bonding. 

 In addition to that, data obtained from Whatsapp communications also showed 

the lack of scaffolding from teachers to provide guidance and motivation to keep 

students interested as they struggle with the game. For example, there were a few 

instances when students were asking for help and the delay in replies from teachers 

showed the lack of immediate support (Figure 4.7). 

  

Ace 16: Teacher how can I defeat this? 
Ace 21: Ya it’s impossible. 
Ace 21: Is teacher online? 
Ace 16: ? 
Ace 10: Sooo hard my hand ache 
 

 
 
 
 

 

Ace 21: I play 29 times but I lose 
Ace 21: Almost 30 
Ace 16: Tips please 
Ace 18:I played forty and lose 
Ace 21: Who has tips le? 
Ace 21: Wow. 40? 
 

  

Ace 16: Please help me? 
Ace 16: Someone 
Ace 18: All of us can’t beat it sorry bro 
Ace 21: I can’t defeat it 
Ace 16: But I don’t know how? 

(Whatsapp Group conversation: 5-6 Aug. 2017) 
 

Figure 4.7: Lack of teachers’ guidance and motivation to defeat the monsters 
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Hence, the presence of a teacher during game play would be beneficial to 

subtly challenge the students’ thinking pattern and guide them with the right 

questions asked. This finding is supported by an earlier conclusion made by Squire et 

al. (2004), which was discussed in chapter two of the Literature Review. In addition, 

the relevant teacher would also be able to help students who may encounter technical 

problems.  

Results from the pilot study also showed that the duration was lengthened to 

four weeks due to technical issues faced by parents who could not download the 

game for their children. However, with the actual study being carried out in the 

school lab of an International school, the duration for the actual study needed only 

two weeks. This was substantiated by login data collected from the pilot study, 

which indicated that most students could complete the game in about eight hours. 

Therefore a two-week duration with a total game-play of eight hours was sufficient 

for most students to complete the game.  

4.5 Developing the Interactive Online Quiz Assessment 

 For the pilot study, the researcher developed two sets of online interactive 

Chemistry quiz using Kahoot as the assessment platform, one for pretest (Appendix 

F) to assess prior knowledge and the other posttest (Appendix I) to assess Chemistry

knowledge attained from the game. The assessment items were developed based on 

Bloom’s taxonomy of Cognitive domains and validated by the team of Chemistry 

teachers who helped to develop ChemCaper. Figure 4.8 shows sample of 

communication excerpts between the researcher and Chemistry teachers who helped 

validate the quiz items for the pre-test and post-test Kahoot quiz. 

Univ
ers

iti 
Mala

ya



82 

Whatsapp excerpts Narrative from the Whatsapp excerpts 
MJ: Hi Linda, I’m looking through the Kahoot 
questions…This looks more like a condenser rather than 
fractionating column. 
Researcher: I couldn’t find a suitable pic. Do you have 
one that you can upload? 

Researcher: Thanks, I will get the pic changed. 

Researcher: I had trouble looking for a centrifuge pic that 
is similar to the centrifuge pic in ChemCaper. Do you 
have a picture of it? 
MJ: Let me find some later. 
Researcher: Thanks for the many feedback MJ. 
MJ: You’re most welcome. Sorry it took me awhile. 
Researcher: MJ, there is a limit to the word count. By the 
way, does the game mention about electrons or particles 
in the game? 
MJ: The petticle is a particle, but those surrounding one 
are electrons. 
Researcher: So, does that mean petticle can be atom, 
molecule or ion? 
MJ: Yes. 

MJ: Question 18, it is Bromine that show the deadly skull 
sign. Can put bromine in. Young kids may not know the 
word Toxic, maybe Poisonous sounds more familiar to 
them. 

(Whatsapp conversation: 5 June – 14 July. 2017) 

Figure 4.8: Examples of communication excerpts between the researcher and team of 
Chemistry teachers from ChemCaper to validate the quiz items. 

The researcher and Science teachers observed that when Kahoot (Figure 4.9) 

was administered as the online interactive quiz, some students were anxious when 

they did not know the correct answer, while others tend to look at their friend’s 

screen for answers. Besides that, it was also observed that students who scored 

wrong felt disappointed and demotivated when the screen showed they answered 

wrongly in plain view for everyone to see. From these observations and discussions 
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with the teachers as member checks, the researcher concluded on using Google as the 

online interactive quiz assessment to address the problems faced in the pilot study. 

Figure 4.9: Student A scratched her head and showed disappointment when her 
answer was wrong while student B turned behind to look at student C’s 
Kahoot answer.  

Another reason for modifying the quiz assessment was because observations 

showed that students found Chemistry jargons in the online quiz assessments such as 

miscible, immiscible, covalent, ionic daunting and too difficult to understand at their 

level. For example, questions posed by students when Kahoot was administered 

included: 

Student Ace 16: “Teacher, what is immiscible and miscible?” 
Student Ace 7: “Teacher, what is corrosive?” 

(Kahoot administration: 25-26 Aug. 2017) 

Therefore, many students did not understand the question posed nor the 

choices given as answers, especially when these questions were all built along 

intermediate Chemistry knowledge. In addition, Kahoot results from the pre-test and 

post-test pilot study (Table 4.5) did not show marked improvement in attainment of 

Chemistry knowledge. As such, the researcher decided to redesign the Chemistry 

questions to be built along the ChemCaper game.  

A 

B

C
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Table 4.5.  
Comparison between Pre-test and Post-test Kahoot results 

Pre-test:  
Less than 40% correct answers 10 
Between 40-49% correct answers 17 
Between 50- 59% correct answers 12 
Between 60- 69% correct answers   4 

Post-test: 
Less than 40% correct answers 10 
Between 40-49% correct answers   9 
Between 50- 59% correct answers 14 
Between 60- 69% correct answers   5 

In view that the question structures in the pilot study were too academic, 

technical and lacked visuals related to the game (Figure 4.10), especially for younger 

children who were unable to connect the dots, the researcher with the help of a game 

developer as advisor designed questions that were less technical and more connected 

with learning achieved from the game.  

Researcher: What do you think? 
JF: Question, can primary kids understand chemistry jargons such 
as vapour, apparatus, substance, react etc…? 
MJ: May or may not… Mostly maybe not.. it depends on their 
strength in English. 
JF: The entry questions give me a feeling of Year 7 test paper. 
J: Because it looks wordy? 

JF: Not wordy. My concern is they might not even understand what 
is the question asking about nor understand what are the choices. 
JF: All questions are build along intermediate level chemistry 
knowledge. Will have to find a way to ask those questions so that 
“chemistry jargons” are not too overwhelming. I don’t think I can 
understand miscible and immiscible at that age. 

Researcher: Thanks MJ. Keep me informed how much time we 
have ya. 
MJ: Will update once I’ve got the finalized details. 

(Whatsapp conversations: 6-7 Oct. 2017) 

Figure 4.10: Discussions with the ChemCaper team of teachers and programmer via 
   Whatsapp messages to develop a less technical quiz. 

Univ
ers

iti 
Mala

ya



85 

The team of Chemistry teachers familiar with ChemCaper was consulted to 

validate the Chemistry questions of the online interactive quiz based on the 

Chemistry contents found in ChemCaper. Google doc was used as the new online 

interactive platform as students were more familiar with Google. Furthermore, 

students were given more privacy when attempting to answer the quiz compared to 

Kahoot used in the pilot study. Finally, with Google, immediate answers were not 

provided, as this was found to demotivate students (as shown in Figure 4.9, page 81). 

4.6 Methodology of The Actual Study 

Based on findings obtained from the pilot study that was discussed in the 

previous section, the researcher made necessary changes to ensure the actual study is 

well designed (Crosswaite & Curtice, 1994). This included adding a fourth research 

objective in the research study, which was to investigate the importance of 

scaffolding for the selected iGeneration students. As such, data collection method 

was changed from Whatsapp to face-to-face interactions. In addition, a different 

interactive online quiz assessment, which has been discussed in the previous section 

was developed using Google platform to address the issues faced by students in the 

pilot study. The methodology of the actual research study includes the following 

sections:  

(i) Selection of sample 

(ii) Duration of the study 

(iii) Data collection techniques 

(iv) Procedures of research 
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4.7 Selection of Sample 

Results from the pilot study showed the need to have face-to-face interaction 

among participants and the teacher during the study period. As students with a good 

command of English were still the pre-requisite, the researcher chose to conduct the 

study in an International School, which uses the IGCSE (International General 

Certificate of School Education) curriculum. Besides having a good command of 

English, another pre-requisite fulfilled were these students have no prior knowledge 

of Chemistry. In addition, they were able to commit to participate for one hour after 

school everyday for the duration of two weeks. The method of sampling is still 

purposive sampling (Creswell, 2014) and students in Year 4, 5 and 6 who were 

interested to participate in the study were given forms to seek parental consent. The 

researcher sought to have a larger sample population. However, due to parent’s 

apprehension on digital games benefitting their child’s learning, the number of 

consents received was poor although interests among students were high. The total 

number of students who participated in the actual study was twenty (Table 4.6). 

Table 4.6 
Sample population of students in the research study 

Schooling Year Age Group Number of Students 

Year 4 10 years old 9 

Year 5 11 years old 6 

Year 6 12 years old 5 

These students of different ages were grouped together and allowed to 

interact with one another during game play as this study intended to assess the 

learning of Chemistry across different ages.  
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4.8 Duration of Study 

The duration of the research period for the actual study was two weeks, 

whereby the students were allowed to play the game for one hour after school 

everyday, from Monday to Thursday throughout the research period (Table 4.7). 

These group meetings were conducted in the Computer Lab after school hours with 

the presence of the participants’ Science teacher, the computer lab assistant and the 

researcher as an observer. The methods of data collection to measure the Chemistry 

learning attained by the students across different ages are discussed under data 

collection techniques in the following section. 

Table 4.7 
The timetable planned for play and assessments for the duration of two weeks 

Meetings Monday Tuesday Wednesday Thursday Friday 

First week Play Play Play Play Focus group interview 

Second week Play Play Play Play Focus group interview 
/Interactive assessment 

4.9 Data Collection Techniques 

Data collection techniques for the present research study are as listed: 

(i) Observations by the researcher via video recordings and daily journal of 

events observed throughout the two weeks period.  

(ii) Focus group interviews with students at the end of the first week (Appendix 

K) and at the end of the second week (Appendix L).

(iii) Interview with the participants’ Science teacher (Appendix M) on her 

observations of the students during game-play and in school. 
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(iv) Written assessments to assess Chemistry learning at the end of the first 

week (Appendix K) and at the end of the second week (Appendix L). 

(v) An online quiz administered at the end of the second week using Google 

(Appendix O) to assess Chemistry knowledge attained. 

Each and every data collection technique employed above is targeted to 

provide a more in-depth understanding to answer the research questions. For 

example, the use of video recordings besides daily journaling would provide a richer 

data to capture simultaneous complex activities and interactions in their natural 

setting. These recordings could be viewed and reviewed multiple times without 

losing its richness. Data analysis of the video recordings as discussed in the later 

section can be used to answer multiple research questions, including motivation, how 

the reinvention of Chemistry learning occurred as well as the importance of 

scaffolding. These video recordings also allowed the researcher to ask follow-up 

questions during the focus group interviews. Using the online quiz and written 

assessments allowed the researcher to assess the Chemistry learning attained from 

playing the game. However, it could not be used to explain how the learning was 

attained. This explains the reason for conducting focus group interviews as they 

allowed the researcher to understand how Chemistry learning could be attained.  

4.10 Procedures of the Research 

The present research study employed face-to-face interactions among the 

students as well as with the teachers. The physical presence of teachers as a 

facilitator during the face-to-face interactions is one of the requirements to 

investigate the importance of scaffolding for the selected iGeneration students. 
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With students having physical interactions among themselves and with the 

teachers as facilitators throughout the study period, the main source of data to 

capture the interest and motivation now came from the video recordings of the 

children while playing the game. Data collection also came from the researcher’s 

daily journal and observations by the students’ science teacher during the research 

period. In addition, questions pertaining to their opinion of the game and the 

Chemistry content learnt were asked during the focus group interview to explore the 

motivation of the selected iGeneration students in learning Chemistry using 

ChemCaper. The focus group interviews were conducted at the end of the first week 

(Appendix K) and at the end of the second week (Appendix L).  

To evaluate how much Chemistry knowledge (basic chemical symbols, 

formulae and basic chemical bonding) the selected iGeneration students who have 

not been formally introduced to Chemistry curriculum have attained from playing the 

game, data was collected from the focus group interviews and the online quiz 

administered using Google. 

The focus group interviews were administered at the end of the first week to 

assess students’ prior knowledge of Chemistry, while the focus group interview 

conducted at the end of the second week after the end of game-play was to evaluate 

the amount of Chemistry learning attained. The focus group interview questions were 

broken into four sections (Appendix K and L) with the first section aimed at 

exploring motivation. In the second section, students were required to draw as many 

apparatus and name the apparatus they have drawn if possible, while the third section 

required them to write and describe the chemical processes involved to craft potions 

needed in the game. Both these sections are written assessments designed to measure 
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ability to recall how to draw the science apparatus used in the game and physical 

separation techniques needed to ‘craft potions’ respectively. The final section of the 

focus group interviews seeks to understand how much Chemistry learning has 

occurred pertaining to Chemical bonds. Both focus group interviews were broken 

into two groups, with each group having an average of eight students after taking 

into consideration students who were absent. 

Besides the focus group interviews, the online quiz using Google was used to 

evaluate Chemistry learning attained from playing the game. To ascertain that 

Chemistry learning had occurred from playing ChemCaper, the researcher 

interviewed the participants’ science teacher to gain more insight on the students’ 

prior knowledge of Chemistry.  

