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This study reviews techniques and algorithm models often used in the analysis 
of educational data mining. The review in this study is based on previous 
studies to provide researchers knowledge about trends and challenges 
analysis educational data mining in game design meaningful. However, there 
is a lot of games design developed without analysis educational data mining 
which then will not answer the student problem. The analysis needed periodic 
data and developing the game required actual student conditions, this is a 
combination inseparable. Determine research questions, search terms, and 
filtering for the selection and analysis of the article review. There are some 
student problems on analysis review, namely prediction student performance, 
student behavior, student at-riks, and student dropout. The number of Articles 
in the study was 33 with 21 articles of research and 12 of article review. The 
number of studies 8 with percent 38% used techniques confusion matric with 
33% percent used algorithms Decision Tree in 7 of studies. The section in this 
study consists of techniques evaluation, model selection, outcome, subject, 
and algorithm method. Which are recommended techniques and algorithms for 
analysis educational data mining and in ideal game design to further research. 

 
1. Introduction 

Game design is a major concern in its development, a good game will depend on its design. But the best design 
of a game has not been able to increase interest of students who do not like learning with the media of gaming. This 
causes problems for researchers of game development that will not meet improvements, because the comparison of 
effort to developed a game and the user of the game has not had a big effect. For this reason, in this study, there is an 
idea to solve the problem by combining the field of data mining analysis in designing games. The ideas are based on 
an analysis of trends and challenges in previous researchers using statistical data analysis techniques, then the results 
can be proven. 

Analysis data mining is finding patterns in data with the prediction and classification to provide information [1]. 
According to Iswarya, educational data mining (EDM) is new learning from the data mining and knowledge discovery 
databases (KDD) field that focuses on the usage patterns of mining and the use of learning knowledge from the 
education information systems, such as admissions systems, registration systems, course management systems, and 
other additional systems. Some of the results of analysis educational data mining from the system, that which educators 
take for the understanding problem of student, for improving acceptance standard by educational institutions, and taking 
of major of the student. However, the analysis will not answer the student problem of misconceptions, motivation, 
improved skills, and knowledge without further research such as developing tools learning, namely e-learning, games, 
e-books, system, and others. The analysis educational data mining needs periodic data from tools learning and system 
for meaningful analysis, and there are many techniques and algorithms used in the analysis [2]. The right of techniques 
and algorithms in analysis improved accuracy and time of computational in prediction and classification. 

Games are one of the educational media expected to be the ideal idea for the education of field improvement. 
According to Atmaja et al., the rapid growth of educational games is hindered by various problems, including their 
development cost [3]. Development game needs preparation support game, design, content, subject, system, interface, 
e.g., and it takes time and a lot of costs. Nevertheless, the implementation is a field not helped student problems as the 
result of the research review shows improvement of student knowledge before and after using games is 8.7% percent. 
These things happen because the design of games is not analysis education data mining based. 

In this study, we will review the article of research to know growth educational data mining of analysis, which then 
figure out to design game comparing. Trends explained about techniques and algorithms used often in analysis and 
challenges will recommend to researchers. The formulation of the problem in this study is how to help the problem of 
students and make meaningful design games with analysis of Educational data mining results. Here are some related 
studies. 
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Rambola et al. reviews techniques and algorithms in Educational data mining [4]. The purpose of their research 
is to provide empirical evidence from the years 2012 to 2017. But in this study, there is no mention of the source and 
amount of review literature and does not discuss trends and challenges. The algorithms Decision tree, Apriori, K-Means, 
and followed by Classification techniques, Association, and Clustering are the most popular in this study. It should be 
attention that techniques and algorithms are very influential on research, so we need consider to selecting. 

In addition, Awad et al. also conducted a systematic literature review discussing Mining in Educational data: 
Review and future directions [5]. The purpose of this study is to examine data mining in educational trends and Machine 
Learning used. The reviewed literature previous research from the years 2016 to 2019. However, this research does 
not include the database and number of the Article used. From this, we know the right choice of techniques will be the 
effect of the resulting research. 

