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ABSTRACT 
This study aims to develop and understand the effect of a mobile game based learning (M-
GBL) implementation on student learning outcomes associated with student learning 
independence. The research was conducted in three schools at 58 Jakarta High School, 77 
Jakarta High School, and 78 Jakarta High School in the academic year 2016/2017. The 
research method used was quasi-experiment with two ways Anava research design 
(treatment by level 2x2). A total of 40 students, as a sample of the study, were selected using 
a simple random sampling technique. In the experimental class, the learning process used 
M-GBL media which has been validated by experts and tested against students and 
teachers. While students in the control class, the learning process used traditional media. 
The conclusions are: M-GBL media is feasible to be used as chemistry learning media which 
is practical, fun, interesting, can be used anywhere, and in accordance with facilities owned 
by learners. M-GBL media has a positive effect on students chemical learning outcomes 
when applied to groups of students who have high learning independence; in groups of 
students who have low learning independence, students’ academic achievement when 
taught using M-GBL media were lower than students taught using traditional media owing 
to the factor of learning independence. 
 
Keywords: mobile game based learning, learning outcomes, learning independence, 
chemistry 

 

INTRODUCTION 

Teaching and learning activities are effective when using media that is integrated with technology to help enhance 
students’ understanding as well as their interest in the topic. Through the Internet, information technology is a way 
for the world to generate the multiplier effect of learning (Wu & Tai, 2016). Technology is a complementary tool for 
enhancing innovative instructional models and, due to the prevalence of technology in our society, especially for 
students, many educators strive to make its integration into education a reality (Ekmekci & Gulacar,2015). Game 
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based learning, on mobile devices, is an alternative learning media being developed by researchers to create fun 
learning that is easy to understand and accessible to students. 

Learning on mobile devices leads to the use of mobile phones as a learning media. Learning based on 
mobile devices (mobile game based learning) is an alternative learning service which can be implemented 
anywhere and anytime (Darmawan, 2012). Mobile game based learning is a game that contains a summary of the 
lesson topic, is constructed by different levels of education, is adjusted to the prevailing curriculum and is able to 
run on mobile devices. Because electronic games play such a prominent role in young people’s lives, researchers 
and educators, hope to combine the intrinsic motivation that students show towards electronic games that contain 
a summary of the topic of the lesson and objectives, to make learning more fun and enjoyable (Marina Papastergiou, 
2009a). 

 M-GBL has now become a new trend in education as most mobile devices, especially smartphones and 
tablets, can run user-friendly mobile applications. Mobile games based learning developed for chemical materials, 
among other uses, is the application OCRA (Organic Chemistry Reaction Application) being developed by Talib 
(2014). In OCRA, the users can explicitly form and break the chemical bond between atoms. Users can use the touch 
screen feature to explicitly demonstrate the organic reaction mechanism, explicitly through an electron moving 
technique, which is used to conceptually visualize the mechanistic steps in the organic reaction mechanism. A 
Multimedia Based maze game integrated with a scientific approach being developed by Setiawan (2016) has 
enhanced student learning outcomes. Based on this study, the scientific approach to learning by using a multimedia 
based labyrinth game can improve the quality of learning and increase student understanding. The examples 
provided here are practical examples where a mobile application has been innovatively designed to enhance the 
value of e-learning in an educational context. However, there is a need to develop more learning tools that 
specifically optimize the use of mobile applications to include other chemistry topics.  

Mobile games based learning, in the form of a quiz which contains a summary of the material and practice 
questions for chemistry material, is operated with the help of a mobile phone that has an Android operating system. 
Chemistry material presented as a mobile game will make students more interested and facilitate their 
understanding of the description of a chemical reaction. Gaming activities are a good source of engagement and 
bring fun into learning by providing an instant appraisal for players when tasks are completed successful, thereby 
motivating them to reach higher stages in the gameplay (Mathrani, Christian & Ponder-Sutton, 2016). Problem-
based learning, contained in the game on mobile devices, uses various ways to help students understand concepts 
and resolve various issues. Some researchers believe that teaching materials and techniques are not as good as 
having children learn via games by having fun and being happy (Norman, 1981). Games are easily accepted and 
used by students (Kafai, 1995). Furthermore, games can help students develop problem-solving skills (Seonju, 2002; 
Chuang & Chen, 2009; Lee & Chen, 2009; Blumberg, Rosenthal, & Randall, 2008; Shih, Shih, Shih, Su, & Chuang, 
2010). Media M-GBL is presented as an alternative to help students understand chemistry by using games on mobile 
devices.  