As this study is aimed at understanding how ChemCaper can “reinvent” 

Chemistry learning, it is imperative not only to evaluate Chemistry learning attained 

but also describe how these students learn Chemistry at a tender age. Hence, the 

fourth research objective is an extension of the third research objective. Data used to 

describe reinvention of Chemistry learning come from video recordings and the 

researcher’s daily journaling on how the students interact among themselves to shed 

more light on how ‘reinvention’ occurs through their collaboration. Data from the 

focus group interviews (Appendix S) and the interview with the students’ teacher 

(Appendix T) were also used to assess students’ understanding and thought 

processes. Besides that, describing the reinvention of Chemistry learning also took 

into account results from the written assessment and interactive assessment to 

identify if there were any differences in Chemistry learning across age. 
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Besides student-teacher interactions, another significant intervention taken to 

investigate the importance of scaffolding for the selected iGeneration students during 

the research period was to introduce the instructional guidebook (Appendix N) to the 

students at the end of the first week as a form of scaffold. It must be noted that the 

digital form of the instructional guide is embedded in the game and students were 

encouraged to refer to it during game-play. Observations were recorded using the 

researcher’s journaling and video recordings on the use of this guide in the second 

week. Questions from the focus group interview also touched on the students’ 

opinions regarding the guidebook.  

4.11 Data Analysis Method 

The analysis of data plays a pivotal role for the researcher to provide 

meaningful insight to the raw data obtained and explanation for the concepts and 

theories put forth in this study. As the data collected in the actual study came from 

various sources as discussed under data collection techniques, data analysis involved 

organizing and managing the raw data collected, breaking it into manageable units to 

draw out patterns and themes (Patton, 1990). The researcher decided to hand code 

the data collected although this method was both laborious and time consuming. 

Mirosoft Word documents were used to assist in the hand coding method. The 

following section discusses how the raw data were organized and managed. 

4.11.1 Organizing and Managing Raw Data 

The sources of raw data from the actual study that require transcribing and 

organizing include video recordings during game play, the researcher’s journaling, 
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interview with the students’ Science teacher, audio recordings from focus group 

interviews and written assessments administered during the focus group interviews. 

An example of the video recording transcript is attached in Appendix Q. The 

researcher’s journaling example is attached in Appendix R. The example of audio 

transcripts from the focus group interviews are attached in Appendix S, while 

interview with the students’ Science teacher is attached in Appendix T.   Table 4.8 

summarizes the types of raw data collected and the process of data analysis 

conducted by the researcher, while the next section describes how the raw data is 

transcribed, coded and categorised.  
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Table 4.8 

Organization and coding of raw data (Adapted from the work of Creswell, 2014) 

Va
lid

at
e 

th
e A

cc
ur

ac
y 

of
 

th
e 

In
fo

rm
at

io
n 

Interpretation of Emerging Themes 

Generation of Themes from the 
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Coding of Transcripts 

Read through the Transcripts 

Transcribe Raw Data Verbatim 

Raw Data 

Video 
Recording 

Audio 
Recording 

Focus Group 
Interviews 

Researchers 
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Written 
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4.11.2 The Importance of Video Analysis 

During the course of data collection, the researcher discovered the many 

benefits of video recording above other methods such as journaling, audio recording 

and written assessment. Although one can transcribe speech from an audio recording, 

justice can hardly be done to describe actions, facial expressions, gestures, gaze, tone 

of voice and cadence that occur simultaneously unless captured in a video. 

According to Ramey et al. (2016), video recording captures much more than just 

both audio and visual data as it allows the researcher to take into account multiple 

perspectives of the data collected. For instance, from the video recordings, the 

researcher was able to observe the actions, facial expressions, gaze and gestures of 

student B that showed his anxiousness but a frozen screenshot shown in Figure 4.9, 

page 81 required descriptions to show his anxiousness.  

Another added advantage of video data is the opportunity to play the video 

over and over again to have a more complete representation and understanding of the 

whole context. For example, in another video data, labeled as V10_Nov1 that lasted 

forty seconds, three students were seen synchronizing their game play in the 

foreground although ChemCaper is a single DRPG. Teacher MJ assisted them in 

their battle against the boss (chief monster). At the same time, student DE10 and 

DE16 were seen helping student DE9 with her battle combination. Next to them, 

student DE12 jumps excitedly as he battles with the boss, student DE10 goes over to 

cheer him on while other students gave a look while engrossed in their own game. 

Teacher Jac starts taking a video of their excitement while teacher J walks over 

looking excited. Meanwhile, the students in the foreground started raising their hands 

in jubilation as they win the boss. When student DE12 won his battle, he waves his 
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hand, shouts and jumps up and down in jubilation as student DE10 also raises his 

hands and shouted excitedly while checking student DE12’s rewards. A sequence of 

screenshots of the video, V10_Nov1 is shown in Figure 4.11 to describe the 

sequence of observations illustrated by the researcher. These screenshots do little 

justice to the unique analytical affordances that the rich source of video data 

provides.  

 

Figure 4.11: Screenshots of video V10_Nov1 to show the rich data for analysis. 

 

4.11.3 Data Transcription, Coding and Categorisation 

 All audio and video recordings captured via the researcher’s mobile phone 

were downloaded to the researcher’s computer to be kept for further analysis. Data 

analysis began by labeling the various sources of data. For example, in Figure 4.11 

above, video V10_Nov1 means this video was the tenth video captured on November 

1st.  All these data were then transcribed verbatim using Microsoft Word and the 

videos were replayed to ensure all aspects of the observations were captured in 

transcriptions. Appendix Q shows an example of video recording transcripts, while 

Appendix R showed an example of the researcher’s journaling. These transcripts 

along with the videos were then sent to the researcher’s peers (mentioned in peer 

review under the reliability and trustworthiness) that acted as her panel for peer 

review. An example of the audio transcript from the focus group interviews is 

attached in Appendix S, while interview with the students’ Science teacher is 
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attached in Appendix T. The next step in the data analysis was to identify early codes 

from reading through these transcripts. The early codes were peer reviewed by the 

panel of peers and also validated by the students’ Science teacher (member checks) 

as discussed by the researcher in the reliability and trustworthiness section. An 

example of identifying early codes from part of a transcript is shown in Table 4.9. 

 

Table 4.9 
Identification of early codes from video observations and descriptions  

Video 
codes 

Memo of video observation /description Early codes 

V1_Nov2 DE14 bought Magnesium orb and DE10, DE17, DE15 
are discussing about his battle combo. The students are 
very familiar with the game and know Cryo is not 
suitable for winning battles in Reacta. When the 
researcher questions them, they agree that Sodi-U, 
Ptassyum and Brom brom is better in this section. 
DE15 writes and lends his combo book to his friends. 

Intense discussion, 
familiarization, game 
mastery, game 
analysis, game 
planning and strategy, 
knowledge provider 

V2_Nov2 The students are engrossed in their games and DE12 is 
excited to get a new petticle. DE10 congratulates DE12 
with the new petticle (bitty Lith). At the same time, 
DE10 is checking the requirements to bond Sal-T.  He 
then proceeds to choose the card, orbs and Iobon. He 
claps and cheers excitedly when he gets his first Sal-T 
and exclaims, “Yay! Finally! So cute”.  

Engrossed, immersed, 
engaged, excitement, 
encourage, 
collaboration, 
discussion, gains 
knowledge, joy, 
delight, cheers 

V3_Nov2 The students check with each other which world they 
are in. DE13 asked his friends why DE17 is missing. 
DE18 asks DE15 for help with petticle bonding. 

Collaboration, 
concern, teamwork, 
seek help, assistance 

V4_Nov2 DE7 is helping DE8 with her battle combo and 
explains why he uses Cryo, Ptassyum and Oxyto in his 
battle combination. 

Assistance, analysis 
and evaluation 

V5_Nov2 DE7 announces his first gritty (level 3) Magness and 
this brings DE11 and DE16 to view it. 

Excited, Sense of 
achievement,  

V6_Nov2 DE10 is happy he can go to Xenon. DE12 is excited he 
got a new petticle, Flowyn. He does the dab. DE7 
explains why he prefers to use Flowyn in ReacTa. 
DE10 also gets a new orb, Flowyn. He is so happy to 
get rewards by talking to the NPC. Both he and DE12 
are at the same speed. He is excited to accept a new 
quest and can’t wait to bond more Flowyn. At the 
background, DE7 is seen helping DE8. 

Delighted, excitement, 
sense of achievement, 
game analysis, 
happiness, joy, 
cooperation and 
collaboration, 
teamwork, confident, 
scaffolding 

V7_Nov2 DE10’s confidence level is very high and he feels this 
winning is a piece of cake. He says “it is so easy you 
know”. In the background, teacher J is helping DE8. 

Confidence, elated, 
scaffolding, “so easy”, 
guide, encourage 
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 The early codes were numbered and the frequency of codes that appeared the 

same was recorded. Subsequently, codes that had similarities in their meaning of 

words, phrases or events were categorized together. Next, these categories were then 

analysed to generate themes and emerging themes based on the relationship between 

codes, the code frequencies and underlying meaning of these code that corresponds 

to the research objectives of this study. Peer discussions with the panel of peers, 

familiar with data transcription and coding were consulted to validate the early codes 

obtained in Table 4.9. These peers were also consulted to validate the generation of 

themes. For example, Table 4.10 shows the generation of themes to measure the first 

research objective, motivation for the actual study.  

Table 4.10  
Themes generated for motivation from the reduction of early codes  
Themes Reduction of early codes/data 

 

 

 

Situational 
Interest 

Engagement Alert, focused, attentive, participative, responsive, 
engrossed, duration spent of playing, entertaining, intense 
discussion 

Flow 
Experience 

Unwilling to shut down, complete engagement, craving for 
more, winning battles and getting rewards, Sense of 
accomplishment, Immersed 

Environmental 
factors 

Teamwork, cooperation, collaboration, competition, support, 
inclusion, social acceptance 

Active Participation Ask questions, take notes, compare notes, plan, discuss, 
constantly exploring,  

Challenges Overcoming obstacles, preference towards certain petticles, 
competency, winning, rewards, developing battle strategy, 
makes effort to learn,  

Positive Emotion Satisfaction, Happy, alive, fun, excited, enjoyment, elation, 
jump and scream in excitement, do the dab, cheers, high 
five, jubilation, confidence, stimulated, delighted, assertive, 
encouraged, joy, curiosity, immersed, adventure, interested,  

Self-efficacy Well prepared, self efficacy to learn and master the game, 
analyses, planning & strategizing, keep records of battle 
combinations, monitors stock of apparatus and petticles, 
autonomy 
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To evaluate the Chemistry knowledge attained by the selected iGeneration 

students, the researcher put forth a list of criteria to measure the levels of attainment 

based on the Chemistry content found in ChemCaper. The list of criteria identified is 

as follows: 

a) Students’ ability to draw and list apparatus all 13 apparatus used in 
ChemCaper. 

b) Students’ ability to list all 7 physical separation techniques used in 
ChemCaper. 

c) Students’ ability to name all 5 types of Covabon (covalent bonding) found in 
ChemCaper. 

d) Students’ ability to name all 5 types of Metabon (metallic bonding) found in 
ChemCaper. 

e) Students’ ability to name all 2 types of Iobon (ionic bonding) found in 
ChemCaper. 

f) Online Interactive quiz scores after completing the study duration. 
 
 Based on the deliberation between the researcher and panel of peers, the 

researcher developed a criterion-referenced assessment consisting of three levels to 

evaluate the Chemistry knowledge attainment by the selected iGeneration students as 

shown in Table 4.11. Each level of attainment is allocated a range of marks based on 

the students’ ability as illustrated in the general description, which serves as a guide. 

The maximum accumulated score for the first five criteria is 32 marks and the range 

of acceptable marks to score a strong level of Chemistry attainment is between 22 

and 32 marks coupled with an online interactive quiz core of 85% and above.Univ
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Table 4.11  

The levels of Chemistry knowledge attained by the selected iGeneration students  
Levels of Attainment   General description of each level of attainment 

Strong Attainment 

(22 to 32 marks and 
quiz score of 85% and 
above) 

i.) Can draw and name between 8 to 13 apparatus (13 marks) 
ii.) Can list between 5 to 7 physical separation techniques (7 

marks)  
iii.) Can name between 4 to 5 petticles for Covabon (5 marks) 
iv.) Can name between 4 to 5 petticles for Metabon  
v.) Can name up to 2 petticles with Iobon 

vi.) Online interactive quiz score: 85% and above 

Average to Good 
Attainment 

(10 to 21 marks and 
quiz score of between 
60% - 84%) 

i.) Can draw and name up to 8 apparatus,  
ii.) Can list up to 5 physical separation techniques,  

iii.) Can name up to 3 petticles for Covabon, 
iv.) Can name up to 3 petticles for Metabon  
v.) Can name one or both petticles with Iobon 
i.) Online interactive quiz score: 60% to 84% 

Weak to Average 
Attainment 

(1 to 10 marks and quiz 
score of less than 
60%) 

i.) Can draw and name 4 or less apparatus,  
ii.) Can list 2 or less physical separation techniques,  

iii.) Can name less than 2 petticles for Covabon, 
iv.) Can name less than 2 petticles for Metabon  
v.) May not be able to name any petticles with Iobon 

vi.) Online interactive quiz score: less than 60% 

 

 To describe the reinvention in Chemistry Learning by the selected iGeneration 

students through playing ChemCaper, the researcher triangulated data from the audio 

and video transcriptions (Table 4.9, page 93), with the students’ Science teacher 

interview and the students' levels of Chemistry knowledge attainment (Table 4.11). 

