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ABSTRACT 

 

Nowadays, many games are made for educational or learning purposes. However, the unresolved challenge 

remains, and the perfect balance between the fun and learning aspects remains. This paper represents an effort 

toward such a challenge by way of game difficulty dynamization implementation in a game to improve 

preschoolers reading skills using Dynamic Difficulty Adjustment dan Procedural Content Generation. To measure 

the balance of fun and learning aspects in the game, experiments were conducted involving 32 preschoolers. The 

proposed game can generate 10.962 game content in various difficulties and balance the fun and learning aspects 

according to the enjoyment factor's average value. Students could enjoy the game while significantly gaining an 

increase in the average reading skill, based on the t-test value and NGain value of 0.551.  
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INTRODUCTION 

 

Reading means seeing and understanding 

the contents of what is written, spelling, or 

reciting what is written or pronounced [1]. The 

ability to read is a basic ability that someone 

needs for the need to communicate and interact. 

However, the Indonesian statistics department 

(BPS) explains that in Indonesia up to 2018, 

around 2.07% of the Indonesian population is 

still illiterate with an age range of 15-59 years 

[2]. On the other hand, smartphone users are 

increasing. Based on data from E-Marketers and 

Hootsuite, smartphone users in Indonesia up to 

2018 have reached around 170 million [3], [4]. 

As smartphone usage increases, the number of 

mobile gamers also increases. Based on a survey 

conducted by the Decision Lab and Mobile 

Marketing Association it is known that the 

number of mobile gamers in Indonesia in 2018 

reached 60 million [5]. The survey also said that 

25% of the activity on smartphones is playing 

games for around 53 minutes [5]. 72% of the 

3917 children aged 3-8 years are mobile gamers 

with an average duration of playing more than 60 

minutes each day [6]. Based on these data, games 

can be used as a medium to improve reading 

skills. However, according to Go-Globe and 

WePC, the education game genre is less 

desirable and only has a popularity percentage of 

8.89% [7], [8]. Therefore, a method to make the 

game more interesting is needed. 

Games made for educational or learning 

purposes are serious games. According to 

Michael and Chen, serious games can be 

interpreted as games with an element of learning 

so that the details of games such as entertainment 

and pleasure are no longer the main focus [9]. In 

previous research, Rambli [10] and Ferrer [11] 

implemented Augmented Reality in a severe 

game to word learning. However, the game 

aspect is not balanced with the learning aspect. 

Therefore, Ferrer stated that balancing the game 

and learning aspects is necessary [11]. 

Procedural Content Generation (PCG) was 

implemented in previous research by Hoosyar 

[12] and Ar-Rosyid [13] to balance the learning 

aspect and game aspect. However, in the study 

conducted by Hoosyar [12], PCG did not include 

the game aspect. On the other hand, the previous 

work by Ar-Rosyid [13] cannot adjust the 

learning content difficulty to player skill. 

To adjust the learning content difficulty, 

Dynamic Difficulty Adjustment (DDA) was 
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implemented by Jennings and Baldwin [14], 

[15]. The application of DDA allows the game to 

adjust the difficulty level automatically. DDA 

can also keep learners within the Zone of 

Proximal Development (ZPD) limits. According 

to Vygotsky, ZPD can make students learn better 

[16]. 

The main contribution of the work 

presented in this paper is summarized as follows: 

(a) a PCG for balancing the learning aspect and 

game aspect is proposed; (b) from the proposed 

PCG, a matrix for reading skills was developed; 

(c) under the proposed PCG, DDA,  and reading 

skill matrix, a serious game, ABC Adventure 

was developed, and the game has been tested 

with the human player via user survey and 

statistical analysis. 

 

METHODS 

 

In this research, Design Research 

Methodology (DRM)  [17] was adapted as 

research methodology and illustrated in figure 1. 

 
Figure 1. DRM [17] 

Based on figure 1, a literature analysis was 

conducted from the first step. The next step is 

determining the research goal and setting the 

research plan. In the second step, a literature 

review was developed to map the literature 

study, as seen in figure 6. In the third step, the 

game prototype was designed and implemented. 

The game design was adapting the methods used 

in previous research conducted by Hoosyar [12], 

Ar-Rosyid [13], and Lach [18]. The game design 

in this research shown in figure 2. 

 

Figure 2. Game Design 

After designing the game, the next step 

was implementing the design into the game. The 

mobile platform was chosen for the game 

because the number of mobile gamers is 

increasing [5], [6]. On the mobile platform, the 

educational genre is still far below other genres 

in terms of popularity [7], [8]. Therefore this is a 

good opportunity to attract the player’s interest 

in playing learning games. The game was made 

in Virtual Reality (VR), as shown in figure 3, 

because based on a survey conducted by the 

Department of American Education [19], 

educational game in VR is needed. 