Contribution of this paper to the literature 

• The characteristics of the effective use of M-GBL media on student learning:  the use of books replaced by 
RAM with learning that can be arranged and connected. Mobile games do not require many pages of books 
and can be incorporated into the handset so they can be carried easily.  Learning is designed for use on 
mobile devices. Mobile games can be used on any mobile phone provided that the appropriate operating 
system base is installed. M-GBL media can be learned anywhere, any time by the students to enable them 
to obtain and explore the subject matter more effectively. 

• The results of the effectiveness test of using M-GBL media in chemistry learning. The using of M-GBL media 
will have a positive effect on students’ chemical learning outcomes when applied to groups of students who 
have high learning independence. In groups of students who have low learning independence, the use of 
M-GBL media is lower than that of students taught using traditional media. 
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The use of M-GBL media in learning relates to students’ learning independence. Student learning 
independence is one of the internal factors in a person that will lead to a sense of responsibility and confidence to 
achieve. Learning independence is very important for students to have because with this attitude students can 
discipline themselves to be responsible for the learning process. The learning environment with M-GBL media 
provides a means by which students can manage their learning (Chen, 2008). 

METHODOLOGY 

The research was conducted in three schools during the 2016/2017 academic year at: 58 Jakarta High 
School, 77 Jakarta High School, and 78 Jakarta High School. A quasi experimental method was used with Two-Way 
Anova research design (treatment by level 2x2). Two-Way Anova research design (treatment by level 2x2) in this 
study can be seen in Table 1. 

The sample in this study, consisting of 40 students from class X, was taken using a simple random 
sampling technique. Students in the study used M-GBL media that has been validated by experts and has been 
tested by students and teachers. The students in the control class used traditional media in the learning process. 
Data collection was is done using a test technique and questionnaire, that is, a learning results test and a self-study 
learning questionnaire. The test used approximately 20 multiple choice items with 5 choices. The multiple-choice 
test of validity was calculated using the “biserial point” analysis technique, while the reality was calculated using 
Kuder Richardson-20 (KR-20). In the test, the validity description was calculated using Karl Pearson’s “correlational 
product moment” analysis technique, while the reality was calculated using Alpha Cronbach. The type of self-
learning instrument used was a questionnaire in the form of statements totaling 28 items which calculated the 
validity using Karl Pearson’s “correlational product moment” analysis technique, while the realities was calculated 
using Alpha Cronbach. 

Before being analyzed, the student’s score was tested for normality and homogeneity. In this study, a 
normality test was done using the Liliefors test, while homogeneity test was done using the Fisher test and Bartlett 
Test. There are four hypotheses tested in this study. The first hypothesis (main effect) and the second (interaction 
effect) were tested using techniques of analysis of variance (ANOVA) two ways, while the third and fourth 
hypothesis (simple effect) were tested using the Tukey test. 

RESULTS AND DISCUSSION 

The product of mobile game based learning (M-GBL) development on reaction rate material is validated 
by media experts, chemistry concepts experts, and linguists. Furthermore, trials were conducted with students and 
teachers. Reaction rate materials are presented in the form of books, websites, slides or handouts. The effectiveness 
of M-GBL media was tested using the Two-Ways ANOVA test (treatment by level 2x2). 

The Evaluation Product M-GBL Media by Validation Expert 

Validation of the test stage aims to take into account the judgments, criticisms, and suggestions from 
experts on M-GBL media so as to developed and produce media of good quality. Expert validation testing stage 
has been done by material and language experts as well as by media experts. 