From the triangulation of these data, descriptions of each characteristic in the 

‘reinvention’ of Chemistry learning are as shown in Table 4.12. The characteristics 

presented in Table 4.12 were the result after discussions with the panel of peers. 
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Table 4.12  

Characteristics in the ‘reinvention’ of Chemistry Learning by the selected 
iGeneration students.  
Characteristics in the 
Reinvention of Chemistry 
Learning 

Descriptions of each characteristics in the reinvention of 
Chemistry 

Attainment of Chemistry 
knowledge before formal 
Chemistry Learning 

Students able to construct new knowledge through game-
play, students have strong attainment of Chemistry 
knowledge and are able to explain 

Attainment of Chemistry 
knowledge across age 

Collaboration and cooperation across age to attain 
knowledge, MKO peers provide assistance, younger 
students are equal or more able to construct new 
knowledge compared to older peers, younger students are 
able to act as MKO, 

 *Head Fake (learning 
Chemistry by mastering the 
game) – emerging theme 

(i) Strategizing skills to battle alycons and level up, 
(ii) Repetitive skills training to master drawing and 

naming apparatus, crafting potions and bonding 
petticles.  

(iii) Random learning based on situation and needs of 
player (non-linear learning of Chemistry).  

Implicit to Explicit 
Learning – emerging theme 

State type of bonds, able to connect petticle bonding 
with Chemical bonding, able to name or describe the 
apparatus needed and chemical process involved in 
crafting potions, explain the transfer of electrons, explain 
the sharing of electrons, meaningful learning, attainment 
of Chemistry knowledge from playing the game 

*Head Fake – this form of indirect learning posited by Randy Pausch has been 
discussed in the introduction of chapter three, page 52.  

 

 Findings from the pilot study (discussed in page 71) pointed to the need for 

scaffolding to provide motivation, guidance and assistance that helped convert 

implicit learning to explicit learning. This led to the addition of an emergent research 

objective to investigate the importance of scaffolding for the selected iGeneration 

students. Hence, based on the identification of early codes from audio and video 

transcripts (example provided in Table 4.9) and focus group interview transcripts, the 

themes generated to investigate the importance of scaffolding for the selected 

iGeneration students are shown in Table 4.13. The themes identified by the 

researcher have been peer reviewed to ensure reliability and trustworthiness. 
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Table 4.13  
Themes generated to investigate the importance of scaffolding for the selected 
iGeneration students.  
Categories/Themes Reduction of early codes/data 

Motivator High five, encouragement, guide, create interest,  
Scaffold Assistance, help, explain, knowledge provider, 

MKO Students seek help from, guide weaker students, 

 

4.12 Trustworthiness of The Study  

 According to Lincoln and Guba (1985), the trustworthiness of a qualitative 

research is important in evaluating its worth. There are four aspects of 

trustworthiness that must be established: 

(i) Credibility,  

(ii) Dependability  

(iii) Transferability,  

(iv) Confirmability,  

 

4.12.1 Credibiity  

 Credibility is the most important aspect to establish trustworthiness. It is the 

equivalent to internal validity in quantitative research and gives confidence to the 

truth of the findings (Lincoln & Guba, 1985). Strategies employed by the researcher 

to ensure credibility include: 

a) Triangulation of data. The main strategy employed by the researcher to ensure 

credibility is triangulation of data. Different data sources are examined and the 

evidences obtained are triangulated. For example, the audio and video 
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recordings of participants by the researcher are coded and triangulated with 

data from focus group interviews and data from interviewing the participants’ 

Science teacher to investigate the interest and motivation of the selected 

iGeneration student on using ChemCaper.  

b) Member checks. The data that have been transcribed and coded from the 

interview between the researcher and the students’ Science teacher was 

emailed to her for feedback and to seek her confirmation on the trustworthiness 

of the researcher’s interpretations of the findings.  

c) Reporting contrary findings. The researcher conducted a pilot study to ensure 

that data collection methods were practical. Contrary findings that were 

opposing to the objectives of the research in the pilot study were presented and 

queried resulting in modifications of data collection methods in the actual 

study to ensure data sources collected were credible.  

 

4.12.2 Dependability 

 In a qualitative study, dependability aims to ensure the research findings are 

consistent and repeatable. This can be achieved by ensuring the findings are 

consistent with the raw data collected and that other researchers would arrive to 

similar interpretations and conclusion when looking over the data.  In order to ensure 

dependability, the research employed the following technique: 

a) Audit trail. The researcher kept detailed records of the research paths. All data 

collected are dated and labeled for easy reference. For example, In Figure 4.11 

the video is labeled V10_Nov1 to provide the researcher easy reference. 

b) Peer review. The data analysis was discussed with a panel consisting two of the 

researcher’s peers to verify the instrumentation and data collection techniques 
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were reliable and dependable. The first peer is a lady who has just completed 

her doctorate degree and has eleven years of teaching Chemistry experience. 

The second is another lady who holds a Masters degree in Science Education 

with ICT (Information and Communications Technology) and has over five 

years of teaching Chemistry experience. The data collection techniques and 

analysis were discussed with both ladies via email and Whatsapp. 

 

4.12.3 Transferability 

 Transferability corresponds to external validity and refers to the degree to 

which the research results may be generalized or transferred from the original 

research situation to other contexts or settings (Bitsch, 2005). This can be achieved 

by purposeful sampling and providing thick description of the research context and 

underlying assumptions that surround the data collection. The researcher used 

purposive sampling to ensure that the sample population fits the research objectives 

of the study. In addition, the following techniques were taken to ensure 

transferability: 

a) Use of rich, thick description. Video recordings used allowed the researcher to 

capture actions, facial expressions, gaze and gestures that provided a rich, thick 

description of the context from the video analysis. In addition, multiple 

perspectives of the data collected could also be described as the video data 

could be replayed multiple times. The many benefits of using video analysis 

had been described in detail under the importance of video analysis, in the 

above section. Besides video recordings, audio recordings also allowed the 

researcher to provide to capture the various responses of students that at times 

occur simultaneously due to their candid nature during focus group interviews.  
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b) Clarify bias. One method to provide thick description is to provide a more 

detailed account during data collection. This includes explanation on reducing 

bias. The researcher set herself up as an observer and was not involved in 

providing scaffold during the research period. This ensures the data collected 

was not subjected to participant bias. 

 

4.12.4 Confirmability 

 Confirmability refers to the degree to which the results could be confirmed or 

corroborated with others (Baxter & Eyles, 1997). Methods to ensure confirmability 

include audit trail, member checks and triangulation (Lincoln & Guba, 1985). All 

these methods have been discussed in previous sections.  

 

4.13 Summary of the Methodology 

In conclusion, the main objective of the study is not only to explore the 

possibility of using the selected DRPG to “reinvent” the way students learn 

Chemistry across ages, but also to study the ability of students who have not reached 

the formal operations stage to fully grasp the concepts of Chemistry through playing 

a digital game with the assistance of a teacher as facilitator. Table 4.16 shows the 

summary for the methodology and data analysis, while the next chapter presents the 

findings and discussions of the study.  
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Table 4.14 

Summary of Methodology 

Research Objectives Research Questions 

 

 

 

 

 

Data Collection Technique Data Analysis Method 

1. To explore the motivation of 
the selected iGeneration 
students to learn Chemistry 
using ChemCaper. 

 

1. How is the motivation of the 
selected iGeneration 
students in learning 
Chemistry  using 
ChemCaper? 

 

i.) Video recording and daily 
journaling by the researcher. 

ii.) Interview data from observations 
by the students’ Science teacher. 

iii.) Focus group interview with the 
students. 

 

a. Raw data were transcribed.  
b. Early codes were collapsed. 
c. Themes were generated. 
d.  Data from various sources 

were triangulated to find 
common themes in interest 
and motivation 

2. To evaluate the Chemistry 
learning attained by the 
selected iGeneration students 
who have not been formally 
introduced to Chemistry 
curriculum after playing 
ChemCaper. 

 

2. What Chemistry knowledge 
has the selected iGeneration 
students attained after 
playing ChemCaper? 

 

i.) Interview data from observations 
by the students’ Science teacher. 

ii.) Focus group interview with the 
students. 

iii.) Written assessment during 
interview. 

iv.) Results from the Google online 
interactive quiz. 

 

a. Students’ ability to draw and 
list apparatus. 

b. Students’ ability to list the 
physical separation 
techniques. 

c. Students’ ability to list types 
of Chemical bonds. 

d. Google  online quiz results 
were scored Univ
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3. To describe the ‘reinvention’ 
in Chemistry learning from 
playing ChemCaper. 

3. What is the ‘reinvention’ in 
Chemistry learning among the 
selected iGeneration students 
when they learn Chemistry from 
playing ChemCaper? 

 

i.) Video observations and daily 
journaling by the researcher. 

ii.) Interview data from observations   
of the students’ Science teacher. 

iii.) Focus group interview with the 
students. 

iv.) Written assessment during 
interview. 

v.) Results from Google online 
interactive quiz. 

a. Raw data were transcribed. 
b. Early codes were reduced. 
c. Descriptions of characteristics 

of ‘reinvention’ in Chemistry 
learning identified.  

d. Students’ levels of Chemistry 
learning used as comparative 
analysis to triangulate  the 
characteristics. 

4. To investigate the importance 
of scaffolding for the selected 
iGeneration students.  

4. How does the presence of 
scaffolds affect the dynamics of 
learning for the selected 
iGeneration students? 

 

i.) Video observations and daily 
journaling by the researcher. 

ii.) Interview data from observations 
by the students’ Science teacher. 

iii.) Focus group interview with the 
students. 

Video observations, daily journal 
and data from interviews were 
coded and themes generated. 
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CHAPTER 5 

FINDINGS AND DISCUSSION 

 

5.1 Key Findings 

 This chapter puts forth the findings and the discussions that entail each finding 

for each research objective of the present study. The findings of the study were 

obtained from the analysis of data collected from various channels as discussed in 

Chapter 4, Methodology.  

 Key findings from this study showed that students were very motivated to play 

ChemCaper. Situated learning occurred through “head fake”, whereby students 

thought they were playing and mastering a digital game without realizing they were 

actually learning Chemistry. The game had allowed the selected students to attain 

substantial amount of Chemistry knowledge even though they have no prior 

Chemistry knowledge and are below the cognitive age of learning Chemistry. In 

addition, Chemistry learning using ChemCaper was found to be non-linear and skills 

based instead of age based. Finally, the research also points to the importance of 

scaffolding in the selected students’ attainment of Chemistry knowledge. Figure 5.1 

shows an illustration of the key findings while the following sections discusses these 

findings in detail. 
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Figure 5.1: Key findings show the benefits of playing ChemCaper 

 

5.2 The Motivation of the Selected iGeneration Students to learn Chemistry 

 In the first section of the analysis based on observational notes, interviews with 

the students’ Science teacher, focus group interviews and video recordings collected 

on ChemCaper, themes were generated to capture the motivation of students while 

playing the game. In the following section, each theme is discussed in detail to 

answer the first research question while Figure 5.2 shows the summary of the themes 

generated. 
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Figure 5.2: Themes generated for motivation among the selected iGeneration  
   students 
 

5.2.1 Situational Interest 

 It was discovered that situational interest played a very important role on 

influencing the students’ intrinsic motivation to master the game and learn 

Chemistry. According to Schraw, Flowerday and Lehman (2001), an engaging game 

that provides the right amount of challenge creates situational interest, which in turn 

will increase the instrinsic motivation of students. The categories of situational 

interest include engagement, flow experience and environmental factors, as 

discussed below: 

 

5.2.1.1 Engagement 

 Data from the video recordings showed that the focus and attention of the 

selected iGeneration students towards the game were intense. There was not a 

moment of boredom as these students played the game and if a picture is worth a 

thousand words, Figures 5.3 and 5.4 are screen shots taken to show a few examples 

MOTIVATION  

(a)	Situational	
Interest: 

§ Engagement 
§ Flow	experience 
§ Environmental	
factors 

 

(b)	Active			
participation 

 

(c)	Challenges 

 

(d)	Positive	
Emotion 

 (e)	Self-efficacy 
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of the engagement among students that goes on throughout the class sessions 

everyday throughout the study period. These screenshots show various actions and 

emotions such as being alert, focused, attentive, participative, responsive and 

engrossed. It also shows students are very entertained as they cheered and raised 

their hands in jubilation after defeating an alycon or the Boss. Students were seen 

constantly in intense discussion as they seek help from peers that were MKO.   

 

 

 

Figure 5.3: A common scenario when students defeat an alcyon and receive their 

   rewards. 

 

 

 

Figure 5.4: Students cheer and raise hands in jubilation after defeating the ‘boss’ 

 Data collected from the focus group interviews and the science teacher’s 

observations showed similar results. An excerpt from the science teacher’s 

observations is as follows: 

  “They were very motivated and engaged. The game was very immersive for 
 them and it made them determined to find ways to move forward in the game”.  

(Interview with students’ Science teacher: 18 Nov., 2017)  
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While interview excerpts below show the thoughts of students about the game: 

 DE15:  “I like that you can spend your time playing a game and learn at 
   the same time so you get like 2 in. I like that, it is also fun and  
   exciting.” 

 DE5:    “We can fight and make many potions.” 