 

Figure 3. Game Architecture 

In the last step, the student’s reaction 

according to the game playing and its learning 

outcome were evaluated. The four-level 

evaluation method proposed by Kirkpatrick [20] 

as shown in figure 4 below, was adapted for the 

evaluation method. 

This research evaluated the balance 

between the learning aspect and game aspect by 

player reaction and learning outcome. Therefore, 

only two levels of evaluation: Reaction and 

Learning, were adopted. 
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Figure 4. Four Level Evaluation [20] 

 

In this research, game enjoyment was 

measured as the player’s reaction. To measure 

player enjoyment EGameFlow method [21] was 

adopted. From that method, there are eight 

enjoyment factors: (1) Concentration; the game 

must provide an activity that encourages the 

player’s concentration while minimizing stress 

from learning; (2) Goal Clarity, a task in the 

game should be clearly explained at the 

beginning; (3) Feedback, feedback allows the 

player to determine the gap between the current 

states of knowledge; (4) Challenge, the game 

should offer challenges that fit player skills; (5) 

Autonomy, the learner should enjoy taking the 

initiative in game playing; (6) Immersion, the 

game should lead the player into a state of 

immersion; (7) Social Interaction, a task in the 

game should become a means for the player to 

interact socially; (8) Knowledge Improvement, 

the game should increase the player’s level of 

knowledge. These eight factors were measured 

by Likert [22] scale questionnaire from scales 1 

to 5, filled with the students. 

To measure learning outcomes, the 

student score from game tasks was used. The 

student score was measured by t-test [23], and 

the effectivity of the game was evaluated by 

calculating the N-Gain  Score [24]. 

A. Balancing Learning Aspect and Game Aspect 

in Serious Game 

A well-designed serious game can 

connect the learning and game aspects [25]. It 

has a serious aspect of learning but still 

enjoyable to play. Therefore, the goals of serious 

games are how to connect or balance the two 

aspects, the learning aspect and the game aspect 

[26]. 

A Procedural Content Generation (PCG) 

Method was adopted to balance the two aspects. 

PCG is a method or process to generate game 

content such as terrain, level, map, story, 

dialogue, task, character, dynamic texture, and 

weapons based on the specified parameter [27]. 

There are three common methods in PCG: 

constructive, simple generate-and-test, and 

search based, as illustrated in figure 5. 

 
Figure 5. PCG Methods [27] 

 

Based on Hendrikx [28], several common 

strategies are used to deploy content in a game. 

The first and most commonly used method is 

using a Pseudo-Random Number Generator. 

Furthermore, Lameras [29] stated a connection 

between learning attributes and game attributes. 

One of the learning attributes needed in a serious 

game is Information Transmission. The 

Information Transmission attribute is connected 

to the Challenge Repetition in-game attribute, 

and the result is remembering. Therefore, to 

make the student remember the learning 

materials, Challenge Repetition is necessary for 

our game. 

Hoosyar [12] and Ar-Rosyid [13] 

conducted research related to balancing the 

learning aspect and game aspect. The method by 

Hoosyar generates learning content based on the 

learning domain, learning goals, and player skill 

assumption. A genetic algorithm is used to 

determine good or bad materials. However, 

Hoosyar [12] did not include the game aspect of 



87 ELINVO (Electronics, Informatics, and Vocational Education), Mei 2022; Vol 7 (1):84-91 

 

 

 

 

this method. On the other hand, Ar-Rosyid [13] 

add the game aspect to their PCG method. Based 

on the method proposed by Ar-Rosyid [13], PCG 

consists of two parts: the learning aspect and the 

game aspect. However, game content generated 

by this method cannot adapt to player skill. 

B. Difficulty Adjustment in Serious Game 

The two most common ways to 

automatically adjust the difficulty in the game 

are using the Genetic Algorithm (GA), and 

Dynamic Difficulty Adjustment (DDA) 

approaches. GA offers the potential solution by 

recombining the data structure [30] and 

implementing it in varied combinatorial 

optimization problems [31]. Meanwhile, the 

DDA approach is a mechanism that will make 

the game automatically change in a certain way 

to better suit the players’ skill [14] in real-time 

play [15]. This method aims to give the player 

better experiments and challenges [32] and 

maintain the balance in the game [33]. 