Table 1. Two Ways Anova Research Design (Treatment by Level 2x2) 

Learning Independence (B) 
Media learning (A) 

Mobile game based learning 
(M-GBL) (A1) 

Traditional Media (A2) 

Higher Learning Independence (B1) A1B1 A2B1 
Low Learning Independence (B2) A1B2 A2B2 
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Validation test by expert on chemistry concepts and language 

Six lecturers as experts on chemistry concepts and language. The feasibility test instrument, given to by 
the material and language experts, consisted of 12 questions covering several aspects, namely the relevance of the 
content to the competencies to be achieved by students; questions and discussion; and the language used in the 
media. 

Based on Table 1, the average feasibility assessment of M-GBL media by content experts, and linguists as 
a whole, is 86% with very good criteria. Also, based on the calculation of reliability between rater, it can be seen 
that the reliability value obtained for 0.67 with good criteria. These results indicate that the instrument used is 
reliable, and the quality of M-GBL media material is good. Information obtained from material and linguistic 
instruments is known that M-GBL media has met the criteria of quality media regarding validity, accuracy, 
conformity, and coverage proposed by Elissavet and Economides (2000). 

Validation test by media experts 

The validation test by media experts aims to know the feasibility of M-GBL media developed. The 
feasibility test phase by the media experts in this research involved six respondents, four of which are media 
learning design experts, and two IT experts. The instruments used by the media experts consisted of 13 questions 
covering visual display aspects as well as software implementation and engineering. 

Table 3 shows that the average of the overall M-GBL media assessment result is 90% with very good 
criteria. Also, based on the results of the assessment using reliability between rater, it can be seen that the results 
obtained reliability value of 0.62 with good criteria. These results indicate that the instrument used is reliable, 
feasible to use, and the quality of M-GBL media is good.  Based on the information obtained from the results of the 
instrument and the test of reality, it can be concluded that the resulting learning media meets the technical quality 
criteria proposed by Walker and Hess (Arsyad, 2011). 

The Evaluation Product M-GBL Media by Trial Test on Students and Teachers 

Results of product testing by student in small group 

In the trials, undertaken by by a small group of students, participants were given an application to install 
on their mobile phone using data transfer. The trial was conducted by distributing questionnaires to 20 students in 

Table 2. Results of media M-GBL Assessment by content experts and linguists 

Aspects Question Number 
Item 

Average Feasibility 
Percentage Criteria 

The relevance of content substance to the 
competencies that must be achieved by students 1, 2 and 3 86% Very good 

Problem and Discussion 4, 5, 6, 7, 8, 9 and 10 90% Very good 
Language 11 and 12 83% Very good 
Average Overall Media Assessment 86% Very good 

 

Table 3. Results of M-GBL Assessment from media expert 

Aspects Question Number 
Item 

Average Feasibility 
Percentage Criteria 

Audio and Visual Display 
1, 2, 3, 4, 5, 6, 7, 8, 

and 9 
82% Very good 

Software implementation and engineering 10, 11, 12, and 13 98% Very good 
Average Overall Media Assessment 90% Very good 
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the second grade of high school in Jakarta. The instrument used for these media trials consisted of a 26 item of 
questionaire covering several aspects as stated in Table 4. This small-scaled student test phase aimed to find out 
what the students’ assessment of the developed M-GBL media was, as well as to hear the criticism and suggestions 
from the students for improve the media so that it could inform the larger scale study. In the experiments conducted 
by students on the media produced, problems were identified and discussion points raised, such as, language used, 
audio and visual appearance, and software implementation and engineering and expediency. Here is a table of 
student test results on a small scale: 

Table 4 shows that in the aspect of expenditure, the highest percentage of average feasibility is highest 
compared to another aspect that is 83% with very good criteria. The indicator of this aspect of expediency concerns 
students’ interest in chemistry after using M-GBL media. Two questions cover the reasons for learning using the 
game being more interesting and fun and the interest of students wanting to learn chemistry further after using M-
GBL media. Based on the instruments distributed to 20 students, 85% of them stated that learning by using M-GBL 
media is more interesting and fun, and 90% of students were interested in studying chemistry further after using 
M-GBL media. Some students commented on the use of M-GBL media, one of which stateed that rather than using 
a mobile phone   for game play, it would be better to try the M-GBL media as it is easy to operate. 

