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Abstrak 

Penelitian ini bertujuan untuk membandingkan efek pembelajaran dengan metode problem-solving 
berbasis permainan dan buku terhadap hasil belajar siswa. Seratus tiga belas siswa kelas 8 dari 
beberapa sekolah di Yogyakarta dipilih menggunakan metode convenience sampling. Penelitian ini 
merupakan penelitian kuasi eksperimen desain pretest-posttest control-group design. Data 
diperoleh melalui hasil pre-test, post-test, dan angket. Data penelitian dianalisis dengan Anova dan 
hasilnya menunjukkan bahwa siswa yang menggunakan game-based learning mendapatkan hasil 
belajar yang lebih baik dibandingkan dengan siswa yang hanya menggunakan buku pelajaran saat 
metode problem-solving diterapkan di kelas. Selain itu, hasil angket memperlihatkan bahwa siswa 
lebih memilih game-based learning sebagai fasilitas mereka dalam belajar, dikarenakan mereka 
dapat memahami materi dengan lebih mudah dan menyenangkan. 

Kata Kunci: pembelajaran berbasis permainan, pemecahan masalah, penelitian kuasi eksperimen 
 
 

Abstract 
This study compared the effects of game-based learning and textbook on students achievement. A 
problem solving method was employed in learning processes in the classroom. One hundred and 
thirteen students of grade eight from three junior high schools in the Province of Yogyakarta, who 
were selected using convenience sampling, participated in this study. The study employed a quasi 
experiment with a pretest-posttest control-group design. The data were collected through a pre-
test, post-test, and questionnaire. The data were analysed using ANOVA, indicating that the 
students who were exposed to the game-based learning within problem solving approach 
significantly outperformed their counterparts who were exposed on the basis of textbook within 
problem solving. The data from questionnaire revealed that the students preferred game-based 
learning because they could understand the materials with enjoyable and easily. 
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INTRODUCTION 
The rapid development of technology has an influence on education area. Some of the 

new technologies emerged in the recent years have been used in education. One of the 
examples is mobile learning which allows students learn everywhere and every time using 
mobile devices such as smartphones and netbooks (Dabbagh et al., 2016). There were some 
controversial issues from the teachers regarding the use of mobile technologies such as 
smartphones and netbooks as the learning instruments in the school. On the other words, 
some of the teachers did not agree with the use of smartphone in the classroom, while the 
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other looked that there were some potential advantages of it (Mohammad, Fayyoumi, & 
AlShathry, 2015; Sulisworo, 2013). 

The mobile learning started to be famous gradually due to the increasing of mobile 
devices existence and wireless availability. Nowadays, mobile devices provide some 
facilities such as music, video, game, and other applications that became tangible asset for 
mathematics educators and developers to create the instructional media. Game is one of the 
forms of instructional media. The learning process that employed game application in the 
classroom is called game-based learning (Jin, Tu, Kim, Heffron, & White, 2018). The 
integration of game and learning content aimed to create the learning circumstance that 
was interesting without ignoring the materials that must be learned by the students. Since 
this learning approach gave the positive effects for the leaning outcome (e.g., Balakrishnan, 
Liew, & Pourgholaminejad, 2015; Prahmana, Zulkardi, & hartono, 2012), it would make 
sense that the game application could be used as one of the learning facilities. A previous 
study revealed that children who were about 11 to 14 years old spent their time by playing 
game in the mobile device (Rideout, Foehr, & Roberts, 2010).  

The educational game should be designed with various activities to create the 
interesting game experiences (Huang, Hew, & Lo, 2018). Furthermore, the game 
characteristics could include the fantasy elements (Lepper & Cordova, 1992), challenging 
activities (Rouse, 2005), rules (Alessi & Trollip, 2001), choices (Hannafin & Peck, 1988), 
competition and goals (Waddell & Peng, 2014). For learning designers, these characteristics 
could be used in different ways because each characteristic served some opportunities to 
facilitate the learning activities. This advantage of game could be combined with certain 
learning method so that the learning activities can be directed, focus and meaningful. 

