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Abstract 
 

The use of gamification in learning has become a new approach nowadays. This approach helps the learning process to be much more 

fun and easy to follow. Since students may have some difficulties in understanding the mathematics concepts if they learned using the 

conventional approach. This paper presents a study on a game development by using the mechanics, dynamics, aesthetic (MDA) frame-

work to study the topic of indices and logarithms. The result shows that student enjoyed the gamification approach and they are able to 

perform better on the topic of indices and logarithm.   
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1. Introduction 

Nowadays, the digital native used digital technology as their main 

sources for learning and finding the materials. In addition, it is becom-

ing a trend where students are more likely to play game online rather 

than study mathematics during their leisure time [1]. Therefore, it be-

comes a challenge for practitioners who use conventional taught for 

keeping students motivated and engaged especially in mathematics. 

Some people may have difficulties in learning mathematics [2] due 

some topic requires the student to memorize and understand concept at 

the same time. Therefore, the practitioners are acquired to provide a 

mechanism in developing learning materials, which are more interest-

ing such game in order to motivate and engaged student in learning 

mathematics [3]. It is an alternative of learning method for young learn-

ing. This exacerbates when the practitioners are unable to emphasizing 

the course based on individual understanding in a classroom distinctly 

without knowing the different level of mastery and different level of 

assistance that required by the learners [3]. Hence, education institu-

tions are encouraging the practitioners to provide gamification elements 

as part of their teaching activities [4]. The emergence of gaming tech-

nologies allows the young learners to study indices and logarithm's 

subject much more fun, easy and interesting environment [3–5]. There-

fore, the objective of this paper is to provide the effectiveness of gami-

fication in learning mathematics. 

2. Related work 

Gamification is the strategies that used in contribution to motivate 

principles and engagement on gaming concepts in learning math-

ematics [6]. The integration of gamification into learning is one of 

the techniques to motivate students learning mathematics in a 

fascinating way [4]. Consequently, the gaming environments will 

lead to a higher level of commitment and motivation for the learn-

ers to [7] involved in any activities that they participated. The 

government through the ministry of higher education has encour-

aged educators to innovate their teaching through gamification 

which part of the national blue ocean strategy (NBOS). In recent 

times, there are many researchers and developers are working on 

learning mathematics through the game environment [3-4, 8]. The 

students are unmotivated to use e-learning which results the e-

learning is not successful to achieve their goals [4]. Therefore, an 

interactive feature in e-learning is a factor in order to increase the 

motivation of students to learn mathematics in such interesting 

approaches [9-11].  

The gamification elements are based on the mechanics, dynamics 

and aesthetic (MDA) framework which able to produce the de-

sired physiological and behavior [12]. This paper presents the used 

of MDA framework in developing the game in learning mathemat-

ics, so that the end product is fun and may help the student per-

form in this topic. The elements that are implemented in this game 

are in line with the education learning objective. In the game, 

students need to achieve some specific goals with the presence of 

few obstacles while in education learning, they need to perform 

specific activities or interaction with educational content. 

3. Methodology 

3.1. Gamification framework 

The development of an effective strategy in implementing gamifi-

cation in learning mathematics is vital to achieve the learning 

outcome. Therefore, the MDA framework has been used in de-

signing the gamification for learning indices and logarithm. There 

are three elements of gamification, which are the game mechanics, 

dynamic and aesthetics as in Table 1. An online survey has been 

conducted to evaluate and identify the effectiveness of implement-

ing gamification in learning indices and logarithm. 
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Table 1: Elements of gamification 

Game Mechanics Game Dynamic Aesthetics 

Points 

Level 

Challenges 

Badges, gifts and charity 

Reward 

Status 

Achievement 

competition 

satisfaction 

pleasure 

envy 

respect 

3.2. Game development 

The earlier research [3] state that gaming approach for higher 

education failed due to artistic animation tools that is not attractive 

in the lessons. Therefore, in this paper, we designed a game envi-

ronment for learning mathematics using MDA framework. There 

are several elements that have been used in designing the game.  

3.2.1. Rewarding 

Rewarding is an important element in developing the game be-

cause it engages student literally in learning indices and logarithm. 

Reward are given as an appreciation and achievement when play-

ers (students) scored in the game. Indirectly, it gives an attraction 

to involve students in learning activities which are more fun and 

excitement. This elements contribute in developing a repetition 

behavior for students to repeat playing the game [8, 11, 14]. In this 

project, this element has been provided through points and score 

during playing games.  

3.2.2. Challenging 

As human, they are driven by accomplishment when getting 

through a challenging stage [14]. In this game, players need to go 

through few obstacles where each obstacle are indices and loga-

rithms questions. The questions have different level of difficulties 

which are easy, medium and difficult. Each level is provided with 

the points as reward for the users when involved in the gaming 

activities.  

3.2.3. Status 

In this game, it provides the element of status because most of the 

people need to be recognized, fame, prestige, attention and respect 

from others. Therefore, this project has provided the status for the 

player in this game when they accomplish for each difficulties 

level. For example, if the completing easy level the player will 

have status as beginner, medium as amateur and difficult as expert 

[2, 14].  

3.2.4. Competition 

The element allows students to compete among themselves to the 

highest level in the game activities. Then, the winner will be given 

reward. These mechanism allows the learners to challenge them-

selves to compete among players in accomplishing each level. 

This affect the learners more excitement to indices and logarithm 

in fun and interesting approaches. 

The game has been developed based on those elements in order to 

provide the interesting methodologies in learning indices and loga-

rithm to be more easy and fun. These games also provide learning 

materials through video animation to understand the conceptual 

and rules of indices and logarithm. This game has been developed 

based on gamification framework, that associate with non-game 

elements. Therefore, the game has been developed as shown on 

Figure 1-4. 