(Focus Group Interview: 10 Nov., 2017) 

 

5.2.1.2 Flow Experience 

 The researcher found from the focus group interviews that these students had a 

sense of accomplishment every time they defeated the Boss and moved on to the next 

level. In fact, video recordings showed students were completely engaged with the 

game from the moment they switched on the computer and many were unwilling to 

shut down when the time is up. Three students even came in a few minutes earlier to 

continue the game during the research period and when students were supposed to 

leave, many hovered to play a few more minutes. One student, DE13 asked for more 

time as he wanted to get into the next world. The researcher also noted that many 

students look forward to bonding Cryo as it was effective in freezing the alycons. In 

addition, the rewards they received for defeating alycons gave them the sense of 

achievement and ‘feel good’ factor. Two examples of student responses were: 

 DE11: “I like fighting the alycons n boss but I get really nervous sometimes.” 

 DE9: “We get to find these type of materials like oxygen, lithium, and then we 
   can make them into particles that help us fight the monsters.” 

(Focus Group Interview: 10 Nov., 2017) 
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 This flow experience provided by the game prompted students to ask when the 

sequel for ChemCaper would be out during the focus group interview as shown in 

the excerpt below: 

  DE15:  “I just only ask teacher when is the other four chapters   
      coming out.” 

 DE8:  “I want to know what happens”. 

(Focus Group Interview: 9 Nov, 2017) 

 Screenshots from Figure 5.3 and 5.4 further evidenced the complete 

engagement and flow provided by ChemCaper, especially when they received 

rewards from battle wins. This flow experience had been described by 

Csikszentmihalyi (1990) as a critical factor that keeps players interested as has been 

discussed under definition of terminologies (page 16) in the first chapter of this 

study. 

 

5.2.1.3 Environmental Factors 

 Analysis of the researcher’s journal showed the importance of other players to 

increase the interest towards the game. With the presence of other players, elements 

such as teamwork, cooperation, collaboration, competition and support come into 

play. These elements lend a hand to motivate players in various ways, for example, 

Figure 5.5 shows student DE7 helping student DE8 with her game. He has been 

helping student DE8 to play and understand the game better and this has helped to 

increase her motivation to play and learn Chemistry. 

 

Univ
ers

iti 
Mala

ya



 

  113 

 

 
 

 

 

 

Figure 5.5: Student DE7 is seen advising student DE8 with her battle arrangement 
   combination. 

 The researcher also noted that the motivation of student DE8 was affected 

when student DE8 was absent as was recorded in the researcher’s journal:  

 Today, student DE8 was a little discouraged when student DE7 was   
 missing as he has been helping her with her game play. She asked   
 teacher MJ why student DE7 did not come. 

(Researcher’s journal: 1 Nov., 2017) 

 

 Another example of support, teamwork and inclusion can be seen in the right 

picture of Figure 5.6. In this picture, student DE15 was busy advising his friends, 

DE18, DE14 and DE13 on how to arrange their combo for battle.  

 In addition, the researcher found many students chose to synchronize their 

game-play even though ChemCaper is a single player DRPG (Figure 5.13). It is 

evident that the interest and motivation of players increased when they played 

together. This social inclusion allowed them to discuss, cooperate, collaborate and at 

times even compete with each other. A series of screenshots shown in Figure 

4.11(page 94) under the importance of video analysis in Chapter Four captures the 
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essence of the researcher’s analysis. Supporting screenshots can also be seen in 

Figures 5.3, 5.4, 5.5, 5.6 and 5.13.  

 

5.2.2 Active Participation 

 From the findings presented above, students were constantly seen grouping 

together to compare notes, discuss and ask each other or the teachers for help. For 

example, students DE2, DE3, DE5, DE6, DE8, DE9, DE10, DE11 had many 

questions as they played the game and needed assistance on science process skills 

when crafting damage potion that needed the use of the Bunsen burner and Liebig 

condenser. These students showed tremendous interest (in Figure 5.6) as they were 

trying to craft more potions and make more petticle to level up. Besides that, students 

who decided to synchronize their game-play were able to compare notes when they 

encounter difficulties. This move helped them to plan, discuss and explore more 

effectively as they get support from each other. Screenshots from Figures 5.3, 5.4, 

5.6 and 5.13 showed evidences of active participation of players in ChemCaper.  

 Figure 5.6: On the left, two girls are seen discussing which potions to use and on the 
 right, the boys are seen discussing battle combinations. 

 

 Interview excerpts with the students’ science teacher also showed that she 

noticed them getting together in groups to discuss the game during schooling hours: 
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 “Even in their classrooms and in the corridors…. they got together in a group, 
 teaching and discussing the mechanics of the game and what they observed 
 during game play.” 

(Interview with students’ Science teacher: 18 Nov., 2017) 

 

 

 In addition, it could be concluded that as a result of active participation, fifteen 

out of the total number of participants (n=19) showed moderate to strong attainment 

of Chemistry knowledge as discussed in the next section. In conclusion, the 

continuous active participation of the students led to stimulating mental activities 

that allowed them to actively construct new knowledge through active learning as 

was proposed by Randi and de Carvalho (2013) in the findings of their research.  

 

5.2.3 Challenges 

 At the onset of the research period, from the video recordings captured, the 

researcher could see that energy level were high among the students (screenshots in 

Figure 4.11, Figure 5.3 and 5.4). According to the game developer, 

 “One of the elements of ChemCaper is providing pleasant challenges to keep 
 players interested and motivated to overcome these challenges.” 

(Conversation with game developer: 26 June 2017) 
 

 One of the outcomes of challenges faced is forming an affinity or preference 

towards a certain petticle. When probed in the focus group interviews, some 

responses received showed certain particles gave the players an edge in fighting 

battles. Some of the justifications recorded were: 
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 DE10:  “Sal-T because he can last so many rounds.  Like Cryo and  
   everything can generally lasts about two rounds but Sal-T can last 
   double that.” 

 DE9:   “I like Sal-T because he does a lot of damage.” 

 DE4:   “Gritty Magness and Cryo…. because these two make a combo  
   really good.” 

 DE15:  “Everyone loves Magness… I put double gritty Magness and one 
   cryo and I defeat all of them.” 

(Focus Group Interviews: 9 and 10 Nov., 2017) 

 

 The challenges they experienced during game-play motivated them to find the 

best solution to win battles and from their analysis, evaluation and discussion with 

other players (Figure 5.6), they formed deductions why they preferred certain 

petticles to others. The rewards they received after defeating the alycons was also a 

motivation for them as shown in Figure 5.3 and 5.4. Focus group interview excerpts 

supporting these findings include:    

 DE11:   “I like fighting the alycons n boss but I get really nervous   
   sometimes.” 

 DE8:   “I get to bond petticles and defeat bosses. Plus I love the rewards” 

(Focus Group Interviews: 9 Nov., 2017) 

 

 In addition, challenges encountered also helped developed student’s 

willingness to learn and master the game as shown in the excerpt below:   

 DE16: “The best thing is that you can make your own strategies on how to 
   defeat the monsters.” 

(Focus Group Interviews: 10 Nov., 2017) 

 

 According to Hamari et al. (2016), which was mentioned in Chapter three; 

constant developments of challenges in a digital game as player abilities grow could 
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provide the immersion and engagement needed in learning. These data collected also 

supported the idea postulated by Resnick (1987) in Chapter two, literature review 

that motivated students would engage more easily in challenges through a realm of 

discovery learning to create meaningful learning. 

 

5.2.4 Positive Emotions 

 Students were excited with the prospect of playing a DRPG. The students’ 

teacher mentioned in an interview that students who were given permission by their 

parents to participate in ChemCaper kept asking her when the research would begin 

and were counting the days before it started, as they could not contain their 

excitement. According to the science teacher, this state of excitement was felt 

beyond gaming hours, during school-time as she noted that: 

  “The game made some students come alive and more willing to ask questions 
 because they see their friends progress so they also want it and end up asking 
 their peers or the teachers”.  

(Interview with students’ Science teacher: 18 Nov., 2017) 

 She was also pleasantly surprised by the change in attitude of one boy named 

DE10, which she described as very quiet and reserved: 

 “DE10 is normally very quiet in class. He seldom speaks but after  starting 
 this game, he has become very chatty, more confident and interested in 
 Science.” 

(Interview with students’ Science teacher: 18 Nov., 2017) 

 

 Throughout the duration of the study, video recordings and journaling by the 

researcher found the class to be filled with positive energy as students chatted, sung 
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songs and interacted with each other and the teachers while playing the game. For 

instance, Figure 4.11 (page 94), 5.3 and 5.4 showed students jumping with joy, 

waving their hands in happiness, doing the dab, cheering each other when fighting 

the Boss, encouraging each other with high five and screaming in excitement. In 

addition, the immediate intervention from friends and teachers, especially when 

fighting with the Boss helped encourage students and boost the confidence of 

students who were less competent.  

 In addition, students were seen chatting excitedly when they bonded certain 

petticles. The researcher found through dialogues with the students that many were 

drawn to the cute little petticles. Cryo (Nitrogen) was one of their favourite petticle 

for various reasons and examples of excerpts from focus group interview sessions to 

support were:  

 DE9:   “ I like Cryo because it's strong, and the design is very cute.” 

 DE10:  “Cryo is my most favourite.” 

 DE7:   “The reason I like Cryos in Camp Ungku is because Oxyto does  
   too less damage, and potassium is more for healing, so Cryos is the 
   main option among these three.” 

(Focus Group Interviews: 10 Nov., 2017) 
 

 At the end of the research period, focus group interview findings showed 

students were very interested in the game:   

 DE18:  “Teacher I got some more, I'd like to say that ChemCaper to me is 
   a 5 star game for educational and fun purposes.” 

 DE14:  “No it's not 5 star it's 6.” 

 All students: “One million stars!” 

 DE13:  “Actually you know what, I’ll give it infinity.” 

(Focus Group Interviews: 10 Nov., 2017) 
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 The researcher discovered two students had downloaded the game to continue 

playing at home, while student DE9 asked the researcher how to purchase the game 

as her father found the game had benefitted her very much and would like her to 

continue playing the game at home too. Besides that, all the students were asking for 

the sequel to ChemCaper. Excerpts of some conversations are as follows: 

 DE8:   “Teacher, I downloaded it already.” 
 DE3:  “Me too.” 
 DE10:  “Teacher, I'm waiting for ChemCaper 2!” 
 Other students:  “Yeah, ChemCaper 2!” 

(Focus Group Interviews: 10 Nov., 2017) 
 

 Studies from Pew Internet Org (2008) found that almost all kids play digital 

games and most often than not, parents need to set limits to the amount of time 

played. One of the key findings from a longitudinal study conducted by Kaiser 

Family Foundation (2010) shows the time spent on playing games for children aged 

8 to 18 have increased from an average of 26 minutes per day to over one hour in the 

last ten years. Another study conducted by Entertainment Software Association 

(2015) states that video games are ingrained in our society, while The Guardian 

(2013) reports that children spend significant time playing games online due to their 

interest.  

 

5.2.5 Self-efficacy 

 The attribute of planning and strategizing were seen throughout the game-play 

period. These attributes included taking notes and comparing notes, planning, 

discussing battle combinations and strategies to gain the most points. Students also 

kept stock of their apparatus, potions and petticles in their inventory. In a screenshot 
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shown in Figure 5.7, student DE15 can be seen recording his every battle 

combinations. During the focus group interview session, the researcher found that 

this is his fifth time playing ChemCaper and through his continuous exploration 

(discovery learning), he found that different battle combinations would produce 

different battle outcomes in terms of the strength of one’s defense, damage done to 

the opponent and the value of points rewarded. His “battle combo” book had become 

the reference point for many of the other students as they consult him and each other 

when planning to battle the Boss and according to him, he discovers something new 

everyday: 

 DE15: “My main account where I was in Sub Rosa, and I’m already close 
   to finishing, and I had all the petticles so I decided to come up with 
   all the combos so I know what to use, so I started writing down all 
   the combos that I managed to make.” 

(Focus Group Interviews: 10 Nov., 2017) 

 

Figure 5.7: Student DE15 recording a new battle combination while strategizing his 

  game-play.  

 

 According to Maehr and Meyer (1997), motivation shown towards specific 

goals can lead to an increase in effort and energy in activities related to their 

motivation. These efforts in activities can be clearly seen in student DE15 who 

actually took the initiative to record all his battle combinations for further use. Other 
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students were also seen constantly grouping to discuss, plan and strategize in battle 

combinations and game-play as shown in Figures 5.6 and 5.13.  

 

5.3 Chemistry Knowledge Attained by the Selected iGeneration Students 

 From the findings discussed in the previous section, ChemCaper has certainly 

met the expectations of the players to provide interest and keep them engaged and 

motivated to the point of students asking for the sequel to be produced. However, 

evaluation of the learning outcomes is also necessary to assess the knowledge 

attained among the iGeneration students. 

 Findings from the actual study showed that most students had no problem 

navigating around in the game with most students completing ChemCaper by the end 

of the study period. Students who encountered problems could easily ask friends and 

the teachers on duty for help. By the first day, most of them knew how to trace 

apparatus, make potions, fight alycons and bond petticles. Teachers were on hand to 

advise students and show them how to use the Chempendium as reference, especially 

for types of Chemical bond needed to bond petticles.  

 At the end of the first week, results from the focus group interviews showed 

some students have progressed better than others in recalling the apparatus they 

traced, potions they crafted and petticles they bonded, but most of them showed 

limited ability to draw apparatus and craft potions. For example, in Figure 5.8, the 

left picture showed the drawings and names of only two apparatus by student DE6 at 

the end of the first week. However, the same student was able to draw and name six 

apparatus at the end of the second week.   
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First week drawings Second week drawings 

 

 

 

 

 
 

 
Description of the above drawing: 
 
Centrifugal- making health potion. 
Test tube 

 

 

 

 
 
 
 
 

Description of the above drawings: 
 
Test tube- to pour in potions 
Beaker – to pour potions. 
Round bottom flask, Conical flask, 
Tripod stand, Thermometer 

 

Figure 5.8: Comparison of apparatus drawing and naming of student DE6 

 Knowledge of Chemical bonding was also limited knowledge as the researcher 

found that students relied on either colour or positions of the buttons to choose the 

right chemical bond when making petticles as shown in Figure 5.9. 