The use of appropriate method would also determine the effectiveness and efficiency 
of the learning (Schrittesser, Gerhartz-Reiter, & Paseka, 2014). Moreover, in mathematics 
learning, the learning methods could help students understand the materials easily (Lee, Li, 
& Shahrill, 2018) in which the final purpose was to increase the students’ learning 
achievement (Ali, Hukamdad, Akhter, & Khan, 2010).  

One of the main objectives in mathematics learning is developing students’ skills 
particularly mathematical skills that were used in the daily life (Graumann, 2011; Muller & 
Burkhardt, 2007; Niss, Blum, & Galbraith, 2007). The effectiveness of implementation of 
mathematics in the daily life not only considers by doing mathematics operation but it also 
relates to how students use mathematical concepts in solving daily life problems. Therefore, 
giving contextual problems in the classroom would be very meaningful for students. Indeed, 
it has been recommended that mathematics should be learned by using a problem-solving 
method which is identically means using daily life contexts in the teaching and learning 
process (Ohlsson, 2012).  

Considering the importance of problem solving in learning mathematics, there was 
rarely found the educational game that facilitated this method. Consequently, the students 
only used the general traditional instruction that was text-book as the media of the 
problem-solving learning (Fan, Zhu, & Miao, 2013). Therefore, this research aimed to 
determine the effect of game which developed based on problem-solving learning method 
on students’ learning achievement a game. 

Many research studies argue that applying interesting learning approach gave 
positive effects in learning mathematics (Abdulwahed, Jaworski, & Crawford, 2012). Thus, it 
can be hypothesised that the group that used game-based learning got a better result than 
the group that used text-book oriented in problem-solving learning. The results of this study 
could be used as a reference for the mathematics teachers to design effective lessons in the 
classroom. 
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RESEARCH METHOD 
Participants 

One hundred and thirteen students of grade eight (M = 13.8; SD = 0,4 year) from three 
junior high schools in the Province of Yogyakarta participated in this study. Yogyakarta was 
selected because most mathematics teachers at secondary school have a positive perception 
toward technology integration in the classroom (Setyaningrum, 2016) so this would be 
beneficial to support and conduct this study. The participants were selected using 
convenience sampling. 

The participant schools implement the Indonesian national curriculum, and the 
students recently learned the geometry plane as the prior knowledge to teach solid 
geometry in this study. The national curriculum of Indonesia requests teachers to use 
student-centered learning methods through group discussions rather than teacher-centered 
mehods (Kemendikbud, 2013). Along with the national curriculum, the Indonesian 
government published a textbook for teachers and students. The participating schools 
indicated that the students learn in small groups with varied learning methods in all 
subjects and students accustomed to follow instructions developed based on textbooks.  

 
Treatment 

To prove the research hypothesis, the study carried out a field experiment with a 
pretest-posttest control-group design. In the experiment class, students learn mathematics 
using game through a problem-solving method (PS+GBL). Meanwhile, students of the control 
group learn mathematics using textbook through a problem-solving method (PS+TB). Each 
condition was identical in terms of the subject to be learned (i.e. solid geometry), problem 
solving steps, and number of hours mathematics was taught. The field experiment was 
conducted for about three months (around three and a half hours per week). 

The problem solving procedures were used based on developed by Polya (see Polya, 
1987). Students were taught to identify the problem in a general form (stage 1), devising a 
plan about how to solve the problem (stage 2), and apply the plan gained in solving problem 
(stage 3). Each step was practiced through small group discussion. As problem solving 
method can have positive effects on small group activities (Greiff, Holt, & Funke, 2013).  

The PS+GBL condition, students played an educational game called “GeoGame 
Adventure”. This game was a genre of 2D side scroller in which the player could move 
to the left or right side to go to the finish line. This game consisted of several levels. 
Each level following the procedure developed based on the problem solving method. 
The game can be played through laptops or smartphones that they usually bring to 
school. Some displays of play room on “GeoGame Adventure” can be seen in Figure 1. 

