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 The purpose of this study is to investigate the effect of Malaysian Kimia 

(Chemistry) Digital Games (MyKimDG) module on students‟ achievement and 

motivation in chemistry as well as 21
st
 century skills. Chemistry education in 

Malaysia should put greater emphasis on combination of cognitive, sociocultural 

and motivational aspects to ensure that students are well-equipped with 

knowledge, skills and values relevant to the new global economy. Previous 

studies have reported that digital game-based learning (DGBL) provides 

opportunities for increasing students‟ motivation in learning while enhancing 

their academic achievement and 21st century skills. Based on the DGBL 

approach as well as constructivist-constructionist learning theories, MyKimDG 

was developed as a mechanism for achieving the desired goals. In this study, 

students were provided opportunities to take on the role of game designers, 

developing digital games while learning chemistry. This study employed quasi-

experimental with non-equivalent control group pretest-posttest control group 

design. Subjects were composed of 138 secondary students. Results showed that 

the treatment group outperformed the control group in the chemistry 

achievement test. In addition, students‟ self-efficacy and high productivity scores 

improved significantly between pretest and posttest for treatment group. The 

findings imply that the inclusion of student as game designer approach in 

chemistry learning is able to help students develop an in-depth knowledge on 

chemistry and foster their 21
st
 century skills as well as increase students‟ 

motivation in chemistry. 
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Introduction 

 

Science, technology and innovation (STI) has been recognized as a vital driver of economic and social 

development (UNCTAD, 2017). People are key for the creation, diffusion and use of knowledge through STI 

(OECD, 2016). For science and technology innovators it is important to master chemistry knowledge because 

chemistry is essential for comprehending most of the fields of science, technology and engineering (Balaban & 

Klein, 2006). Indeed, chemistry is often called the central science (Brown, LeMay, Bursten, Murphy, & 

Woodward, 2011; Chang, 2007). Apart from knowledge, innovation in the 21st century requires a new range of 

skills known as 21st century skills. For instance, effective communication and collaboration problem solving 

skills are crucial for success in today‟s complex world. Increasing levels of complexity require expertise 

communicate effectively and working together to solve problems or create novel products. For that reason, 

chemistry education in the 21
st
 century should be given simultaneously on enhancing students‟ knowledge 

acquisition as well as nurturing of 21st century skills to produce students who are capable of generating science 

and technology innovation. Meanwhile, students must be highly motivated so that the learning becomes more 

efficient. According to Deci, Vallerand, Pelletier and Ryan (1991), the acquisition of knowledge is insufficient. 

At the same time, students also need to be passionate about learning and engage voluntarily in the learning. 

 

Unfortunately, studies (e.g. Iksan, Halim, & Osman, 2006; Osman, Iksan, & Halim, 2007) showed that 

Malaysian students had a moderate level of motivation in science. The studies also revealed that students‟ 

motivation in science decreased with increasing of educational stages. Furthermore, Malaysian students‟ 

achievement in chemistry is also not encouraging. Based on the performance analysis of Malaysian Certificate 

of Education (SPM) Chemistry from 2010 to 2013 revealed that approximately 40 percent of the candidates 

were unable to master chemistry concepts to earn good grades. Chemistry is usually perceived as a difficult and 

unpopular subject due to the abstract nature of chemical concepts. Studies (e.g. Lay & Osman, 2015; Lee & 

Osman, 2014) revealed that the Salt chapter is considered the toughest chapter in the Malaysian Chemistry 

Curriculum. The problem which causes difficulty in the Salt chapter is that students lack of understanding of the 
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reactions occurred (Tan, Goh, Chia, & Treagust, 2002). In the chapter of Salt, chemical reactions and physical 

changes involved include solubility, precipitation, displacement, thermal decomposition and acid-base reaction. 

In term of 21st century skills, studies (e.g. Amin, Jaffar, Hood, Saad, & Amin, 2013; Ariffin, 2005; Hew & 

Leong, 2011; Sukor, Osman, & Abdullah, 2010) have reported that the 21
st
 century skills of Malaysian students 

are unsatisfactory. It is therefore not surprising that the results of PISA 2012 assessment on creative problem-

solving (OECD, 2014) showed Malaysian student performance ranked 39
th

 out of 44 participating countries. 