Based on the results of the small-scale use of M-GBL media assessment by students, it can be claimed that 
the M-GBL media is well made and acceptable to the students. This is indicated by the average result of the overall 
media assessment that has an assessment percentage of 78% with good criteria. The suggestions from students 
about the media, namely, the use of a background that is too crowded and the addition of music. These suggestions 
were used to improve the media for subsequent large-scale trials. 

Results of product testing by students in large group 

After trialing the media with the small-scale student group and improving the media, the next phase of 
the research was to conduct media large-scale trials. This stage was done by distributing questionnaires to 100 
students in the second grade of high school in Jakarta. The medium test instrument used was the same as the 
questionnaire used for the small-scale trial; 26 questions consisting of several aspects in Table 5. The large-scale 
student trial stage aimed to reveal the students’ assessment of mobile learning media developed after the small-
scale trial and following the improvements made. Below is a table of results of meditation of the large-scale trials. 

Table 4. Assessment test of M-GBL as learning media by a small group of students 

Aspects Question Number Item Average Feasibility 
Percentage Criteria 

Questions and discussion 1, 2, 3, 4 and 5 76% Good 
Language 6 and 7 77% Good 
Audio and Visual Display 8, 9, 10, 11, 12, 13, 14, and 15 78% Good 
Software Implementation and Engineering 16, 17, 18, 19 and 20 76% Good 
Benefits 21, 22, 23, and 24 83% Very Good 
Average Overall Media Assessment 78% Good 
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Based on the results of M-GBL medium-scale & large-scale trial assessments, all aspects of the assessment 
increased compared to the M-GBL media outcome assessment results by the small-scale trial asessment, where the 
average overall media outcome assessment on the large-scale trial asessment has a percentage Assessment of 85% 
with very good criteria. This indicates that the M-GBL media is a feasible tool to be used as an alternative learning 
medium with high school students in the year 11 chemistry classrooms in the concept of Rate Reaction. Presentation 
of material in the form of mobile learning media that has not been so developed cause the material presented more 
interesting than in other forms. Another reason that makes students interested in M-GBL media is that the 
developed M-GBL media is made using an off / on form so it can be used anywhere and anytime without any time 
constraints, even if there is no internet connection.   

Results of product testing by teachers 

The media was tested by giving the application to 10 chemistry teachers to be installed on their owned 
mobile phone by using data transfer. The instrument for teacher media trials consisted of 23 questions consisting 
of several aspects as stated in Table 6. The following is a table of media test results by teachers: 

Based on the results of the teacher media trials, as collated in the table above, it can be seen that the average 
assessment of M-GBL media, as a whole, is 91% with very good criteria. Based on the results of the media trials by 
teachers it can be said that the resulting M-GBL media is feasible to be used as an alternative tool for learning 
chemistry. 

The M-GBL media product has advantages over other learning media, such as, the process of installing 
the media is very easy; the operation of the media is very easy, like operating a mobile phone in general; the medium 
can be used repeatedly without the need to use the internet, making it more economical; the material presented 
consists of several sub-items that are easy to understand; how to operate “touch and scroll”  makes the display 
more interesting and simple; media can be operated anywhere and anytime according to the needs of learners; 

Table 5. Results of M-GBL Media Trial Assays by Students of Large Scale 

Aspects Question Number Item Average Feasibility 
Percentage Criteria 

Questions and discussion 1, 2, 3, 4 and 5 86% Very Good 
Language 6 and 7 81% Very Good 
Audio and Visual Display 8, 9, 10, 11, 12, 13, 14, and 15 81% Very Good 
Software Implementation and Engineering 16, 17, 18, 19 and 20 84% Very Good 
Benefits  21, 22, 23, and 24 91% Very Good 
Average Overall Media Assessment 85% Very Good 

 

Table 6. Trial Results of M-GBL Media by Teacher 

Aspects Question 
Number Item 

Average Feasibility 
Percentage Criteria 

The relevance of content substance to the competencies 
that must be achieved by students 

1 and 2 100% Very Good 

Questions and discussion 3, 4, 5, 6 and 7 88% Very Good 
Language  8 and 9 88% Very Good 

Audio and Visual Display 
10, 11, 12, 13, 14, 
15, 16, 17 and 18 

89% Very Good 

Software Implementation and Engineering 19, 20, 21 and 22 88% Very Good 
Benefits 23 100% Very Good 
Average Overall Media Assessment 91% Very Good 
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media can be used as a learning medium for learners in high school; problems can be contained in the quiz 
accompanied by discussion; the sequence of questions in the quiz menu is randomly created each time the quiz 
menu opens so learners cannot memorize quiz answers.   