 

 

Figure 1. Play Room Display on GeoGame Adventure 
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While, the PS+TB condition, students followed instructions developed based on 
textbooks that they regularly use. Each student read the problem presented in the book. 
Each group turn devising a plan, tried to solve it and explain their reasons. When none of 
the group members knew how to solve the problem, they asked the teacher for help. 
 
Data Collection 

The data of this study were gathered through: tests and survey questionnaire. 
The pre- and post- test was conducted for about 100 minutes each.  

The pretest was used to assess prior knowledge by giving questions on 
prerequisite subject (i.e. Plane Geometry) and some questions were about solid 
geometry. The posttest was intended to evaluate students’ comprehension. There 
were 25 questions consisting of numerical and applied problems in geometry. 
Numerical was indicated by questions about calculating surface areas and volumns. 
Whereas  the other questions, applied problem, was indicated by questions about 
problems different from during treatment. The problems had more complex, required 
more four step to gain the solution. For each test, students received scores ranged 
from 0 (no response or incorrect answer) to 4 (full correct answer), and scoring was 
carried out by the first author. Kuder Richardson reliability coefficients were 0.79 and 
0.81 for the pretest and pretest respectively.  

The questionnaire was conducted only for the PS+GBL condition. A 15-minute 
paper questionnaire in this phase was used to obtain student’s opinion about game-
based learning. To obtain information about students’ preferences, one example of the 
questions is: “During learning, do you prefer to have textbook provided or game-based 
learning provided by only being given problems to solve?”. For these questions, the 
teacher informed the students that they must choose their answer from the options 
provided and write an argument for their choice. 

 
RESULTS AND DISCUSSION  

The effect of game on students learning achievement can be seen from the 
learning outcome differences between those who learned mathematics through 
game and those who used textbook. The data from post-test were analyzed using 
Analysis of Variance (ANOVA) to determine the students learning achievement 
differences between the students of the experiment and control groups. Tabel 1 
presents the mean scores and estimated effect size in both conditions. Regarding 
the pretest, there was no significant differences between the experiment and 
control groups on prior knowledge (F(1,109) = 2.48, p > 0.05). These results 
showed that the initial conditions of both groups for prior knowledge are the same. 
At the end of study, the main effect of the tratment was significant (F(1,87) = 4.77, 
p < 0.05). These results were due to a larger difference (12.26) between PS+TB and 
PS+GBL under the posttest. As can be seen from Tabel 1, the students who studied 
with GBL had a higher mean than those who studied by basis of the textbook in 
problem-solving class of mathematics. 

 
Table 1. Group means (and standard deviations) for pretest-posttest Test Phase and 

corresponding estimated effect sizes in both condition 

Group 
Pretest 
M(SD) 

Posttest 
M(SD) 

Effect Size 

PS+TB 74.08 (17.92) 79.61 (21.02) 0.42 
PS+GBL 74.16 (16.75) 91.87 (11.63) 1.13 
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Moreover, superiority of GBL was also seen from the results of the effects sizes 
for the treatment. It is notable that for the treatment, the effect of the PS+GBL had a 
higher score than those of the PS+TB. The possible reason for the higher effect size 
in this study related to the learning environment students got from learning 
through game. The students who learned certain material using game with pleasant 
learning climate were much more intensive, and hence more effective than those 
who relied on a textbook. The results show that, the students who were exposed to 
the game-based learning significantly outperformed their counterparts who were 
exposed on the basis of textbook in problem-solving.  

It becomes interesting to see information about students’ preferences between 
game-based learning with their usual learning (basis of the textbook). The data from 
the questionnaire indicated a strong preference for game-based learning (90.26%). 
The main argument given (89.42%) for preferring game-based learning was that 
‘game-based learning can visualize geometry material which is dominated by images 
and animations’. This is the advantage of media-based technologies, including games, 
can stimulate reality and help illustrate the things that are abstract (Starcic & 
Cankarjeva, 2010). The other arguments found were: (1) Game-based learning helped 
the students to know how to solve the context problem accurately (8.11%), and (2) 
the students felt challenged and wanted to complete each level within media (2.47%). 
The students’ desire to increase their knowledge to the next level indirectly implied 
that they were also interested to learn the materials and wanted to know the next 
materials. The curious feeling made the students to be more paying attention on doing 
everything, and they were more concrentrate and had more enthusiasm, and they 
were not easily bored to study and understand something (Gruber, Gelman, & 
Ranganath, 2014). It became the possible factors that were emphasized on the game-
based learning for the students to get higher achievement in the test phase. 