 

Thus, 21st century chemistry education in Malaysia should put greater emphasis on combination of cognitive, 

sociocultural and motivational aspects to ensure that students are well-equipped with knowledge, skills and 

values relevant to the new global economy. In this case, a change in chemistry instructional approaches is 

critical. This is especially more crucial when educating today‟s students who are „digital wisdom‟ (Prensky, 

2012). The teaching and learning approaches must befit the needs of these digital natives and subsequently 

achieve the desired aspiration (i.e. promote students‟ conceptual understanding and motivation in chemistry) 

while provide opportunities for 21st century skills development. 

 

 

Digital Games and Chemistry Learning 

 

One approach suggested by researchers to educate the digital native generation is digital game-based learning 

(DGBL). Nowadays, DGBL is gaining popularity parallel with their popular reputation among students (Osman 

& Bakar, 2013). In general, the studies on DGBL were carried out through two approaches, namely (i) student 

as game consumer or player, and (ii) student as game designer. In the first approach, the students were involved 

in playing commercial digital games in the market or educational digital games developed by educators. 

However, there are many obstacles to implementing the student as game consumer approach. For instance, the 

contents of commercial digital games are inaccurate or incomplete as they are not designed to teach (Van Eck, 

2006); and the development of educational digital games is time-consuming because effective learning strategies 

need to be developed as an integrated part of professional educational digital games (Hwang, Sung, Hung, 

Yang, & Huang, 2013). One alternative of DGBL approach that has been proposed by some scholars (Jung & 

Park, 2009; Kafai, 1996; Osman & Bakar, 2013; Papert, 1998) is for students to design their own digital games. 

Many studies have reported that this approach provide opportunities for students to explore ideas according to 

their own interests (Kafai & Ching, 1996); become active participants and problem solvers, engage in social 

interaction by sharing their designs and helping each other and take ownership of their own learning (Baytak & 

Land, 2010). In addition, the student as game designer approach is a better way to increase students‟ motivation 

and deep learning compared to the student as game consumer approach (Vos, van der Meijden, & Denessen, 

2011). According to them, this might be due to constructing a game demands more student activity than playing 

a game, which is to some extent a more passive learning activity. Scholars, such as Lim (2008) and Prensky 

(2008), also recognized the potential of this approach in improving student motivation and engagement. 

Therefore, an innovation has been initiated to take advantage of the student as game designer approach to 

support the acquisition of chemical concepts and 21
st
 century skills as well as increase students‟ motivation in 

chemistry. A module known as Malaysia Kimia (Chemistry) Digital Game, MyKimDG, has been developed in 

order to assist students in the learning of the Salt chapter and achieve the desired goals. 

 

 

MyKimDG Module 

 

The MyKimDG was developed based on Kemp Instructional Design Model (Morrison, Ross, Kalman, & Kemp, 

2013). Principles derived from constructivist and constructionist learning theories play an important role in 

guiding MyKimDG development. The authors identified six guiding principles that should be incorporated in 

MyKimDG:  

 Knowledge construction: Student constructs new understanding pursuant to his/her existing knowledge 

(Piaget, 1977). 

 Collaboration: Peer collaboration may trigger cognitive conflict and this may result in reconstruction of 

ideas (Vygotsky, 1978). 

 Exploration: Understanding is lifted when students discover new knowledge themselves (Bruner, 1962). 

 Learning through designing: Learning can be enhanced if students are involved in design projects (Papert, 

1991).  

 Motivation: Motivation is recognized as a factor affecting conceptual change and reconstruction of ideas 

(Palmer, 2005). 
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 Technological literacy: Leverage contemporary technologies efficiently and effectively to communicate, 

collaborate, solve problems, accomplish tasks and as construction material (Papert, 1999). However, the 

focus is not on the technology alone, but on the promoting technological literacy.  
 