Fairuzabadi et al. review learning support factors on mathematic games, the purpose of this study is to find trends 
subject, game type, and evaluation to develop a game [6]. Several online databases use, namely: BioMed Central,  
ASSIA, ERIC, IEEE, Ingenta, and Science Direct. The different studies are the factor design games with analysis EDM, 
comparing of design will show in this study to see how efficiency from one of. 

Therefore, this study attempts to provide empirical evidence about trends and challenges in Educational data 
mining analysis that affect the design game. Collecting Articles in this study from several databases; ERIC, Microsoft 
Academic, NATURE, Springer Link, Wiley Online Library, IJSR, Taylor and Francis, KINETIK, IJEECS, IJEE, and IEEE. 
We got 33 of several Articles at the search terms, passing by screening, review, and filtering. In this study, we found 
that the best algorithms are not always suitable for new research. This study explained section, for the first is the purpose 
of research trends and challenges the next section about research method and the last section is a result with the 
conclusion that is discussed answers our research question. 

 
2. Research Method 

In this research, we used and determine a method to handle bias or Non-random error caused analysis process. 
The analysis process is a step to get an answer to the research question. To handle bias by the error collection Article, 
with determining some of the tier answers by Search Terms method, and Research Question solved bias caused over 
or underestimation from purposed research. Limitation of source Article also determines in filtering method with used 
only reputation Article. This method does by systematic to reduce bias in this research and get evidence trends and 
challenges for support increasing analysis EDM and apply in the ideal design of the game. 
 

 
Figure 1. Research Method 

 

In Figure 1 is the step of the method of research to achieve objectives following research method consists of:  
1. Determine the research boundaries over the research question (RQ). The formulation of RQ is under the point of 

research purposes. We have four research questions for this study it will explain in the next section. 
2. The search terms we created to answer the problem formulation. That’s helped to easy in selection Article and 

article we have. Divide three search terms over the question of algorithms, subject, and outcome. 
3. Determine the online database, namely the source, keywords, limited. The criteria of the selected database are 

credible which is recognized, and limited on years of publication. 
4. Screening Articles from an online database a done in two stages. The first stage we call filtering B1 based on 

abstract, title, and years, and filtering B2 analysis content of the Article to answer the research question. 
5. After obtaining the relevant articles and Articles for this research, then analysis of data calculating of a percentage 

data. The result of the data analysis percentage is in the table to explain the review. 
 

2.1 Research Question 
 This section contains questions related to problem formulation and the purpose of the study. Four research 

questions will answer a suitable Article. Namely of research question: (RQ1) What algorithms method was that used in 
Educational data mining?  (RQ2) What is the technique selection used of algorithms method in analysis Educational 
data mining? (RQ3) What evaluation model in analysis Educational data mining? (RQ4) what is the difference in the 
game design based on analysis of Educational data mining? 

 
2.2 Search Terms and Online Database 

Search terms are some terms that we create from the problem formulation, which defines several terms that help 
answer and select suitable Articles. In this study, we divide three search terms types of algorithms, subject, outcome, 
i.e., (Types of Algorithms (Machine Learning OR Feature Selection)) (A1), then the subject of learning terms: AND (Data 
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OR Data Mining OR EDM OR Techniques OR Methods) (A2). Then for possible results or effects: AND (Outcome of 
impact: (Student performance OR Student at-riks OR Behavior OR Student dropout OR Recommend system)) (A3), 
AND (Outcome of effect :(Techniques OR Evaluation OR Selection)) (A4) AND (Conclusion:( Tools Name OR Games 
OR Trends OR Challenges)) (A5). 

The online database criteria used to search scientific papers is an international database of Article sites indexed 
by Scopus and others. The sites are as follows: ERIC, Microsoft Academic, NATURE, Springer Link, Wiley Online 
Library, IJSR, Taylor and Francis, KINETIK, IJEECS, IJEE, and IEEE. The limitation on publications in this study from 
2016 to 2021. 
 