The Application of M-GBL Media on Student Learning 

The application of M-GBL media in the study of chemistry learning, studying the effect of M-GBL media 
used on students’ learning outcomes is related to learner independence. In this study,   four hypotheses were tested. 

The effect of M-GBL media on student learning outcomes 

Based on the result of hypothesis testing (Table 7), the value of Fcount (Fc) is 13.20. Meanwhile, the Ftable 
value at the level of significance (α) = 0.05 of 4.10. Therefore, the value Fcount> Ftable, then H0 is rejected so it can 
be concluded that student learning outcomes, taught by using M-GBL media, are higher than students taught by 
using traditional media. Research can provide such results because, in the medium of mobile, game based learning, 
(M-GBL) has an advantage, that is, the use of books is replaced with RAM. Mobile games can readily incorporate 
content into the handset so they can be carried easily; learning is designed for use on mobile devices. Mobile games 
can be used on any mobile phone provided that the appropriate operating system is installed; and M-GBL media 
can be learned anywhere at any time by students enabling them to obtain and explore the subject matter more 
easily. Research conducted by Hwang et. al. (2013), suggests that mobile learning media is very promising in 
improving student achievement and student interest. Jabbour (2013) concurs that the use of mobile learning has a 
positive effect on student performance. It also affects the interaction between students and teachers in the learning 
process and has the impact of learning becoming more active. Based on the research, it is considered that students 
taught by using mobile learning media can learn independently anytime and anywhere to increase their 
knowledge. Thus, in this way the use of mobile games can impact on the high student’s learning outcomes as they 
develop a deeper understanding of the subject matter. As proposed by Tømte and Olsen (2013), technology 
contributes to the increase in student learning outcomes in higher education. 

In the study with students taught by using traditional media, the subject matter was delivered, in the 
classroom, by direct instruction using PowerPoint media. The students recorded the subject matter delivered by 
the teacher, causing the students to be dependent on the teacher and less independent. Based on this explanation, 
learning using traditional media becomes less effective because it is controlled by the teacher delivering the learning 
material rather than involving the students in in-depth learning activities. 

Interaction between M-GBL Media (A) and Learning Independence (B) on student learning 
outcomes 

Based on the hypothesis test result (Table 7), obtained value of Fcount (Fc) equal to 68.34. Meanwhile, the 
Ftable value at the level of significance (α) = 0.05 of 4.10. Therefore, the value of Fcount> Ftable, then H0 is rejected 
so it can be concluded that there is an interaction effect between learning media and learning independence of 
student learning outcomes. In this case, the media learning in question is M-GBL media and traditional media. The 
existence of interaction proves that each of media learning has a different influence on student learning outcomes 

Table 7. Hypothesis Testing Results Using Two Ways Anova 

Variants 
Degree of 
Freedom 

(Db) 

The sum of 
squares 

(JK) 

Average 
Number of 

Squares 
(RJK) 

Fcount 
Ftable 

(α=0.05) Conclusion 

Between A1 and A2 1 336.40 336.40 13.20 4.10 H0 rejected 
Interaction A X B 1 1742.40 1742.40 68.34 4.10 H0 rejected 
In Group 36 917.80 25.49 -   
Total (T) 40 245624.00 - -   
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if used with a group of students having different degrees of learning independence. The results show that M-GBL 
media is more effective if used with students who have high learning independence. Meanwhile, traditional media 
is more effective if used with students who have low learning independence. The influence of interaction between 
independent variables (learning media and learning independence) to the dependent variable (learning result) can 
be seen in Figure 1. 