Based on these principles, activities in MyKimDG were designed so that students engage in discovery activities 

through teamwork. In addition, they were required to design digital games using ICT to teach their peers who 

faced problems in the learning of the chemical concept. To assist students in carrying out discovery activities 

and digital game design projects, they were guided to go through the IDPCR phases (Inquiry-Discover-Produce-

Communicate-Review) (see Figure 1). The IDPCR phases are illustrated below with reference to a chemistry 

unit which involved precipitation reaction. To assist students understand why precipitation reaction used in the 

preparation of insoluble salt, they were engaged in discovery activity. Figure 2 shows the Inquiry and Discover 

phases of the discovery activity. To extend students‟ understanding about the observed phenomenon (i.e. 

precipitation reaction), they were given tasks to design digital games using ICT to teach their peers who faced 

problems in the learning of the chemical concept. The game-design activities are presented in Figure 3. Students 

were engaged in designing PowerPoint games to represent the phenomenon at the sub-microscopic level. It was 

expected that the learning environment created by implementation of MyKimDG would improve students‟ 

conceptual understanding, motivation in chemistry and 21
st
 century skills. Apart from that, it was expected that 

the acronym IDPCR could help students remember the five important domains of 21
st
 century skills, i.e. 

Inventive thinking, Digital-age literacy, high Productivity, effective Communication and spiritual values (nilai 

keRohanian). 

 

 
Figure 1. IDPCR 

 

 
Figure 2. Discovery activities in MyKimDG 
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Figure 3. Game-design activities in MyKimDG 

 

 

Objective of Study 

 

The authors developed the MyKimDG and carried out the study for several objectives as listed below:  

 Identify the effectiveness of MyKimDG on students‟ achievement in Salt chapter. 

 Identify the effectiveness of MyKimDG on students‟ 21
st
 century skills. 

 Identify the effectiveness of MyKimDG on students‟ motivation in chemistry. 

 

 

Method 

 

The study is a quasi-experimental study with a non-equivalent control group pretest-posttest design. There were 

two intervention groups: the treatment group and the control group. Students in the treatment group learned the 

Salt chapter using the MyKimDG developed by the authors. On the other hand, the control group students were 

instructed in conventional method using learning materials (i.e. text book and practical book) mandated by the 

national curriculum for Chemistry. 

 

 

Subjects of Study 

 

A total of 138 (56 males and 82 females) Form Four students (16 years old) from four secondary schools in one 

of the districts in Malaysia were involved in the study. Two schools were randomly selected as the treatment 

group and another two schools were assigned as the control group. Three classes with some similar 

characteristics (e.g. the ratio of male and female students; the experience of the Chemistry teacher who taught 

the class) were chosen from each group. There were 24 males and 35 females in the control group, and 32 males 

and 47 females in the treatment group. Both groups were taught by chemistry teachers who have more than five 

years of experience in teaching chemistry. The students then completed the pre-test to ensure that students from 

the both groups were homogenous in terms of existing knowledge in the Salt chapter, 21
st
 century skills and 

motivation in chemistry. Independent-samples t-test results (see Table 1) showed that both groups had no 

significant difference in prior knowledge in the Salt chapter, 21
st
 century skills and motivation in chemistry.  

 

Table 1. Descriptive statistics and results of independent-samples t-test for pretest 

Test Group N M SD t Sig.(2-tailed) 

Achievement test 

 

Control 59 10.65 4.73 -0.34 

 

0.732 

 Treatment 79 10.93 4.70 

21
st
 century skills Control 59 3.76 0.28 -0.66 0.510 

Treatment 79 3.79 0.29 

Motivation in chemistry 

 

Control 59 3.71 0.24 1.24 

 

0.217 

Treatment 79 3.65 0.27 

       α = 0.05 
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Instruments of Study 

 

Achievement Test  

 

The achievement tests were administered in the form of a pretest and posttest before and after the intervention. 

Items in the pretest and the posttest were equivalent in terms of the level of Bloom‟s taxonomy and the concepts 

tested. The pretest was used to identify students‟ existing knowledge before interventions. The posttest scores 

were used to compare the effectiveness of interventions (i.e. conventional method and MyKimDG) in increasing 

students‟ achievement in the Salt chapter.  

 

 

SMTSL Questionnaire 

 

This questionnaire is a Likert scale questionnaire. The original version of the questionnaire, Students‟ 

Motivation towards Science Learning (SMTSL), was developed by Tuan, Chin and Shieh (2005). The word 

„science‟ in the original SMTSL was substituted for the word „chemistry‟. There are six domains of motivation 

involved: self-efficacy, active learning strategies, science learning value, performance goal, achievement goal, 

and learning environment stimulation. The Cronbach‟s alpha of each domain ranged from 0.72 to 0.81. The 

overall Cronbach‟s alpha of the SMTSL was 0.85. The questionnaire was given to the samples before and after 

the interventions. The pretest was used to measure students‟ existing motivation level before interventions. The 

pretest and posttest scores were used to evaluate the impact of the interventions in increasing students‟ 

motivation in chemistry. 