2.3 Filter 

This section is screened with certain restrictions to get the appropriate Article. The screening has two limited 
processes. Here are the limits in screening. 
1. Title and Abstract (B1). In the first limit, screenings are the title and abstract of the research suitable with problem 

formulation and requirements of years. Each research title and abstract must relate to Educational data mining OR 
Techniques selection OR Algorithms machine learning OR Design game OR Tools system. 

2. The answer to the research question (B2). The second filter is to review the content of an Article with the Research 
question (RQ). The result of this step is finding data about the content of the Article. 
 

2.4 Data Analysis 

Where 𝑥𝑑 = ∑ 𝑖. 1(𝑖1, 𝑖2, 𝑖3, 𝑖𝑛…)𝑖=𝑖𝑛 , 𝑥𝑑𝑖 = ∑ 𝑑. 𝑑1 + 𝑑. 𝑑𝑛…(𝑑1, 𝑑2, 𝑑3, 𝑑𝑛…)𝑑=1 . That’s  Equation 1 used to 

calculate the percent of all of the Articles. Analysis of percent research Article used the Equation 2 with a maximum 

number of 𝑥𝑑𝑖 = 21. 

 

% =∑
𝑥𝑑
𝑥𝑑𝑖

× 100% (1) 

  

% =∑
𝑥𝑑

𝑥𝑑𝑖=21
× 100% (2) 

 
3. Results and Discussion 
 

Table 1. Article Search Results Based on Search Terms 

Database A1 A2 A3 A4 A5 Percentage 

IEEE 24 24 23 23 23 45% 

ERIC 7 10 9 9 8 14% 

Taylor And Francis 4 6 5 4 3 6% 

IJSR 5 5 5 5 5 10% 

Microsoft Academic 3 3 3 3 2 4% 

Wiley Online Library 2 2 2 2 2 4% 

Springer Link 3 3 3 3 3 6% 

NATURE 2 2 2 2 2 4% 

KINETIK 2 2 2 2 2 4% 

IJEECS 1 1 1 1 1 2% 

IJEE 1 1 1 1 1 2% 

Number 54 59 56 55 52 100% 

 
This Table 1 section will explain the result analysis of the review in this study. The result presents in the table 

and figures with information support on previous research. 
 

3.1 Papers identified by search terms 
Table 1 presents the result identified by search terms, and the number included is 52 Articles. The Article has 

does do a review under search terms, namely: A1(Type Algorithms), A2 (Subject), A3-A4(Outcome), A5(Conclusion), 
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and then will be screened on the next step. The following are the results of the search terms and the percentage of 
Articles and articles obtained in each database. In Table 1, it can see IEEE has first ranked with 23 studies (45%). Then 
Articles in the database IJEECS and IJEE successively occupied the fewest position with a number percentage of 2% 
and the total number 1 of Articles. 
 
3.2 Filtered Papers 

The next stage is doing screening to get Articles that are suitable for this study. The screening process was 
carried out with two steps, namely filtering B1 and B2. The first stage of screening is by title and abstract of an Article 
(B1), the second stage is reviewing the contents and answering RQ that we determine before (B2). The result of this 
section is 33 Articles with 21 research Articles and 12 for Article review. Table 2 contains data number of Articles and 
their percentages. The number of Articles decreased at this stage from 52 to 33. The high percentage of databases is 
IEEE with 41% percent. That’s show information publication Article about analysis Educational data mining a lot found 
in database IEEE. 
 

Table 2. The Number of Filtered Articles 

Database 
Search 
Terms 

B1 B2 
Article 
Review 

Article 
Research 

Percentage 

IEEE 23 20 14 3 11 41% 

ERIC 8 8 3 0 3 9% 

Taylor And Francis 3 6 2 1 1 6% 

IJSR 5 3 4 2 2 12% 

Microsoft Academic 2 3 2 0 2 6% 

Wiley Online Library 2 2 1 1 0 3% 

Springer Link 3 3 2 1 1 6% 

NATURE 2 2 1 0 1 3% 

KINETIK 2 2 2 2 0 6% 

IJEECS 1 1 1 1 0 6% 

IJEE 1 1 1 1 0 3% 

Number 52 51 33 12 21 100% 

 
3.3 Subject Area 

 
Table 3. Subject Areas Machine Learning Model 

Machine 
Learning 

Model 
Research Database 

Number of  
Article 

Percentage 

Classification/ 
Prediction/ 
sequential 
patterns 

[7], [8], [9], [10], [11], [12], 
[13], [14], [15], [16], [17], [18], [19], 
[20], [21], [22], [23], [24], [25], [26], 