Through the students’ opinion, it indicated that media technology facilitated them to 
learn. By using game-based learning, their learning achievement was higher than using 
text-book that they regularly used. This result echoes the previous research (Prahmana, 
Zulkardi, & hartono, 2012; Shabalina, Mozelius, Malliarakis, & Tomos, 2015), that 
indicated games had some advantages for the learning environment. One of them was the 
integration of the entertainment that contained in game. It aimed to create the interesting 
learning circumstance without taking apart the materials learned by the students (Barzilai 
& Blau, 2014). This study shows that the students not only interested in learning 
mathematics through game but also got a good mathematical comprehension.  

Nevertheless, 9,74% of the PS+TB group preferred to learn by using basic 
textbook. They argued that they were not familiar to learn using smartphones. 
Learning through smartphones was a new learning environment for them since they 
usually used textbook in teaching and learning process. The students needed time to 
adapt with the new condition of learning process (Su, Tseng, Lin, & Chen, 2011). This 
implies that the students need to be familiar with the use of smartphones and other 
technologies in their learning process. Students should get used to the utilization of 
technology in mathematics learning because it is required in both the national 
curriculum and international (Permendikbud, 2016; NCTM, 2015). 

The questionnaire results showed that students preferred to choose GBL rather 
than textbook because the students could easily understand the materials learnt 
through game that presented step by step coherently. It indicated that material 
arrangement was important. Therefore, the educational game developers have to pay 
more attention on it. For example, the program of GeoGame Adventure that was 
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designed by implementing the steps of problem solving in which the use of 2D side-
scroller genre that could easily and chronologically go from stage 1 to stage 3 (see 
Figure 1). The problem-solving step in this game was, for example in evaluation step 
(stage 3), the students answered some problems from the materials that already 
learned in stage 2.  If the students made “mistakes” in solving the problem, they would 
lose their character’s life in game. When they did not have any life, it meant that they 
could not apply the concept yet. In the other words, the students need to re-examine 
the material that was indicated by the character that came back into materials’ content 
in stage 2. This step was done since re-examining the materials was the important role 
to strengthen their understanding about the concept (Fuson, Kalchman, & Bransford, 
2005). Other features utilized the potential technology and the materials’ presentation 
(for stage 2) that were dominated by animations and pictures. A combination between 
the animations, pictures and colors in the media gave the strong effect toward the 
students’ interest on learning (Ainley, 2010), so it increased their interesting to learn 
and influenced the quality of their learning outcome (Muelas & Navarro, 2015). In this 
study, these features are very important and affect students’ interest and achievement.  
 
CONCLUSION  

The research results showed that the implementation of game-based learning by 
using problem–solving approach (GeoGame Adventure) gave the better learning 
outcome than that from traditional instruction that was oriented on the textbook. 
Moreover, the hypothesis in this research that game-based learning could give a 
beneficial aspect for problem-solving in mathematics class was confirmed. Through 
this research, it provided evidence that the use of smartphones or games could 
support and increase the mathematics learning outcome. Therefore, it hoped that the 
learning developers and mathematics educators could make and/or develop the 
materials by involving the technology in the teaching and learning process or using 
educational games so that it would give different a learning environment for students. 

However, there are several limitations that should be acknowledged. First, the game 

used in this study was developed using a problem-solving approach. Thus, the results may 

differ from games with other learning approaches. Another issue that should be addressed 

was related to the participants who were already familiar with smartphones. So, the results 

may also vary for those who are not familiar with smartphones. The game used in this study 

only presented geometry materials. Further study should consider another learning 

approach; broaden the participants, and different materials such as algebra or statistics 

which have different characteristics from geometry. 
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