 

 

M-21CSI Questionnaire 

 

This questionnaire is a Likert scale questionnaire developed by Soh, Osman, and Arsad (2012). There are five 

domains of 21st century skills involved: digital age literacy, inventive thinking, effective communication, high 

productivity, and spiritual values. The five domains of 21
st
 century skills were identified by Osman and 

Marimuthu (2010). The Cronbach‟s alpha of each domains ranged from 0.80 to 0.93. The overall Cronbach‟s 

alpha of the M-21CSI was 0.97. The questionnaire was given to the samples before and after the interventions. 

The pretest was used to measure students‟ existing 21
st
 century skills level before interventions. The pretest and 

posttest scores were used to evaluate the impact of the interventions in increasing students‟ 21
st
 century skills 

level. 

 

 

Results 
 

Students’ Achievement in the Salt Chapter 

 

Data screening was carried out prior to statistical procedure. No missing data or outliers were found in the 

control group. On the other hand, two samples of treatment group in the original sample had missing data on 

either pre or post achievement test. Five outliers were detected on pretest, posttest or both among the sample in 

the treatment group. After deletion of cases with missing data and outliers, the numbers of samples in treatment 

group reduced to 72. Assumption regarding the normality of sampling was met for both pre and posttest scores 

of control and treatment groups.  

 

T-tests were conducted to evaluate the impact of the interventions on students‟ scores in the achievement test. 

Table 2 shows the descriptive statistics and results of the independent-samples t-test for achievement pretest and 

posttest. The results showed that there was no significant difference in pre-test scores for the treatment (M = 

11.20, SD = 4.75) and the control groups (M = 10.65, SD = 4.73); t(129) = -0.67, p = 0.507. However, there was 

a statistically significant difference in posttest scores for the treatment (M = 37.15, SD = 12.70) and the control 

groups (M = 19.29, SD = 10.99); t(129) = -8.50, p < 0.001.  

 

The magnitude of the differences in the means (mean difference = 17.86, 95% Cl: 13.70 to 22.01) was large (eta 

squared = 0.36). Descriptive statistics showed that students who learned the Salt chapter with the MyKimDG 

module were achieving higher results compared with the control groups who learned the same chapter using the 

conventional method. Hence, the MyKimDG developed in the study was proven to have ability to help students 

produce better content achievement in the Salt chapter. Figure 4 shows the changes of achievement test scores 

across time point by intervention groups. 
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Table 2. Descriptive statistics and results of independent-samples t-test for achievement pretest and posttest 

Test Group N M SD t Sig.(2-tailed) 

Pre 

 

Control 59 10.65 4.73 -0.67 

 

0.507 

 Treatment 72 11.20 4.75 

Post 

 

Control 59 19.29 10.99 -8.50 

 

0.000 

 Treatment 72 37.15 12.70 

   α = 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Achievement test scores across time point by intervention group 

 

 

Students’ 21st Century Skills 

 

Table 3 shows the descriptive statistics for the five domains of 21
st
 century skills by group and time point. 

 

Table 3. Descriptive statistics for the five domains of 21
st
 century skills by group and time point 

Domain Group N Pretest  Posttest 

M SD  M SD 

Digital age literacy Control 59 3.68 0.31  3.65 0.31 

Treatment 79 3.64 0.34  3.72 0.25 

Inventive thinking Control 59 3.72 0.33  3.76 0.33 

Treatment 79 3.78 0.36  3.87 0.32 

Effective communication Control 59 3.70 0.37  3.88 0.34 

Treatment 79 3.86 0.39  3.90 0.40 

High productivity Control 59 3.60 0.38  3.63 0.36 

Treatment 79 3.55 0.33  3.77 0.36 

Spiritual value Control 59 4.08 0.48  4.15 0.41 

Treatment 79 4.11 0.48  4.22 0.47 

 
A doubly-multivariate analysis of variance was performed to investigate the group differences in 21st century 

skills at two time points (pre and post interventions). No data were missing. Preliminary assumption testing for 

normality, univariate and multivariate outliers, homogeneity of variance-covariance matrices, linearity and 

multicollinearity showed that no violations were found. Results (Table 4) showed that the interaction between 

group and time is statistical significant for high productivity [F(1, 136) = 5.375, p = 0.022; partial eta squared = 

0.038]. Figure 5 shows the changes of high productivity scores across time point by intervention groups. 