[27] 

IEEE 
ERIC 

Taylor and Francis 
NATURE 

IJSR 
IJEECS 

Microsoft Academic 

21 100% 

Clustering [27], [25] 
IEEE 
ERIC 

NATURE 
2 10% 

Association [8], [12], [24], [28] 
IEEE 
IJSR 

3 14% 

 
Parmar et al., there are several major data mining techniques: association, classification, clustering, prediction, 

and sequential patterns [29]. The subject area of this research is the machine learning model. Kurdi et al. [30], also 
says data mining techniques consist of predictive and descriptive. Predictive techniques include classification, 
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prediction, and time series analysis. Then the descriptive Data Mining techniques are Association, Clustering, and 
Summarization. Table 3 shows techniques, number of research, and database. The review classification and prediction 
model have a high percentage till 100% with 21 studies. This is following Anoopkumar et al. [2] classification is still the 
subject with the most from years 2005 to 2015. 

 
3.4 Outcomes of Study 

Based on the results of a review from problem formulation is analysis prediction problem of the student. Table 4 
is the outcome of the study on previous research. These 15 studies are focused on predicting student performance with 
the highest percentage of 71% and course institute with a percentage studies 19%, the least of percentage research is 
GPA, Student Dropout and Behavior with 5%. 
 

Table 4. Outcome of Analysis EDM 

Outcome Analysis 
EDM 

Research Database 
Number of 

Articles 
Percentage 

Student Performance 
[9], [10], [11], [12], [27], [15], 
[16], [17], [18], [19], [23], [24], 

[25], [26], [28] 

IEEE 
ERIC 
IJSR 

IJEECS 
Microsoft Academic 

15 71% 

Student Dropout [10] IEEE 1 5% 

Student At-
Riks,GPA/SAP 

[7], [13], [20] 
IEEE 
ERIC 

3 14% 

Institution OR 
Courses 

[8], [12], [14], [21], 
IEEE 

Taylor and Francis 
4 19% 

Behavior [22] 
IEEE 

NATURE 
1 5% 

 
3.5 Articles that answer the research questions 

Review of 33 Articles that we have been by answering research questions that we determine before. The following 
is a discussion of the answer. 
RQ.1 What algorithms method was that used in Educational data mining? 

The answer (RQ1) is the Algorithms type used in the analysis of educational data mining. Table 5 shows 
algorithms type with data analysis. The algorithm Decision tree is the most algorithm used in 7 studies with a percentage 
of 33%, 4 of them became the algorithm with the best accuracy level of 1, and 3 other studies became the best accuracy 
of 2 and 3. Radha K.R [13] has the results of an algorithm's Decision tree are popular. 
 

Table 5. Technique Selection of Algorithms Model 

Technique Selection Research Database 
Numbero of 

Article 
Percentage 

Confusion Matric 
[7], [8], [18], [19], 

[20], [22], [25], [26] 

IEEE 
ERIC 

NATURE 
Springer Link 

Wiley Online Library 

8 38% 

Fitur Selection/ 
Sampling/Subset 

[9], [14], [17], [27], 
[28] 

IEEE 
IJEECS 

5 23% 

Classification Model 
WEKA 

[11], [12], [21] 
IEEE 

Taylor and Francis 
3 14% 

Other [15], [16], [23], [24] 
IEEE 
IJSR 

4 19% 

RQ.2 What is the technique selection used of algorithms method in analysis Educational data mining? 
 