 

 

 

 

 

 

Figure 5.9: Petticles are made by choosing the correct combination of orbs, card and 
  bond type in the ’Petcubator’  
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  However, after the students were given an instructional guide called the 

ChemCaper Chempendium (Appendix N) at the end of the first week, Chemistry 

learning took a twist in the second week as students could now physically see all that 

they have been doing online offline. The researcher observed these books being 

passed around on the second week of game-play as those who forgot to bring their 

copies borrowed from friends. The beautiful pictures and illustrations caught their 

interest and the book became their point of reference throughout the second week. 

Students also became more aware of the Chemistry content in the game, as they were 

now using the terms Covabon, Iobon and Metabon more often during discussions 

and when asking friends for the right choice of bonds. 

 From the above findings, the knowledge about Chemical bonds did not 

materialize until the second week for most students. As discussed above, in the first 

week of the study, students relied on colour and position of buttons to choose type of 

bonds. From discussions held in the first week focus group interviews, many students 

were confused between the types of bonds needed to bond the different petticles. 

However, discussions from the second focus group interviews held in the second 

week showed many students were familiar and confident with the types of bond for 

each petticle mentioned in the interview. Students could answer in unison the three 

types of bonds they used in the game. In addition, they have connected the colour 

codes for each type of bond. For example, Covabon is blue colour and petticles with 

covabon are “oxyto, cryo, Brom Brom, Flowyn, and Hizo. 

 Besides that, the researcher also found that most students were able to list 

down the items needed to bond a petticle. As an illustration, student DE14 mentioned 

he used one oxygen orb, two hydrogen orb and one Hizo card to bond Hizo while 
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student DE9 explained that she used two bromine orbs and a Brom Brom card to 

bond Brom Brom. Other students also took turns to explain what they used to bond 

Oxyto, Cryo, Flowyn accurately. This discussion was also conducted to examine the 

students’ knowledge on Iobon and Metabon with similar results. Results from the 

second week focus group interviews showed a tremendous improvement on all three 

sections, which were drawing apparatus, crafting potions and listing types of 

Chemical bonds. This showed the occurrence of meaningful learning. Figures 5.8 

and 5.10 shows two examples of marked improvement in apparatus drawings. 

 
Figure 5.10: Marked improvement in apparatus drawing and naming of student DE8 

 

First week Second week 

 

 

 

 

 
 
 
 
 
 
 
Description of the above drawing: 
 
Test tube- to make potion. 
Centrifugi - mix potion. 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
Description of the above drawing: 
 

Test tube, Connor flask, Centrifuge, 
Stand, Termoniter 
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 Two students who had played this game more than once were also able to 

recall all the apparatus they used and had comprehensive drawings and labels of 

apparatus found in the game as shown in Figure 5.11.  

Apparatus	drawing	by	student	DE7	(10	years	old)	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

 Figure 5.11: Comprehensive answers from two students who are extremely   
     interested and highly motivated to play this game. 
 

Apparatus	drawing	by	student	DE15	(12	years	old)	
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 These two students were also able to recount in detail the different potions 

found in the game and some of the physical separation techniques needed, showing 

that meaningful learning occurred from game-play. For example, student DE15 said,  

 “There is the red color health potion, the blue color speed potion, the  green 
 color accuracy potion, the yellow color defense potion and the purple  color 
 damage potion.”  

(Focus Group Interviews: 9 Nov., 2017) 

 

 While student DE7 added,  

 “For the health potion there is the trifling cordial the middling cordial 
 and the rejuvenating.”  

(Focus Group Interviews: 9 Nov., 2017) 

 

 When the researcher asked if they knew the apparatus needed to craft these 

potions, student DE15 replied, 

  “Yes, I remember all of them.”  

(Focus Group Interviews: 9 Nov., 2017) 

 

 While student DE7 candidly said,  

 “I know only for the middling and health potion because I craft it every 
 single day.”  

(Focus Group Interviews: 9 Nov., 2017) 

 

 These replies clearly showed the repetitive nature of the game, which led to 

mastering of skills. These are just but a few examples to show how students have 
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attained the knowledge of Chemistry with regards to identifying physical separation 

techniques such as centrifugation, decanting, liquid-liquid separation, filtration, 

distillation and fractional distillation required in crafting potions. A more detailed 

discussion of the potions listed by these students is presented in the next section and 

shown in Table 5.5. Besides tracing apparatus and explaining physical separation 

techniques, students were also able to explain what happened during formation of 

bonds. Findings on formation of Chemical bonds will also be discussed in the next 

section under describing the reinvention of Chemistry learning.  

 To ensure that students did not have prior knowledge before the research study 

begun, interview with the students’ Science teacher revealed that her students only 

know the general parts of science and nature but do not have the vocabulary for 

Chemistry because they have not learnt Chemistry and it’s not something tangible to 

them. But, when they started playing this game, she has observed subtle changes to 

some of these students. She mentioned,  

 “They became more daring and participative during lessons… more 
 confident and willing to try something new”.   

(Interview with students’ Science teacher: 18 Nov., 2017) 
 

She further reasons,  

 “Could be because in the game it teaches them that it’s ok to fail and it’s ok  to 
 get wrong answers because it is through these failed attempts that they 
 learn what is needed. And that lesson fits in very nicely in the Science and 
 discovery world where there are many possibilities and unanswered 
 questions”.  

(Interview with students’ Science teacher: 18 Nov., 2017) 
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 When asked if she felt they have gained any Chemistry from playing this 

game, her response was,  

 “Each student gained something from the game. Some more than others 
 but all of them have learnt some form of Chemistry. The apparatus and names 
 of elements are two examples of what was immediately engraved in their 
 minds. The advanced students were able to connect the game to Chemistry 
 better and realised that the petticles represented particles in elements and 
 different elements bond with each other in their own unique way”.  

(Interview with students’ Science teacher: 18 Nov., 2017) 

 

 The researcher found that the teacher’s observations of her students were true, 

as two students have gained extensive knowledge on Chemical bonding as discussed 

under the reinvention of Chemistry section in this chapter. 

 Finally, based on the evaluation of students’ knowledge of Chemistry 

attainment via the online interactive quiz, it was found that most respondents did 

attain some Chemistry knowledge from the game. The Chemistry knowledge 

attained by the students was divided into three levels as discussed in the 

Methodology section and illustrated below: 

(i) Strong Chemistry knowledge  (22 – 32 marks and 85 % and above) 

(ii) Average to Good Chemistry knowledge (10 – 21 marks and 60% to 84%) 

(iii) Weak to average Chemistry knowledge (1 – 10 marks and less than 60%) 

 The summary of the online interactive quiz results shown in Table 5.1 saw six 

students (n=19) with strong attainment of Chemistry knowledge, while nine students 

were graded with moderate Chemistry knowledge. Only four students had scores 

from 50.4% to 57.9% and were considered to have weak Chemistry knowledge. 

Although the total number of participants in this study was twenty students, only 
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nineteen students took the online Google interactive quiz as one student had an 

accident after school and was rushed to the clinic. 

 

Table 5.1:  
Summary of the online interactive quiz results 

Student 
Code 

Age	 Total 
questions 

Total correct 
answers 

% of correct 
answers 

Chemistry	
Attainment	Level	

DE1 10	 12 9.00  75.0  Moderate	

DE2 10	 12 7.83  65.3  Moderate	

DE3 10	 12 6.75  56.3  Weak	
DE4 10	 12 10.00  83.3  Moderate	

DE5 10	 12 6.05  50.4  Weak	

DE6 10	 12 6.91  57.9  Weak	

DE7 10	 12 12.00  100  Strong	

DE8 11	 12 6.82  56.8  Weak	

DE9 10	 12 12.00  100  Strong	

DE10 11	 12 9.50  79.2  Moderate	

DE11 11	 12 9.49  79.1  Moderate	
DE12 11	 12 8.00  66.7  Moderate	

DE13 12	 12 8.50  70.8  Moderate	

DE14 12	 12 11.50  95.8  Strong	

DE15 12	 12 11.75  97.9  Strong	

DE16 11	 12 12.00  100  Strong	

DE17 12	 12 11.16  93  Strong	

DE18 12	 12 8.16  68  Moderate	

DE19 11	 12 10.00  83.3  Moderate	

 

  When the online quiz results were analysed based on questions, knowledge 

attained from identifying apparatus is higher than knowledge gained on physical 

separation techniques and chemical bonds (Appendix U). For example, from results 

shown in Appendix U, all 100% (n=19) respondents could identify a test tube 

correctly, while 84.3% (n=19) could state the name of a beaker and 58% (n=19) 

students were able to name a centrifuge correctly. Besides that, 78.9% to 94.7% 
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(n=19) respondents could match the correct pairs of apparatus correctly while 84.2% 

to 100% (n=19) respondents could identify the correct apparatus needed to craft a 

certain potion.  

 In the chemical bonding section, about 78.9% (n=19) respondents knew that 

sodium chloride has ionic bond and 73.7% (n=19) knew calcium oxide has ionic 

bonds. It should be noted that students only started learning how to make calcium 

oxide petticles in the second week when they were in the second world of the game. 

The knowledge for metallic bonds was also considered high with 73.7% (n=19) of 

students identifying calcium and potassium to have metallic bond correctly.  

 According to Bellotti et al. (2013), both the player engagement, motivation and 

learning outcomes should be assessed to evaluate the effectiveness of a DGBL. In 

addition, Stewart et al. (2013) noted that DGBL could be classified into special 

purpose games, which have been developed solely for education and commercial-

off-the-shelf games that were developed for entertainment purposes, but are being 

used in an educational context. As discussed under literature review, special purpose 

games usually lacks appeal to provide the immersion and engagement while 

commercial-off-the-shelf games would normally have to be adapted to suit certain 

learning sections. According to the developers of ChemCaper, this digital game is a 

merger of both classifications. Hence, it is the first DRPG with sound pedagogical 

theories in Chemistry to be commercially marketed, which falls under the digital 

role-play game genre. 
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5.4 The Reinvention of Chemistry Learning Among the Selected iGeneration 

Students  

  When the researcher interviewed one of the game developers before the 

start of data collection on why he felt ChemCaper game was different from other 

DGBL, his response was,  

 “The game content is obtained from the Chemistry teachers as they explain  to 
 the game developers what they want the students to learn and feel. This 
 learning content is broken down into learning scopes from each chapter 
 based on the Chemistry syllabus.” 
 

(Interview with game developer, 23 June 2017) 

 

  With this information, the game developers then merged game elements with 

learning to make it less topical and removed the mundaneness of learning while 

inserting the flow and fun of playing. This ensures students enjoy the game without 

them realizing that they have been learning Chemistry.  

 

5.4.1 Attaining Chemistry Knowledge before Formal Chemistry Learning 

 Results from this study have provided more insight on how playing this game 

has revolutionized Chemistry learning for these students who have not been formally 

introduced to Chemistry learning. The researcher found that learning was student-

centred with students taking charge of their learning process as structured teaching 

was not conducted. There was no issue of boredom, student inattentiveness, lack of 

participation or even negative perceptions such as Chemistry is difficult throughout 

the study period. In contrast, students were excited and highly motivated to play 
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ChemCaper and learn Chemistry as discussed in the above section. This difference in 

approach towards learning Chemistry has allowed students to have a positive 

perception towards learning Chemistry. Comments from students to show they 

enjoyed learning Chemistry from playing the game included:  

 DE7:  “ChemCaper is interesting and you can learn at the same time. It’s 
    always like very exciting.” 

 DE15: “I like that its like also a role playing game and like you can spend 
    your time playing a game and learn at the same time so you get  
   like 2 in 1 like that, its also fun and exciting.” 

(Focus Group Interviews: 9 Nov., 2017) 

  

 Another point to claim that ChemCaper had reinvented Chemistry learning is 

the fact that prior knowledge of Chemistry was not a pre-requisite as opposed to 

previous studies discussed under past methodologies using DRPG in education in 

chapter two. To this end, ChemCaper does not support Piaget’s notion that 

development precedes learning as the students in this study were well below the age 

of learning Chemistry formally. Findings discussed in the following sections support 

this notion that students below the age of formal learning were able to attain 

substantial Chemistry knowledge. One contributing factor could be due to the 

repetitive nature of the game that provided students with enough practice to master 

various aspects of the game, which included drawing and naming of apparatus, 

crafting potions and bonding petticles (as described in ChemCaper under 

methodology). 

 When students were asked to draw and name the apparatus they used in the 

game in the second week focus group interview, many could easily draw and list the 

apparatus. Some of the drawings are as shown in Figures 5.8, 5.10, 5.11 and 5.12. 
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Although there were some spelling errors here and there, but many of them could 

draw and name test tube, beaker, thermometer, filter funnel, retort stand, tripod 

stand, conical flask, round-bottomed flask, Bunsen burner, and even more difficult 

ones like separating funnel, fractionating column and Liebig condenser. When the 

researcher checked with the students’ Science teacher, the researcher found that most 

of the apparatus they drew were learnt solely from the game, except for the few 

common ones like test tube, thermometer, beaker and conical flask. 