 

Table 4. Univariate test for each domain of 21
st
 century skills 

Effect Domains SS df MS F Sig. Partial η
2
 

Time*Group Digital age literacy 0.192 1 0.192 2.497 0.116 0.018 

Inventive thinking 0.034 1 0.034 0.342 0.560 0.003 

Effective communication 0.258 1 0.258 2.246 0.136 0.016 

High productivity 0.586 1 0.586 5.375 0.022 0.038 

Spiritual value 0.040 1 0.040 0.178 0.674 0.001 

  α = 0.05 
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Figure 5. High productivity scores across time point by intervention group 

 

As shown in Table 5, further analyses of the interaction between group and time for high productivity scores 

revealed that there was no significant differences between groups at pretest [t(136) = 0.782, p = 0.436], but there 

was a significant differences between groups at posttest [t(136) = -2.266, p = 0.025]. An inspection of the 

posttest mean scores indicated that treatment group reported slightly higher levels of high productivity (M = 

3.77, SD = 0.36) than control group (M = 3.63, SD = 0.36). The magnitude of the differences in the means 

(mean difference = 0.14, 95% Cl: 0.02 to 0.26) was small (eta squared = 0.04).  

 

Table 5. Descriptive statistics and results of independent-samples t-test for high productivity 

Time Group N M SD t Sig. (2-tailed) 

Pre Control 59 3.60 0.38 0.782 0.436 

 Treatment 79 3.55 0.33   

Post Control 59 3.63 0.36 -2.266 0.025 

 Treatment 79 3.77 0.36   

         α = 0.05 

 

Further analyses as presented in Table 6 also showed that the high productivity scores improved significantly 

between pretest and posttest for treatment group, t(136) = -3.949, p < 0.001.  These findings showed that 

students who used the MyKimDG were achieving higher in high productivity skill compared with the control 

groups who were taught in conventional method. Hence, the MyKimDG was proven to have the ability to 

increase students‟ high productivity skills. 

 

Table 6. Descriptive statistics and results of paired-samples t-test for high productivity 

Group Test N M SD t Sig. (2-tailed) 

Control Pre 59 3.60 0.38 -0.680 0.499 

 Post 59 3.63 0.36   

Treatment Pre 79 3.55 0.33 -3.949 0.000 

 Post 79 3.77 0.36   

         α = 0.05 

 

 

Students’ Motivation in Chemistry 

 

Descriptive statistics for the six domains of motivation by group and time point are in Table 7.  
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Table 7. Descriptive statistics for the six domains of motivation in chemistry by group and time point 

Domain Group N Pretest  Posttest 

M SD  M SD 

Self-efficacy 

 

Control 59 3.55 0.57  3.34 0.67 

Treatment 79 3.44 0.50  3.66 0.50 

Active learning strategies 

 

Control 59 3.97 0.33  3.92 0.45 

Treatment 79 3.86 0.38  3.92 0.40 

Science learning value 

 

Control 59 3.99 0.40  3.96 0.52 

Treatment 79 4.01 0.39  4.17 0.45 

Performance goal 

 

Control 59 2.86 0.78  2.96 0.67 

Treatment 79 2.83 0.55  3.01 0.80 

Achievement goal 

 

Control 59 4.01 0.42  4.05 0.59 

Treatment 79 4.05 0.50  4.14 0.44 

Learning environment stimulation Control 59 3.87 0.41  3.82 0.45 

Treatment 79 3.72 0.45  3.84 0.43 

 

A doubly-multivariate analysis of variance was performed to investigate the group differences in motivation at 

two time points (pre and post interventions). No data were missing. Preliminary assumption testing for 

normality, univariate and multivariate outliers, homogeneity of variance-covariance matrices, linearity and 

multicollinearity showed that no violations were found. Results (Table 8) showed that the interaction between 

group and time is statistical significant for self-efficacy [F(1, 136) = 10.96, p = 0.001; partial eta squared = 

0.075]. Figure 6 shows the changes of self-efficacy scores across time point by intervention groups. 