To improve student learning outcomes, by encouraging students to be independent learners, requires 
students who support a learning process that is fully optimized. The students’ learning independence is essential 
so that they become responsible for the learning process. Implementation of independent learner attributes is 
demonstrated in the learning process where students do not only rely on books or teacher explanations as the main 
learning resources but they also engage in a mutual learning process. Based on the description above, it can be 
concluded there is an interaction between learning media and learning independence on student learning 
outcomes. 

Differences in student learning outcomes between groups A1B1 and A2B1 

Based on the result of hypothesis testing (Table 8), the value of Qcount is 11.90. Meanwhile, the value of 
Qtable at the level of significance (α) = 0.05 of 4.33. Therefore, the value of Qcount > Qtable, then H0 is rejected so that it 
can be concluded that student learning outcomes taught by using mobile game based learning (M-GBL) are higher 
than students taught by using traditional media in groups of students who have high learning independence. The 

 
Figure 1. Graph Influence Interaction between Learning Media and Learning Independence of Student Learning 
Outcomes 
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results also show that mobile media based learning (M-GBL) is more effective than traditional media, if used with 
groups of students who have high learning independence. 

A person who is an independent learner often prefers to work alone, determine and choose how to work 
by his conscience. He attaches importance to autonomy in acting, decision making, and in the selection of activities 
in achieving goals. Learner independence is linked to the media used in the learning process by the main 
characteristics of M-GBL media that can be studied anywhere, anytime and by anyone who can help students to 
learn independently. Students who have to learn independence point out that the use of M-GBL media is more 
helpful and beneficial in acquiring the subject matter.   Liu (2014) concludes that the use of e-learning media affects 
student independence and motivation in a way that increases student academic achievement. 

Differences in student learning outcomes between groups A1B2 and A2B2 

Based on the result of hypothesis testing (Table 8), obtained the Qcount value of 4.63. Meanwhile, the value 
of Qtabel at the level of significance (α) = 0.05 of 4.33. Therefore, the value of Qcount > Qtable, then H0 is rejected so 
that it can be concluded that the results of student learning, taught by using M-GBL media, are lower than students 
taught by using traditional media in groups of students who have low learning independence. The results also 
show that traditional media are more effective than M-GBL media if used with groups of students who have low 
learning independence.  Broadbant and Poon (2015) support this claim that one-way-based learning, using mobile 
media, can improve learning independence, time management, and critical thinking that can all have a positive 
impact on student learning outcomes. 

Students who have low learning independence tends to become passive learners who follow the learning 
process as it is delivered so students who have this attitude may find it easier to master lessons than the students 
who do not have learner independence. The learning materials are structured and systematically delivered by the 
teacher. The process of learning with traditional media (PowerPoint) appears to be more advantageous for students 
who have low learner independence. Therefore, using M-GBL media with students who have low learner 
independence is not recommended due to the low motivation. 

CONCLUSION 

Based on the results of the research, it can be concluded that the test results validation by experts and the 
testing of students and teachers, M-GBL media has very good overall criteria. Thus that M-GBL media, developed 
in this research, is a feasible media to be used for learning chemistry that is practical, fun, interesting, can be used 
anywhere, and in accordance with the facilities owned by learners.  

In the process of learning chemistry, the use of M-GBL media has a positive effect in improving student 
performance, in this case, improving student learning outcomes. Students are not bound by time and space. They 
can learn not only in the classroom but they can also study outside the classroom depending on the student’s 
individual conditions. The learning material contained in M-GBL is interesting as it comes with games, animations, 
and learning videos.    

The use of M-GBL media in the learning process must pay attention to indicator of student learning 
independence. Based on the results obtained, the use of M-GBL media will have a positive effect on student learning 
outcomes, when applied to groups of students who have high learning independence. By contrast, in groups of 
students with low learning independence, student learning outcomes, taught using M-GBL media, were lower than 
those taught using traditional media. 

Table 8. Hypothesis Testing Results Using Tukey Test 
Groups Qcount Qtable Conclusion 

A1B1 & A2B1 11.90 4.33 H0 rejected 
A1B2 & A2B2 4.63 4.33 H0 rejected 
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