Student	DE6:		First	week	 Student		DE6:		Second	week	
	
	
	
	
	
	
	
	
	
	
	
	

	

centrifugal, test tube	 beaker, test tube, tripod stand, conical flask, 
thermometer 
	

Student	DE14:		First	week	 Student	DE14:		Second	week	
	
	
	
	
	
	
	
	
	
	
	
	

	

To spin the chemical, to measure the 
temperature, to hold the apparatus, to store 
mix chemicals, to store chemicals, to burn 
the chemicals 
 

test tube, beaker, centrifuge, round-bottom 
flask, Bunsen burner, tripod stand, fractional 
column, Liebig condenser, conical flask, 
thermometer, separator, filter funnel	

Figure 5.12: Students were able to draw and label more apparatus after two weeks of 
   game-play 
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 Results from the second week focus group interviews also showed notable 

attainment of crafting potions knowledge as shown in the discussion of the online 

interactive quiz results (page 123) and focus group interview excerpt (page 120 to 

121). Although most students could only state the names of the different potions 

used, some could draw and name the apparatus used to make the potions. Two 

students could even name the physical separation techniques required to make these 

potions, which have been discussed in detail in the next section. 

 After two weeks of game-play, almost all students were able to state the type of 

bonds needed for the petticles they made. For example, Table 5.2 shows the answers 

provided by different students when asked to give an example of a covabon petticle 

and what they used to make that petticle.  

Table 5.2  
Students providing explanation for petticles with covabon (covalent bond) 
Student	Name	 Petticle	

name	

Explanation	

Student	DE8	 Hizo	 Two	hydrogen	orbs,	one	oxygen	orb	and	one	Hizo	card.	

Student	DE18	 Cryo	 Two	nitrogen	orbs	and	one	Cryo	card	

Student	DE10	 Oxyto	 One	oxygen	card	and	two	oxygen	orbs	

Student	DE14	 Brom-brom	 Two	bromine	orbs	and	one	Brom	Brom	card	

Student	DE13	 Flowyn	 One	Flowyn	card	and	two	flourine	orbs	

 

 Students were also able to give explanations for iobon (ionic bond) and 

metabon (metallic bond) as shown in Table 5.3 and Table 5.4 respectively. 

Table 5.3 
Students providing explanation for petticles with iobon (ionic bond) 
Student	Name	 Petticle	name	 Explanation	

Student	DE5	 Sal-T	 One	sodium	orb,	one	chlorine	orb	and	one	sal-

T	card.	Student	DE14	 Lymlyte(fondly	
known	as	lime-lime)	

One	calcium	orb	and	one	oxyto	card	with	one	
lime-lime	card	
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Table 5.4 
Students providing explanation for petticles with metabon (metallic bond) 
Student	Name	 Petticle	name	 Explanation	

Student	DE3	 Bitty-Lith	 Three	lithium	orb	and	one	Lith	card.	

Student	DE17	 Ptassyum	 Three	potassium	orb	and	one	Ptassyum	card.	

Student	DE16	 Sodi-U	 Three	sodium	orb	and	one	Sodi-U	card.	

Student	DE5	 Elycium	 Three	calcium	orb	and	one	Elcium	card.	

Student	DE6	 Magness	 Three	magnesium	orb	and	one	Magness	card.	

 

5.4.2 Attainment of Chemistry Knowledge Across Age 

 It was noted that students benefitted remarkably from face-to-face interaction 

among students and with the teachers. The cooperation and collaboration among 

students across age observed throughout the study period enhanced the learning 

process. Figures 5.3, 5.4, and 5.6 not only showed the interest and motivation of 

students toward the game but also the cooperation and collaboration among students 

of different ages as they were seen constantly engaged with each other, discussing 

about the game throughout the study period as is also shown in Figure 5.13.  

 

 

 

 

 

Figure 5.13: The left picture shows a younger student helping his older peers while 
    the right picture shows constant cooperation and collaboration among 
    students 
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 As mentioned previously, although this is a single player DRPG game, for 

some students, synchronizing their game meant they had assistance from more 

knowledgeable peers even though the MKO may be younger (shown in Figures 5.3, 

5.6 and the right picture in Figure 5.13). 

 Figure 5.14 shows a comparison of apparatus drawings for the different age 

groups. Drawings from three students in each age group were selected and findings 

showed that except for some spelling errors, there are no notable differences in 

apparatus drawing for the different age groups. In other words, the Chemistry 

learning attained for apparatus drawing was not dependent on age. An even more 

interesting observation to note was that one ten-year-old boy, DE7 could draw and 

list all the apparatus better than his older peers as shown in Figure 5.14. 
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Apparatus drawings by three ten year old students	

	

	

	

	

	

	

										Student	DE6																																																			Student	DE5																																																					Student	DE7	

test tube, beaker, round bottom flask, 
conical flask, tripod stand, thermometer	

beaker, test tube, tripod stand, conical 
flask, thermometer	

funnel, retort stand, thermometer, tripod stand, Liebig condenser, 
fractionating column, test tube, beaker, Bunsen burner, round 
bottomed flask, conical flask, separating column, centrifuge 
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Apparatus drawings by three eleven year old students 

	
	

	

	

	

	

	

											Student	DE11																																																														Student	DE5																																																																Student	DE8	

         Test tube, beaker	 Test tube, beaker	 Test tube, conor flask, centrifuge, stand, termonitor 
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Apparatus drawings by three twelve year old students	

	

	

	

	

	

	

													Student	DE14																																																										Student	DE13																																																					Student	DE15	

Test tube, beaker, centrifuge, round-bottom flask, 
Bunsen burner, tripod stand, fractional column, 
Liebig condenser, conical flask, thermometer, 
separator, filter funnel	

Test tube, tripot stand, Bunsen 
burner, fractional colem, 
thermometer beacker	

Funnel, round bottomed flask, conical flask, centrifuge, leybreg 
condenser, tripod stand, bunsen burner, thermoter, fractinating 
colum, seperating column, test tube, retort stand, beaker 

	

Figure 5.14: Comparison of apparatus drawing for all three age groups.
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 The findings of knowledge attainment on crafting potions across age were 

similar with two students, one aged ten and the other aged twelve listing in detail the 

colours of each potion, almost all their exact names and apparatus used as shown in 

Table 5.5. They could even name and describe some of the physical separation 

techniques needed to craft the potions. An excerpt of conversation between the 

researcher and students regarding crafting potions are as follows: 

 DE15: “There is the red color health potion, the blue color speed potion, 
   the green color accuracy potion, the yellow color defense potion 
   and the purple color damage potion.” 

 DE7:   “I know for the health potion there is the trifling cordial the  
   middling cordial and the rejuvenating, and then the…” 

 DE15:  “Then for the damage one, there’s the Herculant brew, behemoth 
   brew and the dominating brew.” 

(Focus Group Interviews: 9 Nov., 2017) 

 

 It is indeed amazing to hear students between ten and twelve year old being 

able to name the various potions in the game, list the items needed to craft the 

required potion and even identify the particular physical separation technique 

required. Again, it must be noted that no formal teaching was conducted and the 

research study duration was only two weeks. 

Table 5.5  
Crafting potions list as provided by students during the second focus group interview 
Colour/	

Use	of	Potion	

Potion	Name	 Items/Apparatus	Used	 Physical	
separation	
techniques	

Red/	

Health	

Trifling	cordial	
Middling	cordial	
Rejuvenating	cordial	

eal	fruit,	

test	tube,	centrifuge	

Centrifugation	
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Table 5.5, continued 

Blue/		

Speed	

Bling	bling	draft	 Conical	flask,	separating	
funnel,	retort	stand	

Separation	

Green/	
Accuracy	

Hocus	pocus	 Everything	from	damage	
potion	except	fractionating	
column	

Distillation	

Yellow/	
Defense,		

	 Filter	funnel,	filter	paper	
and	conical	flask,	

Filtration	

Purple/	
Damage	

Herculant	brew,	
Behemoth	brew	
Dominating	brew	

Round	bottom	flask,	
Conical	flask,	thermometer,	
fractionating	column,	
tripod	stand,	Liebig	
condenser,	Bunsen	burner	

Fractional	
distillation	

 

 Based on the online interactive quiz results shown Table 5.1, two ten year old 

students scored 100% as compared to only one eleven year old who scored 100% 

while three twelve year olds scored between 93% – 97.9%. These results showed the 

younger aged students were able to attain Chemistry knowledge as well as their older 

peers. Results from focus group interviews showed similar findings with one ten year 

old boy being able to give comprehensive answers such as: 

  Researcher: “Do you know the types of bonds that we have in   
     ChemCaper?” 

  DE7:   “Covabon, iobon and metabon.” 
  Researcher: “Can you list down the petticles that require Covabon?” 

  DE7:   “Cryo, Oxyto, Flowyn, Hizo, Brom-Brom.” 

(Focus Group Interviews: 9 Nov., 2017) 
 

 This ten year old boy could also give detailed answers to petticle requiring 

iobon and metabon. In addition, he could also describe the process of electron 
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transfer in ionic bonding and electron sharing in covalent bonding. These 

descriptions are discussed in the next section. 

 

5.4.3 Head Fake 

 Findings from the above sections revealed that the amount of Chemistry 

knowledge attained (meaningful learning) from the game by the selected iGeneration 

students depended on the activities they participated in at different levels of the game 

and their ability to construct knowledge through play and discovery as they actively 

seek to solve problems faced in the game. For example, one boy, named student 

DE13 decided not to waste his time tracing apparatus and crafting potions. Instead, 

he achieved his objectives of playing the game and leveling up by fighting alycons to 

get money to buy the petticles he wanted. Hence, without applying repetitive skills of 

tracing apparatus, he was unable to remember names of apparatus. Moreover, his 

knowledge of crafting potions was also lacking, again due to the lack of repetitive 

skills. Although he managed to master the game through the purchase of petticles, 

this strategy compromised on his Chemistry knowledge. So, he missed learning the 

Chemistry content in the game and by the end of the first week, he realized he did 

not learn much of Chemistry. He was not able to draw most of the apparatus used, 

nor was he able to explain how to craft potions or the type of bonds different 

petticles have during the focus group interview. In the second week, student DE13 

made more attempts to use repetitive skills of tracing, crafting and bonding instead of 

trading thus making progress in apparatus drawing as shown in Figure 5.15.  

Univ
ers

iti 
Mala

ya



 

  143 

 

First week Second week 

	

	

	

	

	

	

	

	

	

	
	

	

Description:	
Test	tube-	health	potion.	
Beaker	-	forgot.	
	

Description:	
Test	tube,	Tripot	stand,	Bunsen	burner	
Thermometer,	Beaker	–	all	used	to	
make	potions	
	

Figure 5.15: First week and second week apparatus drawings by student DE13. 

 Other examples of repetitive skills employed by students to draw apparatus, 

craft potions and bond petticles in order to level up and master the game have been 

discussed under Chemistry knowledge attained in page 119 to page 121. 

 The researcher also found that when students employed strategizing skills such 

as synchronizing their game (as discussed under active participation in page 108), 

not only their motivation increased, this social inclusion helped them to learn better 

as they support each other in battle strategies and game play.  

 Another notable reinvention is that the attainment of Chemistry knowledge 

using ChemCaper did not follow a linear approach as opposed to the traditional 

method of learning Chemistry. For example, in the Chemistry curriculum, students 
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would normally need to learn about atomic structure before proceeding to Chemical 

bonds but in ChemCaper, learning was random, situational and based on the needs as 

well as experience of the player. For instance, players only learn about Chemical 

bonding when they want to make petticles to battle alycons. However, as different 

petticles are made from different types of Chemical bond, players might encounter 

learning only a certain type of bond first and eventually learn other type of bonds as 

the need arises.  

 All the above findings also point to the fact that many students were so 

engrossed in mastering the game, they were not aware that they were learning 

Chemistry, which are discussed further in the next section. 

 

5.4.4 Implicit to Explicit Learning  

 The researcher found that situated learning occurred when these students were 

actively engaged with the game throughout the study period (discussed in Chapter 3, 

Conceptualization of the study). Results from detailed probing during focus group 

interviews revealed that students were able to convert what they played in the game 

into Chemistry knowledge. For example, initial responses received included: 

  “We get to bond petticles and defeat bosses; we can fight and make many 
 potions; it is interesting to find more ways to create different petticles; the best 
 thing is that you can make your own strategies on how to defeat the monsters 
 and can learn Chemistry at the same time”.  

(Focus Group Interviews: 9 Nov., 2017) 
 

 When probed further on what it meant by “can learn Chemistry at the same 

time”, student DE15 responded,   

Univ
ers

iti 
Mala

ya



 

  145 

 “I learned about some of the elements, I learned what would happen if you 
 combine certain things, I learned what are three types of combining elements 
 are called, and I learned how to draw the apparatus properly”.  

(Focus Group Interviews: 9 Nov., 2017) 

  

 Another example of meaningful learning and converting implicit to explicit 

learning was when students exclaimed many of them loved cryo because of its ability 

to freeze the opponent but student DE7 added,  

 “Cryo freeze because nitrogen is actually damn, damn cold, it’s really cold.” 

(Focus Group Interviews: 9 Nov., 2017) 

 Through discovery learning, student DE7 gave a very detailed answer that 

showed an in-depth level of critical thinking as he explained,  

 “Like normally I classify particles into three groups, the ones found in 
 Camp Ungku, Reacta and Sub-Rosa. The reason I like Cryos in Camp Ungku is 
 because Oxyto does too less damage, and potassium is more for healing. When 
 Brom Brom comes in, I like Brom Brom as well because of his like taking 
 damage for the vaporizing bomb”.  