 

Table 8. Univariate tests for each domain of motivation 

Effect Domain SS df MS F Sig. Partial η
2
 

Time* 

Group 

Self-efficacy 2.98 1 2.98 10.96 0.001 0.075 

Active learning strategies 0.20 1 0.20 1.35 0.248 0.010 

Science learning value 0.60 1 0.60 3.43 0.066 0.025 

Performance goal 0.11 1 0.11 0.25 0.618 0.002 

Achievement goal 0.05 1 0.05 0.22 0.638 0.002 

Learning environment stimulation 0.51 1 0.51 2.51 0.116 0.018 

α = 0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Self-efficacy scores across time point by intervention groups 

 

As shown in Table 9, further analyses of the interaction between group and time for self-efficacy scores 

revealed that there was no significant differences between groups at pretest [t(136) = 1.12, p = 0.265], but there 

was a significant differences between groups at posttest [t(136) = -3.06, p = 0.003]. An inspection of the posttest 

mean scores indicated that treatment group reported higher levels of self-efficacy (M = 3.66, SD = 0.50) than 
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control group (M = 3.34, SD = 0.67). The magnitude of the differences in the means (mean difference = 0.32, 

95% Cl: 0.11 to 0.53) was moderate (eta squared = 0.06).  

 

Table 9. Descriptive statistics and results of independent-samples t-test for self-efficacy 

Test Group N M SD t Sig. (2-tailed) 

Pre Control 59 3.55 0.57 1.12 0.265 

Treatment 79 3.44 0.50   

Post Control 59 3.34 0.67 -3.06 0.003 

Treatment 79 3.66 0.50   

             α = 0.05 

 

Further analyses as presented in Table 10 also showed that the self-efficacy scores improved significantly 

between pretest and posttest for treatment group, t(136) = -3.40, p = 0.001. These findings showed that the 

MyKimDG was proven to have the ability to increase students‟ self-efficacy. 

 

Table 10. Descriptive statistics and results of paired-samples t-test for self-efficacy 

Group Test N M SD t Sig. (2-tailed) 

Control 

 

Pre 59 3.55 0.57 1.70 0.095 

Post 59 3.34 0.67   

Treatment 

 

Pre 79 3.44 0.50 -3.40 0.001 

Post 79 3.66 0.50   

             α = 0.05 

 

 

Discussion 
 

The findings suggested that learning through MyKimDG was more effective than the conventional method at 

supporting a higher achievement in the Salt chapter, 21st century skills and motivation in chemistry. In 

particular, it is proven that MyKimDG may improve students‟ high productivity skills and self-efficacy. The 

high productivity skill in this study consists of three dimensions: (i) prioritize, plan, and manage for results, (ii) 

effective use of real-world tools, and (iii) ability to produce relevant and high-quality products. Self-efficacy 

refers to the people‟s beliefs about their ability in producing designated levels of performance (Bandura, 1997). 

 

Generally, the practice in Malaysian science classroom is very much bounded by conventional method that 

generally focus on knowing content in the learning materials for summative assessment purpose (Ministry of 

Education Malaysia, 2013). In some science classroom, teachers‟ practices do not reflect the real constructivist 

learning approach that required by the Malaysian Science Curriculum (Sim & Arshad, 2015; Tan & Arshad, 

2014). Teachers normally begin teaching the Salt chapter by explaining the facts in the text book before students 

engage in experiments. Afterwards, students followed the procedures in practical book to carry out experiments. 

Teachers then led students to draw conclusions. In this process, students were not given opportunities to 

discover ideas or concepts for themselves nor think about the chemical concept behind a chemical procedure. In 

this partially student-centered approach, rote memorization was generally still dominant. As a result, students 

did not understand the procedures meaningfully. Therefore, students were unable to apply the memorized facts 

to complete assignments that involve higher order thinking skill – synthesizing salts and qualitative analysis of 

salts. 