The latest DDA was proposed by Lach 

[18] by generating game content similar to 

player characteristics e.g., life, health point, 

ammo, time, etc. According to this method, the 

game mechanism will generate game content 

based on player performance. For example, if the 

player has a low health point, then the player will 

get an extra life point if he can complete the task. 

C. Reading Skill Methods 

The most common method in reading skills is 

the Glenn Doman method [34]. According to this 

method, teaching the alphabet is not necessary 

for developing reading skills. However, reading 

skills can start with simple words. There are five 

steps in these methods. The first is to start with 

simple words. The kids will learn simple words 

from daily objects or environments in this step. 

The next step is combining two words. The kids 

will learn a combination of the simple words 

from step one. In the third step, the kids will 

learn a simple sentence from a combination of 

the previous steps. In the fourth step, the kids 

will learn the meaning of the sentence, and in the 

last step, the kids will start to read from the 

books. 

The more systematic method for reading 

skills is ALBA, proposed by Rasto [35]. In these 

methods, there are two major steps. The first step 

is TLT, Tunjuk (pointing), Lafalkan 

(pronouncing), and Tirukan (imitate). The 

second step is BMD, Baca (read), Mandiri 

(autonomous), and Dampingi (accompany). In 

the TLT step, the kids will learn about the non-

capital alphabet from a to z and simple syllables 

such as ba, bi, bu. After the kids can remember 

the alphabet and syllables, he can continue to the 

BMD step. In BMD, the kids will learn simple 

words such as i-bu or u-da, and then simple 

words like cu-cu. In the final exercise, the kids 

will learn sentences 

D. Literature Map 

A literature map has been developed from 

the related works discussed before for mapping 

the related works used in this research. Figure 6 

below shows the literature map. 

Figure 6. Literature Map 

 

RESULT AND DISCUSSION 

 

From reading skill methods [34], [35] 

discussed in the previous section, a matrix for 

reading skill learning, from alphabets to sentence 

and paragraph reading systematically, shown in 

Table 1, has been developed. 
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Table 1. Reading Skill Matrix 

Lv Learning Material Difficulties 

0 Non-capital alphabet a-z Easy 

1 Syllables Easy 

2 Simple words Easy 

3 Combination of letters and 

Syllables 

Easy, 

Medium, Hard 

4 Simple Sentences consist 

of simple words 
Hard 

5 Complex Sentences Hard 

6 Paragraph or books Hard 

7 Identifying missing letters 

from words 
Medium 

8 Identify object name by 

images 
Hard 

9 Capital letters Easy 

 

The matrix has the 9-level reading skills, 

and the difficulty was determined based on the 

curriculum and learning syllabus. In this 

research, level 0-3 was employed. A 

constructive method from PCG has been utilized 

to construct the game content. The rules for 

constructing the game content are as follows: (1) 

26 letters from the alphabet a-z for level 0 were 

used; (2) For levels 1-3, 5 vocal letters a, i, u, e, 

o and 18 consonant letters excluding v, x, q was 

used; (3) Combine the consonant letters from b 

until z to a, i, u, e, o that is the result are syllables 

ba, bi, bu, be, bo, until zo; (4) Utilizing the same 

methods, combine the syllables to generate 

simple words; (5) Determine the difficulty of the 

learning materials into easy, medium, or hard 

based on curriculum and learning syllabus; (6) 

Coin collection genre was chosen because the 

genre fits the learning strategy. 

Based on the rules, the maximal number of 

game content generated in this game was 

identified. Figure 7 illustrates the total generated 

game content. 

 
Figure 7. Total Game Content 

From figure 7 there is 10.962 game content 

that can be generated in this serious game, 

consisting of 607 content easy, 8550 content 

medium, and 1805 content hard. However, in 

this research, only 390 game content was used.   

There are several rules to deploy the game 

content and adjust the game’s difficulty. The 

rules are: (1) Created a content set; consist of 4 

content, easy and medium; (2) The first content 

is easy; (3) The following contents are pseudo-

randomly generated, according to easy content 

can be generated three times at maximal, 

medium content can be generated two times at 

maximal; (4) Add life point in the game to add 

more challenge to the player. The life points start 

at five if the player completes the task, the life 

points plus 1 until maximal 6. If the player fails 

the task, the life points decrease by 1, and the 

game is over if life points equal 0. 

The serious game developed in this 

research is called ABC Adventure (figure 8). 

ABC Adventure consists of four stages, from 

stage 0 to stage 3 (figure 3). In this game, the 

player will be given letters or syllables as a task. 

To complete the task, the player has to look for 

the constituent letters based on the shown task in 

the game environment. 