(Focus Group Interviews: 9 Nov., 2017) 

 Due to the limitation of time, the researcher could not obtain more information 

but have to move on with other questions. When the researcher asked if they have 

ever observed what happens during the formation of Covabon, responses from the 

first focus group were vague and required prompting:  

 DE18:  “The balls.” 
 DE14:  “Electrons.” 
 Researcher: “Yes, continue..” 
 DE14:  “The electrons, in the middle you have 6.” 
 Researcher: “Good, 6 is for which petticle?” 
 ALL:   “Cryo! Cryo!” 

(Focus Group Interviews: 10 Nov., 2017) 
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 Answers from the second focus group interview for the formation of covalent 

bonds was more detailed and are as the following: 

 Researcher: “What did you observe when you made Covabon?” 
 DE7:   “OK so let’s say we are doing Flowyn, so this are the Fluorine  
   orbs, they actually share electrons, like because one Fluorine orb 
   has seven outer electrons so the other one must have the same.”  
 Researcher: “Okay….” 
 DE7:   “So, there will be like two here, two here, two here and one here.  
   Same for the other one... But then since they both have one on this 
   side, they will combine and form two two two two two two two.” 

(Focus Group Interviews: 10 Nov., 2017) 

 

 The above description was accompanied by hand gestures to show he knew 

exactly what he was describing. Another student who also showed exceptional 

explicit learning was DE15 as he assisted DE 7 in describing the formation of Hizo:  

 

 DE15: “Hizo is the only Covabon which has three orbs.” 
 DE7:  “Yes so, like the hydrogen orb will be here, the another hydrogen orb  
   will be here, and the oxygen orb will be on top.”  
 DE15: “So around the oxygen orb there’s actually two two one one, but then
   the hydrogen orb contributes the extra one, so now its two two two two.” 

(Focus Group Interviews: 9 Nov., 2017) 
 

 Their descriptions on the formation of Cryo, which is nitrogen molecules were 

also accurate and listed as follows: 
 

 Researcher: “What’s the observation for Cryo?” 
 DE15:  “About the same as Flowyn.” 
 Researcher: “But how many electrons does it have?” 
 DE7:   “Five each, so there’s like two Cryos, and there’s one here one  
   here,  and then there’s like six here, three belongs to this one and 
   three  belongs to this on.”(hand gestures included). 

(Focus Group Interviews: 9 Nov., 2017) 
 

 In addition, the following excerpt showed these two students were able to 

describe the difference between covalent bond and ionic bond:  
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 Researcher:  “So, what is Covabon about?” 
 DE7 and DE15:  “Sharing!” 
 Researcher:  “That’s right, that’s correct. What about Iobon? Was there 
     any sharing?” 
 DE15:   “No, it’s more of giving and taking.” 
 Researcher:  “Good! Who gave?” 
 DE7:    “The metals.” 
 Researcher:  “And who took?” 
 DE15:   The gases” 

(Focus Group Interviews: 9 Nov., 2017) 
 

 Responses for the formation of Sal-T and Lymlyte using ionic bonds also drew 

an interesting conversation as shown below: 

 

 DE13:   “The calcium orb and the sodium orb, the electrons goes to 
     the other orb.” 
 Researcher:  “So, the electrons from calcium and sodium orb flies to?” 
 DE13:   “Oxygen and chlorine.” 

(Focus Group Interviews: 10 Nov., 2017) 
 

 However, students who showed weaker attainment of Chemistry knowledge 

were unable to provide an explanation as illustrated in the conversation below: 

 

 Researcher: “That's interesting. Do you know why that happens?” 
 DE18:  “No. Because the electrons think they are too few and they have  
          too much, so they go and join them.” 
 Researcher: “Would you like to know the answer?” 
 DE12:  “One is negative and one is positive, they join together” 
 DE13:  “To get neutral.” 

(Focus Group Interviews: 10 Nov., 2017) 

 

 For the second focus group, students who had stronger attainment of Chemistry 

knowledge gave accurate and interesting descriptions on the formation of sodium 

chloride and calcium oxide. The following is an excerpt:   
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 Researcher: “Can you list down petticles that require Iobon?” 
 DE15:   “Sal-T and Lymlyte.” 
 Researcher: “Next, have you observed what actually happens during the  
    bonding of these petticles?” 
 DE7:   “Yeah.” 
 DE15:  “Yeah I saw it.” 

(Focus Group Interviews: 9 Nov., 2017) 

 

 The following is a detailed explanation of formation of Sal-T, which is salt by 

students DE7 and DE15: 

 

 DE7:   “Let’s say I’m bonding a Sal-T and so the sodium orb and the  
   chlorine orb would appear, and then the sodium orb has one  
   electron and the chlorine orb has seven electrons, okay, and  
   in the middle of the process.” 
 DE15:  There’ll be sparks and lightning, and the one electron from  
   the sodium would transfer to the seven electrons of the   
   chlorine, and then they make Sal-T. I don’t know where and  
   for some reason, Sal-T can climb out from the Petcubator.” 

 (Focus Group Interviews: 9 Nov., 2017) 

 

 Their detailed explanation showed explicit understanding on the formation of 

ionic bonds, which could only be explained that implicit learning had been converted 

to explicit learning from playing ChemCaper as these students have not been 

formally exposed to Chemistry learning, especially on bond formation. Explanation 

for the formation of Lymlyte, which is Calcium oxide displayed similar higher order 

thinking skills.  

 However, their explanations for the formation of metallic bond were more 

vague, possibly due to the fact that electrons were not transferred or shared during 

the formation of metallic bonds. According to the students, the type of petticle 
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obtained depended on whether there would be one, two or three free electrons 

surrounding the orb. Below were excerpts of conversation: 

 

 DE15:  “Depends on the level you get.” 
 DE7:   “If it’s Bitty, there’ll only be one orb and there’ll be one  
   electron surrounding it.” 
 DE15:  “If it’s Ptassyum, Sodi-U, or Lith, there’ll be one, if it’s   
   Elycium or Magnuss, there’ll be two.” 
 DE7:   “For Mitties, there’ll be two orbs, and then there will be the same 
   number of electrons depending on the petticle.  
 DE15:  “Gritty follows the same trend, three, three orbs. So the     
    metabons are the only petticles where you can tell their level  
   before you get them.” 

 (Focus Group Interviews: 9 Nov., 2017) 

 

 The interviews have given depth as to how each individual respondent process 

the information they received from the game and translate what they learnt from the 

game to what they understand about Chemistry. They have no notion that crafting 

potions are actually conducting physical separation techniques that they attained 

from the game. What is more astounding is to listen to kids, aged between ten to 

twelve, who have not been introduced to formal Chemistry explaining about electron 

sharing in covalent bonds, electron transfer in ionic bonds and electrons just moving 

around the atoms in metallic bonds to make petticles consisting of either one, two or 

three atoms. To these kids, they are explaining what they observed during petticle 

bonding but to the Chemist, these kids have just explained what actually occurred to 

atoms during Chemical bonding, which is abstract and difficult, even for older 

students to understand (Dahindsa & Treagust, 2009; Kind & Kind, 2011). 

 Although much research have been done on teaching in the 21st century, our 

local classrooms remain firmly established in what is commonly known as the 
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‘Factory Model’, which was designed for the Industrial Revolution, although one 

may argue that it is better equipped with LCD projectors, air-conditioning and other 

cool gadgets. Educators need to have a change in their mindsets and practices to 

accommodate the shift in learning styles among the iGeneration students and make 

full use of the technology incorporated in schools for students to optimize their 

learning experiences in the ways they love most, which is digital games. 

 

5.5 The Importance of Scaffolding for the Selected iGeneration Students 

 With the addition of this emergent research objective, the researcher was able 

to bridge the gap found in the pilot study, that showed students lacked direction, 

attained minimal Chemistry knowledge and were unable to convert implicit learning 

to explicit learning show without sufficient scaffolding. Hence, the findings in the 

following sections were able to explore the importance of scaffolding for the selected 

iGeneration students.  

5.5.1 Motivator 

 In the actual study, the presence of Teacher J and Teacher MJ shown in Figure 

5.16, helped many student become motivated to play the game as they dispensed 

advice and pointers on what to do especially on defeating the sea beast bob in Camp 

Ungku (level one) in order to enter ReacTa (level two). Besides that, allowing face-

to-face interaction allowed students that were more knowledgeable work together 

with their peers. These students became the MKO for their peers as discussed earlier 

under describing the reinvention of Chemistry learning. These seem to point to the 

benefit of having students’ cooperation and collaboration that is called for in 

Vygotsky’s social cognition theory.  
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5.5.2 Scaffold 

 Observations from the video recordings also showed students felt confident 

when they received assistance and guidance, especially when they first started the 

game and was unsure how to navigate.  For example, a few students (DE2, DE3, 

DE4, DE5, DE6, DE8, DE9, DE10 and DE18) had many questions as they played 

the game and needed assistance on physical separation techniques when crafting 

potions. Teachers and the researcher noted that when crafting damage potion, they 

needed assistance on the correct use of the Bunsen burner and Liebig condenser. 

Hence, teachers took the opportunity to explain how the hole in the Bunsen burner 

affected the colour and temperature of the flame. Another point that students learnt 

was to pour the potions carefully into the two test tubes before centrifugation when 

crafting health potions. Initially, many spilled the liquid out but when they learnt 

from teachers J and MJ that how they handled the apparatus affected the percentage 

of purity and number of portions they obtained, they were determined to try and try 

again until they got 100% pure potions that were powerful.  

 Teachers today must be equipped with technological-pedagogical content 

knowledge (TPACK) and that their roles should evolve to become not only 

motivators, illuminators and mentors, but also knowledge provider and effective 

facilitators to provide proper scaffolding to support students’ development as posited 

by Hattie (2009), Marzano, Pickering and Pollock (2001), Sousa and Tomlinson, 

(2011). 
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5.5.3 More Knowledgeable Other (MKO) 

 Having face-to-face interactions among students and with teachers when 

students played the game actually helped in the conversion of implicit learning to 

explicit ones. For example, one student asked teacher MJ why the balls were flying 

around during bond formation. The explanation provided by teacher MJ helped the 

student understand his observations and distinguish between what happens during 

ionic bonding and covalent bonding. Another example was the opportunity to explain 

how the hole in the Bunsen burner affected the colour and temperature of the flame 

during the crafting of potions. There are many more instances like these where 

students actually benefitted with the presence of a MKO to explain the Chemistry 

content. 

 
Figure 5.16: Teachers’ presence was crucial to support students’ learning in the  
    class. 

 According to their Science teacher, play and discovery learning was made 

more meaningful when students were allowed to play together. The presence of peers 

who grasped the game faster is also important to those who are new to the chemistry 

world. These peers would be the MKO that provide the additional motivation and 

knowledge as they got together in groups teaching and discussing the mechanics of 

the game and what they observed during game play when they meet in school. In 
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fact, results from the online quiz showed the attainment of Chemistry knowledge was 

very high in all three sections of Chemistry learning in just a short span of two 

weeks. 

 Consequently, the researcher discovered that the instructional guidebook called 

the ChemCaper Chempendium (Appendix N) given to students at the end of the first 

week also acted as a scaffold. It was discussed under evaluating Chemistry learning 

that students became more aware of the Chemistry content in the game and their 

knowledge increased markedly when they used the guidebook as their point of 

reference throughout the second week. It was interesting to note that although the 

same information and more is available in the game, students preferred the physical 

book as reference while playing. Figure 5.8 shows two distinct examples comparing 

the first week and the second week answers of a student who drew and name 

apparatus. By the end of the second week, many students could also classify the 

petticles based on their type of bonds as well as name some of the physical 

separation techniques they used to craft potions.  

 From the Literature Review in Chapter 2, it was stated that the roles of teachers 

must evolve to prepare students with 21st century educational skills. The findings 

above support the call for teachers today to become motivators, illuminators, mentors 

and effective facilitators to provide proper scaffolding to support students’ 

development (Hattie, 2009; Marzano, Pickering, & Pollock, 2001; Sousa & 

Tomlinson, 2011). The need for an MKO to advance the learning of students have 

also been evidenced by Squire et al. (2004) as discussed in the theories behind digital 

game based learning in chapter two. This study went one step further to show that 

besides teachers, peers also acted as MKO. For example, student DE7 was clearly the 
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mentor for student DE8 (shown in Figure 5.5), providing her with motivation and 

helping her to play and understand the game better.  In fact, the researcher noted in 

her journal that when student DE7 was absent, student DE8 looked sad and 

demotivated. 

 In conclusion, findings from the above sections further evidenced that it is 

imperative to have the teacher as facilitator to be a guide, mentor, motivator and 

MKO to show students how to play the game well and advise them how to interact 

best with the game, besides providing them explanations to convert implicit learning 

to explicit ones. The Chempendium book given to students in the actual study also 

became their referral point as the attractive visuals provided them information 

needed to play the game.  

 

5.6 Chapter Summary 

 This chapter presented the findings of the actual study and the ensuing 

discussions to answer the research questions. The research questions focused on how 

this game could reinvent the learning of Chemistry among iGeneration students who 

have not been formally introduced to Chemistry learning. The motivation of the 

students was implored and how the reinvention of Chemistry occurred was discussed 

in detail. Besides that, a suitable interactive online assessment was created to 

evaluate the attainment of Chemistry knowledge. Finally, the importance of 

scaffolding was also investigated in this study. 
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 The motivation of students with regards to playing ChemCaper, the selected 

DRPG were investigated, as this component of the study is imperative to ensure that 

the game would be able to provide students with immersive environment to keep 

them attentive and motivated to learn, which is one of the problems faced by 

educators (Devlin, Feldhaus & Bentrem, 2013; Howe & Strauss, 2000; Levin & 

Arafeh, 2002; Prensky, 2001b; Raman & Abdul Halim, 2013; Samuel & Zaitun, 

2007; Stofflett, 1998; Woempner, 2007; Zoller, 2000).  