 

Contrary to the conventional method, MyKimDG created learning environment that allows students to work 

together to learn and discover ideas or concepts (see Figure 2). Activities in MyKimDG were designed to 

engage students in communicating their ideas and making decisions based on the group‟s consensus. They were 

also engaged in design justification and argumentation (see Figure 3). In these processes, students also listen to 

input from peers and defend their ideas. Peer‟s input may trigger cognitive conflict and this may result in 

reconstruction of existing ideas, and hence towards deeper level of understanding. Collaborative and argument-

driven classroom were reported to be more successful than the traditional classroom for improving academic 

achievement (Balci & Yenice, 2016; Capar & Tarim, 2015; Demircioglu & Ucar, 2015). Besides, students were 

given opportunities to visualize the concepts in the sub-microscopic level, and explained or represented the 

macroscopic experience at the sub-microscopic and symbolic levels. The triplet relationship is the key model 

used in chemical education (Gilbert & Treagust, 2009) to increase students‟ conceptual understanding. Figure 7 

shows example of dissolution model created by students. Therefore, students in treatment group were more 

likely to demonstrate better improvement in the Salt chapter then the control group. 
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In MyKimDG, students were also given opportunities to engage in collaborative PowerPoint Game modifying 

and designing projects. They were required to carefully plan, utilize time and 21st century tools and resources 

toward the goal – creating PowerPoint game to help their peers who face difficulty in learning a particular 

chemical concept. The task were challenging but achievable with reasonable efforts and scaffolding. To help 

students in developing the PowerPoint game designing skills, the development phases proposed by Rieber, 

Barbour, Thomas and Rauscher (2008) was used as a guide in MyKimDG (see Figure 3). First, students played 

an existing game. Afterwards, they were asked to improve the game they played to make it more educational 

and entertaining. Students then designed their own digital game collaboratively. At the final stage, they were 

asked to improve and produce higher quality PowerPoint games that incorporate the best aspects of other 

groups‟ designs. The findings showed that this approach was able to increase students‟ perceived self-efficacy 

because students were given opportunities to experience successes. Repeated mastery experiences had led to a 

greater sense of competence (or self-efficacy). The findings also showed that this approach was able to increase 

students‟ high productivity skill because students were able to immerse themselves in the real-world practice. 

Besides, the IDPCR phases in MyKimDG can provide students a foundation in engineering design. As students 

become more fluent with the phases, they are expected to develop more complex projects. Students are also 

expected to practice the phases in everyday life and in the workplace, and hence, develop not only STEM-

literate workforce, but also STEM-literate citizenry. 

 

 
Figure 7. Example of dissolution model created by students 

 

For other domains of 21
st
 century skills (digital age literacy, inventive thinking, effective communication, and 

spiritual value), descriptive statistics (see Table 3) presented that students in the treatment group showed 

improvement in all these domains, even though not statistically significant. On the other hand, the application of 

conventional method was able to increase three domains of 21
st
 century skills (inventive thinking, effective 

communication, and spiritual value), but there was a decrement in digital age literacy scores after intervention. 

Similarly, based on descriptive statistics (see Table 7), students in the treatment group showed improvement in 

other five domains of motivation (active learning strategies, science learning value, performance goal, 

achievement goal, and learning environment stimulation) even though not statistically significant.  

 

By contrast, the application of conventional method was able to increase two domains of motivation (i.e. 

performance goal and achievement goal). The active learning strategies, science learning value, and learning 

environment stimulation scores for control group decreased after intervention. The results indicated that the use 

of the MyKimDG has the potential to further foster 21st century skills and motivation in chemistry compared to 

the conventional method. In order to draw firm conclusions, however, longitudinal studies are needed to 

determine long-term effect. 

 

 

Conclusion  
 

The findings suggested that learning through MyKimDG was more effective than the conventional method at 

supporting a higher achievement in the Salt chapter, 21st century skills and motivation in chemistry. In 
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particular, it is proven that MyKimDG may improve students‟ high productivity skills and self-efficacy. 

However, MyKimDG can likely be improved to increase students‟ achievement in other domains of 21
st
 century 

skills and motivation in chemistry. Notwithstanding, this study provide some evidence that the inclusion of 

student as game designer approach in chemistry learning is able to increase students‟ achievement and 

motivation in chemistry as well as their 21
st
 century skills.  
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