 

Figure 8. ABC Adventure 

 

In figure 8, it is shown that the task is 

syllable ba. To complete the task, the player has 

to look around the letters b and a and choose the 

correct order. If the player completes the task 

correctly, they will get a score of 10 per task. 

This score will be evaluated to measure the 

learning outcome. A black box test has tested 

game functionality. The result of the black box 

test is shown in Table 2. 
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Table 2. Black Box Test Result 

No Page Scenario Result 

1 Start Screen Entering Start 

Screen 

OK 

2 Game Over 

Screen 

Entering Game 

Over Screen 

OK 

3 Stage 0 Entering Stage 0 OK 

4 Stage 1 Entering Stage 1 OK 

5 Stage 2 Entering Stage 2 OK 

6 Stage 3 Entering Stage 3 OK 

7 Content 

Generation 

In-game testing OK 

8 Difficulty 

Dinamization 

In-game testing OK 

 

An experiment with 32 preschool students 

has been conducted. Each student plays the game 

for around 10 minutes at five days. After the 

students play the game, we interview the student 

to measure the game’s enjoyment. Our game is a 

single-player game, so the social interaction 

factor.was not included. Several statistical test 

conducted to the questionnaire: validity test [36], 

reliability test [37], data transform [38], and 

ANOVA test [39], [40]. From the test result, the 

autonomy factor was not valid, so it was not 

included in the next test. A reliability test 

showed that all questions were reliable. After 

transforming data, an ANOVA test was 

conducted, and the result was positive, as shown 

in Table 3. 

Table 3. ANOVA Test Result 

No. Enjoyment Factor Mean 

1 Concentration 3.25 

2 Goal Clarity 2.65 

3 Feedback 2.44 

4 Challenge 3.16 

5 Immersion 3.25 

6 Knowledge Improvement 2.84 

 

From table 3, On scale 5, 3 factors get a 

mean score greater than 3.0. The factors were 

concentration, challenge, and immersion. From 

this score, it can be concluded that games can 

make users more concentrated, feel challenged, 

enjoy the game, and improve knowledge. The 

means score was a similar base from between 

groups sig. value 0.193>0.05. 

To evaluate learning outcomes, several 

statistical tests, including normality test, 

homogeneity test [41], paired t-test [23], and N-

Gain test [24], were conducted. The normality 

test showed that the data were normally 

distributed with sig. value 0.186. The 

homogeneity test also showed that the data were 

homogenous with sig. value 0.414. From paired 

t-test, the first experiment’s mean score was 

47.94, and from the last experiment, the mean 

score was 82.85, as shown in Table 4.  

Table 4. Paired t-Test Result 

Paired Samples Statistics 

 Mean N Std. 

Deviatio

n 

Std. 

Error 

mean 

First Experiment 47.94 32 14.90323 2.634 

Last Experiment 85.66 32 17.29630 3.057 

 

Paired Samples Correlation 

 N Correlati

on 

Sig. 

First and Last Experiment 32 0.731 0.000 

 

 

Paired Samples Test 

t df Sig. (2-tailed) 

-16.446 31 0.000 

 

Pair Differences 

Mean Std. 

Deviatio

n 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

   Lower Upper 

-34.909 12.0078 2.12270 -39.238 -30.579 

 

The mean score shows significant 

differences in learning outcomes after more 

learning using a serious game. This result also 

was shown by sig. value 0.000 < 0.005. Based on 

the N-Gain test, the serious game was medium 

effective in improving reading skills. The N-

Gain mean score was 0.551 from maximal scale 

1 (scores 0.3-0.7 are medium effective). The 

game did not get good score effectiveness 

because there were several obstacles while 

experimenting such as the time range from 

experiment 1 to the last experiment being too 

short. To get a good result, the experiment has to 

conduct for several months. The other thing was 

the student result in completing the task was not 
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so different. Many students only scored 10-40 

points from experiment 1 to the last. 

 

CONCLUSION 

 

A serious game based on procedural content 

generation for preschooler reading skills was 

successfully developed.  It gives a new 

experience to the player by providing varied 

game content and challenge. According to the 

player’s reaction in the ANOVA result and the 

player’s learning outcome in the t-Test result, the 

serious game developed in this research can 

connect and balance the two aspects needed in 

the educational game: the learning aspect and 

game aspect. 

Several suggestions can be made in future 

research: (1) Utilizing a database to store PCG-

generated game content; (2) Add other game 

elements such as clues and different terrains; (3) 

Game developers must concern about game 

aspects such as instruction, playtime, and game 

genre to give a better experience in learning and 

playing; (4) Implementing voice recognition and 

motion tracking will be helpful in a serious game 

for reading skills. 
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