 For the second research question, a suitable online interactive quiz was 

necessary to assess the Chemistry knowledge attained by the selected iGeneration 

students after playing ChemCaper. Observations from the pilot study (discussed in 

Chapter Four) provided substantial evidence for the researcher to modify the 

platform used to administer the online interactive quiz from Kahoot to Google to 

provide more privacy and also to ensure that the questions do not provide immediate 

answers that might cause students to lose confidence. In addition, the question 

formats were also modified to the right cognitive level of the selected iGeneration 

students as well as provide more relevance to the game.  

 For the evaluation of Chemistry knowledge attained by the selected 

iGeneration students, it was found that the routine practice of tracing apparatus and 

crafting potions led to them being familiar with the apparatus they used and the 

physical separation techniques they conducted. In addition, the frequent bonding of 

petticles also led to the students learning about the types of chemical bonds available. 

In other words, the continuous mastery of game-play allowed students to translate 

implicit learning to explicit learning. Written assessments collected from the second 

week focus group interviews showed a marked increase in Chemistry knowledge 
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attained by the selected iGeneration students, especially in tracing apparatus. These 

findings are supported by the online quiz results (Appendix U), which showed 

students scoring very well in all three sections, which were identifying apparatus, 

physical separation techniques and types of Chemical bonds. Results also showed 

that in the first week, students were doing associative learning such as identifying 

colour or location of the buttons when choosing types of bonds, but in the second 

week, they were made aware that the colour or location of the certain button means 

they were choosing a certain bond. 

 The reinvention of Chemistry learning among the selected iGeneration can be 

seen when these students who have not been exposed to formal Chemistry learning 

were able to grasp the concept of Chemical bonding. The detailed explanation of 

Chemical bonding provided showed their understanding of Chemistry learnt was 

mainly from playing a digital game as no formal teaching were conducted. It also 

showed that learning was not linear and based on skills as students who were ten 

years old could fare as well as their older peers. Again results from written 

assessments and the online interactive assessment provided support to these 

statements. The concept of head fake is interesting to explain the reinvention of 

Chemistry learning as students were informed that they would be participating in a 

DRPG but were actually participating in a research study on Chemistry learning. 

 Finally, observations made by the researcher through video recordings and 

journaling as well as from the students’ Science teacher showed the importance of 

face-to-face interactions among students. Findings showed that peers acted as the 

MKO but the presence of a teacher as a mentor, motivator, knowledge provider and 

catalyst for students to have meaningful learning while they play is the most 
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important. It was interesting to also note that the instructional guidebook also acted 

as a form of scaffold to the selected iGeneration students.  

 In the next chapter, summary of the findings, implications of the study and the 

conclusion of the study will be discussed. 
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CHAPTER 6 

SUMMARY, IMPLICATIONS AND CONCLUSION 

 

6.1 Introduction 

 The summary of the research findings in this study and its implications are 

presented in this chapter. The contributions towards existing literature and 

recommendations for future studies are also discussed. Finally, this chapter will close 

with a conclusion of the study. 

 

6.2 Summary of Research Findings 

6.2.1 Motivation 

 This study was able to show that ChemCaper could capture the motivation of 

the selected students as results showed participants gave their complete focus and 

attention to the game. Students interacted with the game, their friends and teachers 

throughout the research period and video analysis showed not a single moment of 

boredom existed. Findings also showed the game was able to provide students with a 

sense of achievement, as the continuous cycle of searching for items to complete 

quest, battling monsters to get rewards and leveling up to get more ‘cool’ petticles 

provided the ‘flow’ and immersion to keep students motivated (Harackiewicz et al., 

1997).  

Univ
ers

iti 
Mala

ya



 

  159 

 Discussions in Chapter 2, literature review states that the perception of 

Chemistry being difficult often repels many (Aikenhead, 2003; Gabel, 1999; 

Johnstone, 1991; Kozma & Russel, 1997), but this study found that ChemCaper 

actually created a positive attitude and interest towards learning Chemistry. This 

positive attitude among the iGeneration students (who are all well below the age of 

learning Chemistry formally) provided them the motivation and allowed them to 

experience learning Chemistry while having fun. This game also helped foster 

stronger bonds as students cooperated and collaborated with each other to battle the 

monsters and learn Chemistry along the way. Students were highly motivated and 

interest as well as motivation stretched beyond game time as discussions continued 

along the corridors and in other places during school hours. Figure 6.1 shows a 

summary of motivation of participants from playing ChemCaper. 

 

Figure 6.1: Summary of motivation towards playing ChemCaper 
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6.2.2 Chemistry Knowledge Attained 

 The data collected became more meaningful when initial findings from the 

pilot study showed the need to modify the online quiz assessment and data collection 

method. These modifications helped to make the study more successful in 

understanding and evaluating the reinvention of Chemistry that occurred from this 

game. The effects are manifold, for instance, the online interactive quiz using Kahoot 

was modified to using Google as the platform as it provided more privacy and was 

less intimidating. Besides that, quiz items were modified to relate to the game 

content and Chemistry words that were too difficult for young learners to 

comprehend were removed to help make the evaluation valid and reliable.  

 From the findings discussed in the pervious chapter, most students from the 

actual study were able to draw more that 60% of all the apparatus that they traced 

from the game in a short span of two weeks. In addition, many were able to verbally 

explain a few physical separation techniques that they also learnt from the game. 

Although literature review mentions that connecting the macroscopic and 

microscopic levels of thought is a significant challenge to novices (Bradley & Brand, 

1985; Johnstone, 1974). However, participants from the research study could explain 

briefly what happened to the electrons during ionic bonding and covalent bonding. 

Two students who were more observant and analytical could even provide detailed 

descriptions on Chemical bonding, that the researcher felt even some Form Four 

students (sixteen year olds) have difficulty explaining. It is noteworthy to mention 

that these students had no prior help from teachers or parents about Chemistry. 
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 Figure 6.2: Summary of Chemistry knowledge attained. 

 

6.2.3 Importance of Scaffolding 

The Chemistry learning experienced by students is optimized when scaffolding is 

provided for students along their ZPD. These scaffolding came in many forms, 

including the Chempendium embedded in the game, the instructional guidebook 

provided in the second week, peers who grasp the game faster and also teachers who 

were at hand to provide the necessary guidance. It was discovered that those who 

grasped the game faster were teaching and discussing the mechanics of the game 

with peers who needed help. This provided the necessary scaffolding for some 

students along their ZPD. 

 Another element found in the game was associative thinking. Students’ ability 

to do associative thinking were frequently observed during the focus group 

interviews, whereby students described they chose the correct bonding to make 

petticles based on colour or position of the bond button. The reason for associative 
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thinking is because the game design provides students with visuals of how bonding 

occurs in atoms with minute details such as colour and characteristic of petticles 

embedded in the game. For example, the colour and number of rings around the orbs 

actually match the colour and number of electron filled shells of the actual element. 

Another example of implicit characteristic that matches what the student will 

eventually learn in Chemistry is nitrogen, which is named Cryo because it defeats 

opponents by freezing. Hence, nitrogen is associated with cryogenics. Again, a 

facilitator is crucial to guide this associative thinking and translate it to constructive 

thinking. This shows the importance of an educator to provide the necessary 

scaffolding for students to maximize their learning. Figure 6.3 illustrates the 

summary of scaffolds in ChemCaper.  

 

 

 

 

 

 

Figure 6.3: Summary of the importance of scaffolds in ChemCaper 
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6.2.4 Reinvention of Chemistry Learning 

 The findings of this study also support advocators of DGBL that ChemCaper 

allowed children to explore, discover and create meaningful play through what is 

known as situated learning. One element inserted into the game to allow situated 

learning is head fake, whereby learning occurs without students’ realization as they 

thought they were mastering the game. The implicit learning that occurred through 

head fake becomes expressed explicitly when teachers step in to facilitate the 

learning process, providing the scaffolding as they explain to students the Chemistry 

content that they have experienced.  

 Another element that helps with memory retention is active learning. The game 

provides stimulation for all three visual, auditory and kinesthetic senses as students 

actively learn how to problem solve through game strategy. Two students actually 

did an analysis of the best strategy to defeat the boss for each level. All these 

information are imprinted in the students’ mind and helps in memory retention when 

students are exposed to Chemistry learning in their later years. This is especially 

important as Chemistry is considered an abstract subject. Finally, the repetitive 

nature of the game, which requires constant practice to trace apparatus, craft potions 

and choose the correct bond to make petticles leads to mastery learning.  

 All these elements when incorporated into a DRPG leads to non-linear learning 

that is not age based but more skills based. Besides that, students that have not been 

formally introduced to Chemistry are able to draw apparatus which are not in their 

Science curriculum, identify the types of physical separation techniques and have an 

understanding of the types of Chemical bonds required to produce different type of 

petticles. The reinvention of Chemistry becomes even more real when learning is not 
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age based but skill based as findings show ten year olds have equal if not better 

knowledge of Chemistry compared to their older peers. Besides that, ChemCaper has 

also allowed students to develop 21st century skills set like creativity skills, problem 

solving skills, having initiative and self-direction and communication and 

collaboration skills.  

 Finally, findings show that although ChemCaper is completely learner centred. 

However, it must be teacher facilitated in order for students to translate implicit 

learning to explicit learning and obtain the right learning content and process. It must 

also be impressed upon that a game is just a game that may be able to maintain the 

interest and motivation of students. However, teachers still play a crucial role in 

facilitating the learning process especially in the reinvention of difficult subjects like 

Chemistry. The reinvention of Chemistry learning that occurred is summarized in 

Figure 6.4. 

 

Figure 6.4: Summary of the reinvention of Chemistry that occurred from Chemcaper
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6.3 Implications of the Study 

 Based on findings from the current study, there are a few implications for the 

Malaysian Education Curriculum. This study shows that students are very interested 

and motivated when learning using digital games. Hence, teachers and educators 

might consider altering their teaching styles with their TPACK knowledge to suit the 

learning styles of the iGeneration. Moreover, if educational digital games are 

designed and incorporated into the education curriculum, parents should no longer be 

apprehensive to allow their children to play digital games, with adult supervision. 

 Results showed that students were able to learn Chemistry from playing digital 

games. Hence, this study would prove to be a stepping-stone for more studies on how 

ChemCaper can be incorporated in the Chemistry curriculum specifically and how 

digital games, like DRPG can be incorporated in other curriculum in general. 

 Most importantly, the findings of this study have shown that it may be possible 

to introduce Chemistry to children that are younger and that education should no 

longer be age based but based on skills. 

 

6.4 Future Research and Recommendations 

 It is evident that digital technologies will eventually play a vital role in shaping 

the lives of our future generation and this includes the future of the education system. 

Although substantial budget have been allocated and spent on equipping classrooms 

with connectivity and digital technologies (Malaysia Education Blueprint 2013-2025, 

2013), results showed students fared poorly in science in national examinations 

(Boo, 2015).  
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 In this research study, findings showed that the motivation of students to learn 

Chemistry was developed through playing ChemCaper. The researcher also 

discovered that as students immersed themselves in a virtual world of imagination, 

they attained Chemistry knowledge from the game. Hence, this game might be able 

to bridge the gap and draw students back to being interested and motivated in 

Chemistry and perhaps other Sciences. In addition, this game might also prove to be 

effective in learning Chemistry. Hence, an intervention study might help to establish 

the effectiveness of this game. In addition, as the sample size in this study was only 

twenty, the researcher would recommend a larger sample size to include more 

schools and states in Malaysia for future studies if budget permits. This will provide 

statistical significance and power to the current study. Another aspect that can be 

included in future research is to study the effectiveness of embedding digital games 

like ChemCaper into the Science curriculum of selected schools to merge game-play 

with education, especially in the age of the iGeneration. 

  Future studies might also consider looking at evaluating how students are able 

to acquire Chemistry knowledge from playing this game. In other words, an in-depth 

study on the students’ cognitive processes that resulted in learning Chemistry from 

this game would help understand better how to reinvent the learning of Chemistry 

and perhaps other subjects too. One component that might be of consideration is to 

include evaluating how non-linear learning can occur among students through game-

play and also to investigate in more detail how students through their cognitive 

processes can progress based on skills and ability. 
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6.5 Conclusion 

 From the findings of this study, it can be concluded that digital game based 

learning like ChemCaper shows promise for the future of education. The reinvention 

of Chemistry learning using ChemCaper takes a different approach in numerous 

ways. First, the study showed that prior knowledge is not required to learn Chemistry 

using ChemCaper. This means development does not precede learning. Hence, 

results showed students below the age of formal learning can attain the same 

knowledge as compared to peers 4 to 6 years older. Second, the game is able to 

maintain students’ motivation to learn Chemistry as they enjoyed playing the game. 

The study also showed students learnt from implicit learning or head fake while 

enjoying playing ChemCaper as opposed to didactic pedagogy. Third, learning takes 

a non-linear approach, as learning becomes random and situational. It is not 

structured and does not follow a methodological sequence because students choose 

to learn what they want based on their preference and the situation they encountered 

in the game. Fourth, Chemistry learning can occur across age, based on skills as 

students who were more competent in the game progressed faster than their peers. 

 Indeed, this game have shown that it is possible to have a commercial digital 

role play game that have sound pedagogical tools that can attract the masses. But, 

findings from this research study also showed that the role of a teacher as facilitator 

is still crucial in ensuring the success of learning among the students. 
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