Results of the review show there are discussed techniques selection algorithm. The effect is improving accuracy 

in prediction and classification. The confusion Matric figures out the threshold to select the best accuracy algorithm 

https://doi.org/10.22219/kinetik.v7i1.1349


Kinetik: Game Technology, Information System, Computer Network, Computing, Electronics, and Control 
 

© 2022 The Authors. Published by Universitas Muhammadiyah Malang 
This is an open access article under the CC BY SA license. (https://creativecommons.org/licenses/by-sa/4.0/) 

 

 

                    

 

40 

method. This technique can be used with data balance or unbalance considerations. Table 6 shows Confusion matrix 
has a high percentage of 38% in 8 studies. 
 
RQ.3 What evaluation model in analysis Educational data mining? 

Analysis Educational data mining needed an evaluation model to confirm the extent of the research. The 
evaluation model follows the method and techniques used. Combination techniques or algorithms needed exhaustive 
evaluation. In Table 6 shows the popular evaluation model is accuracy evaluation with 80% percent and 17 studies from 
21. 
 

Table 6. Evaluation of analysis EDM 

Evaluation Research Database 
Number of 

Article 
Percentage 

Accuracy 
[7], [8], [10], [11], [12], [13], [14], 

[15], [16], [18], [19], [20], [21], [23], 
[24], [25], [26] 

IEEE 
ERIC 

Taylor and Francis 
IJSR 

Springer Link 
Wiley Online 

Library 

17 80% 

Precision [9], [17] IEEE 2 10% 

G-mean/ 
Iteration 

[14][27] 
IEEE 

IJEECS 
2 10% 

 
RQ.4 What is the difference in the game design based on analysis of Educational data mining?   

Indispensable of further application from analysis education data mining, namely developing system student 
admissions, tools media learning as games, e-learning, e-book,.i.e. and other. This section focuses on different games 
design with an analysis of Educational data mining. According to Vandercruysse et al., every educational game consists 
of game content, e.g., game mechanics and interfaces, and learning content, e.g., lessons and assessments [31]. 
Fairuzabadi et al. support factor of design games education is content, subject, type & element of games, and evaluation 
method [6]. Nevertheless, this study explains the difference in support factor game design. Table 7 is differences in the 
game design based on analysis of Educational data mining. 
 

Table 7. Different of Game Design 

Game Design Content Interface Element Outcome 

With EDM 

Based on Problem 
Solved: (created to look 

for student learning 
patterns) 

Layout/ Rules/ 
Description game: 

(Adapted to answer 
student problems) 

Type Games: (puzzle 
or simulation, for 

detection of early and 
advanced 

misconceptions e.g.,) 

Data and focus on 
solving the student 

problem 

Without EDM 
Based on support 

factors, namely: trends 
type game 

Adapted to the type 
of game and made it 

attractive for 
students 

Type Games: 
(interactive game more 
interesting, e.g., RTS, 
FPS, Life Simulation) 

Satisfaction 
(improved: 

motivated, Data) 

   
From Table 7 the developing game design with EDM focused on solving student problems to get data and 

patterns. Predictions and classifications in analysis Educational data mining will be more meaningful with periodic data 
games. Furthermore, it was used to improve the design of the game and develop a system from analysis Educational 
data mining. Generally, game design without EDM is not considered to student problem. That is the reason for 
insignificant improvements in students' knowledge and skills even though using the game, this is following in the review, 
Akhrian et al. discussed trends that impact and affect using games is to improve motivation learning [32]. Analysis EDM 
is useful to improve in game design and data periodic game make analysis meaningful. This area needs a combination 
to support each other in future research.  

 
 
 

https://creativecommons.org/licenses/by-sa/4.0/


Kinetik: Game Technology, Information System, Computer Network, Computing, Electronics, and Control 
 
 

Cite: U. Nadifa, F. A. Bachtiar, A. A. Supianto, and H. Tolle, “Review of Technique and Algorithm for Educational Data Mining: Trend and 
Challenge in Games Design”, KINETIK, vol. 7, no. 1, pp. 35-44, Feb. 2022. https://doi.org/10.22219/kinetik.v7i1.1349 
 

  

  
  

41 

3.6 Trends and challenges 
To achieve the maximum accuracy of algorithm method in EDM research, we must know the supporting factors. 

Knowing Trends and Challenges are the most important factors in the latest research. This study discusses trends in 
EDM research and future research in challenges. 