 

 
Fig. 1: The mission of this game 

 

 
Fig. 2: Game activities 

 

 
Fig. 3: Game question 

 

 
Fig. 4: Game level 

4. Results and discussion 

To ensure that the gamified approach helps students in learning, 

an online survey was done to evaluate the student’s acceptance on 

the game and a written evaluation where students were asked to 

answer few questions on indices and logarithms. 

Respondents from a group of diploma students (N = 100) was 

given a written test on the topic. These students have already 

learned the topic beforehand. Students were given an hour to an-
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swer a set of 100 marks of questions. Later, the same group of 

students was introduced to the developed game. There were given 

a week to engage with the game and indirectly, learn the topic by 

playing the game. After a week, a new set of questions but with 

the same level of difficulty as previous was given to these students 

4.1. Students feedback on gamification 

A general observation on the interface has been evaluated among the stu-

dents. The rate scores are from 1 to 4 where score 1 represents 'be-

low standard', score 2 represents 'needs improvement', score 3 

represents 'satisfactory’ and score 4 represents 'excellent'.  Follow-

ing [13], the basic observation item is text, graphic and music. 

Table 2 shows that the overall performance of the game applica-

tion was excellent by 72.14% and no respondents rate the video 

below standard for each item. The rating score for satisfactory was 

22.3% and 5.56% students believe that the game development 

needs some improvement. Respondents are also welcome to give 

any general comments that can be considered when we enhanced 

the feature and improve the game development. 

  
Table 2: Observation item 

Item Below 

Standard 

Score: 1 

Needs Im-

provement 

Score: 2 

Satisfactory 

Score: 3 

Excellent 

Score: 4 

Text 0 2.6% 12.3% 85.1% 

Colour 0 4% 15.8% 80.2% 

Music 0 3.5% 18.8% 77.7% 

Reward 

element 

0 12.8% 52% 35.2% 

Challenging 

element 

0 5% 22% 73% 

Status ele-

ment 

0 6.1% 20.1% 73.8% 

Competition 

element 

0 4.9% 15.1% 80% 

Overall per-

formance 

0 5.56% 22.3% 72.14% 

The text in the game is rated 85.1% excellent since the font size is 

large and suitable for viewing. No fancy font was used and the 

font used is readable for players. For the colour item, the score is 

higher which is 80.2% compared to satisfactory 15.8% and needs 

improvement 4%. The colour used is suitable as can be seen from 

the Figure 1-4. The game is designed so that the sound (music) 

can be switch on or off. However, the volume is standard as stu-

dents still can control the volume from their electronic devices. 

Music used in this game is energetic as to attract players and boost 

their energy. They rated 77.7% for excellent music choice, 18.8% 

for satisfactory and 3.5% needs improvement.  

The online survey also takes into consideration the four elements 

that were integrated into this game. Each element was explained 

thoroughly to the respondents, so that they are clear to evaluate the 

game based on the elements criteria. The basic criteria for a game 

development, is the rewarding elements. For each successful ac-

tion playing the game or answering the question in the game, 

players will be given scores or marks. Since maybe this element 

can also be seen in other games, respondents rated 52% as satis-

factory as the highest rate. Three level of difficulty was developed 

in this game. The level depends on the type of questions asked. In 

the easiest level, most questions asked about the concept of indi-

ces and logarithm. The second level asked on the applications of 

concept and lastly, the third level needs some analysis or calcula-

tions before answering the question. Students prefer the challeng-

ing element as this element guide them by step. The level also 

builds up their confidence once passed a level and this motivates 

them to move to the next level which is more challenging. Re-

spondents rated 73% excellent, 22% satisfactory and 5% needs 

improvement.  

The status element was rated highest as excellent by 73.8%, satis-

factory by 20.1% and needs improvement by 6.1%. It is logical as 

students in the teenage age prefer something that gives them 

recognition and attention from others. The last element that was 

evaluated is the competition element. Most students enjoy this 

element compared to other elements since students like to chal-

lenge themselves and compare their achievement with others. 

Most students enjoy this element compared to other elements 

since students like to challenge themselves and compare their 

achievement with others 

4.2. Effectiveness of gamification 

A different new set of questions but with the same level of diffi-

culty as previous was given to the same group of students. The 

results have obtained from the test is shown in Table 3. 

 
Table 3: Test results 

 Pre-test Post-test 

Marks 1-49 50-79 80-

100 

1-49 50-79 80-

100 

Indices 35% 45% 20% 9% 25% 66% 

Logarithm 21% 62% 17% 5% 20% 75% 

Combination 

of indices and 

logarithms 

40% 31% 29% 13% 37% 50% 

 

The result shows that students obtained better results in both top-

ics. For example, in indices topic, students that score between 1-

49 decreased from 35% to 9%. In other words, the failure rate for 

this topic becomes lower. The average score 50-79 is decreased 

from 45% to 25% and the excellent score 80-100 increased from 

20% to 66%. In logarithms, the results are better compare to indi-

ces where the excellent score 80-100 increased from 17% to 75%. 

Similar results were shown in questions that combine both indices 

and logarithm properties, where the students’ performance in-

creases from 29% to 50%. This indicates that students did learn 

through the game and they did improve their understanding of the 

topics. 

5. Conclusion  

Gamification is an alternative approach in learning mathematics. 

The features in the game such as rewarding, challenging, status 

and competitions had given a mechanism to develop a good game 

and hence build the interest to learn in an interesting and fun way. 

The study shows that game education provides significant impact 

in improving students’ performance of indices and logarithm top-

ics. The students accept and engage well with the new way of 

learning technique. Therefore, in future, elements of the game 

applications will be continuously improvised by inserting other 

cognitive elements that suit with student level of understanding.  
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