Baek, Clare Doleck, Tenzin [33] conducted a review of the 2015-2019 Article, the fewer studies data mining than 
learning analytics in the last of 5 years. There was an increase in the publication of Educational data mining even though 
the research was passive before. Such as research of developing learning media by the result of EDM is game, e-
learning, and other tools for solve student problems. On the other hand, e-learning or games provide data that be 
analyzed with EDM more periodically. 
 

Table 8. Algorithms Method in Analysis EDM 

Algorithms Method Research Database Number of Article Percentage 

Decision Tree [8], [12], [27], [13], [18], 
[23], [25] 

IEEE 
ERIC 
IJSR 

IJEECS 
Microsoft Academic 

7 33% 

Logistic Regression [7], [17], [20], [22], [25] IEEE 
ERIC 

NATURE 
Microsoft Academic 

5 23% 

SVM [12], [14], [16], [19] IEEE 
ERIC 

4 19% 

J48 [11], [12], [17], [21] IEEE 
Taylor and Francis 

4 19% 

Random Forest [9], [13], [25] IEEE 
Microsoft Academic 

3 14% 

Naïve Bayesian/ [7], [10], [11], [23] IEEE 4 19% 

MLP [7], [5] IEEE 2 10% 

MP and JRip [12] [11] IEEE 2 10% 

NBTree [15], [23] IEEE 2 10% 

AFSA [21] Taylor and Francis 1 5% 

KNN and NN [18] [24] IJSR 2 10% 

ANN [26] Microsoft Academic 1 5% 

Clustering [25] IEEE 1 5% 

Apriori [8], [24], [28] IEEE 
Microsoft Academic 

3 14% 

 
From Table 8, we can see that most research applies classification algorithms. However, machine learning has 

a lot of algorithms classification, and previous studies are limited in comparing the accuracy of each model without 
attention to proper technique selection, evaluation, and sample preparation techniques. Table 6 also describes the 
current popular model selection technique using the confusion matrix and classification using the WEKA tools. Sampling 
techniques are also widely used by above combining two techniques. The algorithms decision tree is the best one with 
high accuracy based on previous research. The challenge means in this study is variations in model selection 
techniques. The trends and challenges in this research are knowledge information researchers do not make the same 
mistakes and increase the probability of success and provide an overview of the limitations of current education data 
mining research. 

Based on the main idea in this study, it can be known that it is necessary to apply after knowing the techniques 
and algorithms that are popular in data mining analysis. Next from the results of the analysis, develop a game that is in 
design based on it. And for further development of trends and challenges above is to build tools such as systems, 
games, and other tools. 
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4. Conclusion 
The results of the reviews and discussions trends and challenges will explain the limited analysis of EDM and 

recommend technique, algorithm as well as game design. In the latest of 6 years, analysis EDM has increased in 
publication topics. Techniques selection, evaluation, and algorithms type this is a popular technique are control variables 
in research.  

The result of the review shows an algorithm in analysis Educational data mining is essential to find patterns and 
prediction or classification data. Currently, the classification model is a trend in research because it shows positive 
results and a good evaluation, a popular algorithm is Decision Tree with 33% percent of 7 studies, and Logistic 
Regression with 23% percent of 5 studies, and techniques evaluation are popular is Confusion matric with 38% percent 
of 8 studies. Then the challenge is developing a new model to get the best accurate and less time computation in 
prediction or classification. 

The trends and challenges are important areas to apply analysis Educational data mining is more meaningful. 
This research is limited to a review of analysis techniques and algorithms for Educational Data Mining, and in the future, 
we can implement this review to develop tools like games education in solving student problems with the best games 
design based on analysis data mining. 
 
Notation 

Data analysis in this study used percentages with the following notation: 

𝑥𝑑 : The number of Article studies. 

𝑥𝑑𝑖 : The number of the Article in on the whole databased. 

𝑖𝑛 : The number of Articles in. 

𝑖 : Article in is (i=1) and the Article out is (i=0). 

𝑑 : Scores Article in (d=1). 
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