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1. Introduction 

As technology develops rapidly and becomes an integral part of our lives, informatics plays an 

important role both in everyday life and in the work environment. Since the process of informatization 

is taking place in all areas of human activity, it is important for everyone to have high information 

literacy. As every specialist receives the initial basic knowledge in university, improving the learning 

process is an urgent issue. Currently, the development of informatics is in the spotlight all over the 

world. Thus, in recent years, institutes and research centers have been established in many countries 

to study and conduct research on informatics problems in the world. One of the main issues facing 

them is to propose modern educational standards in teaching the subject [1]. 

The recent widespread use of distance learning in higher education requires developing adaptive 

learning systems. Adaptive learning systems are widely studied in distance learning and in the field 

of intellectual education [2-10]. In these systems, a concept map is used as a tool for effective 

visualization of knowledge. A concept map is a very good tool for structurally presenting the topics, 

subtopics of a subject and the connections between them. A concept map is widely used in the field 

of education. The main purpose of concept maps is to better understand knowledge and connect 

topics. This, in turn, allows for accurate identification of students' knowledge gaps. 

The application of concept maps to improve the quality of teaching informatics in adaptive 

learning systems in universities is a topical issue, because concept maps allow students to identify 

topics that they do not master well and to target those topics. 

Building concept maps to improve the quality of students' learning process is an important 

research topic in adaptive learning systems [11-13]. Shyi-Ming Chen used the Apriori algorithm 

(Agrawal & Srikant, 1994) to build automatic concept maps [14-15]. 
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Studies show that this visual structuring helps students to understand the connections between 

topics more deeply. Therefore, in the article, we apply a method for building an automatic concept 

map to improve the quality of teaching informatics. It should be noted that software has been 

developed for conducting experiments to build an automatic concept map in teaching informatics in 

universities. 

 

2. Method for automatic building of a concept map in teaching informatics 

In the article, we present the application of the method for building an automatic concept map 

in adaptive systems in teaching informatics. First, the weights of concepts (topics) in test questions 

are assigned by the teacher. Each student's answers to the questions are recorded. Then, based on the 

students' answers to the questions, we apply the Apriori algorithm based on four types of association 

rules. Finally, to build a concept map in adaptive systems, we calculate the degree of correspondence 

between any two concepts. The degree of correspondence tells the student which concept should be 

studied before a certain concept. 

Let us show students' answers to certain test questions and the relationship of each question to 

certain concepts (topics) in the form of a matrix. Note that a question can be related to several 

concepts. Each question has a weight for the concepts it is related to, and the sum of these weights 

equals one. 

Suppose that 𝑛 students gave 𝑇1, 𝑇2, … , 𝑇𝑚 answers to 𝐿1, 𝐿2, … , 𝐿𝑛  𝑚 test questions. Then the 

scoring matrix 𝐺 is given as follows: 

 

𝐺 = [

𝑔11 ⋯ 𝑔1𝑚

⋮ ⋱ ⋮
𝑔𝑚1 ⋯ 𝑔𝑚𝑛

], 

 

where 𝑔𝑖𝑗𝜖[0,1] indicates the incorrect answer of student 𝐿𝑗 to test question 𝑇𝑖 as 𝑔𝑖𝑗 = 0, and the 

correct answer of student 𝐿𝑗 to test question 𝑇𝑖 as 𝑔𝑖𝑗 = 1, 𝑖 = 1,2, . . . , 𝑚, 𝑗 = 1,2, . . . , 𝑛. The weight 

matrix between test questions and concepts will be as follows:  

 

𝑇𝐶 = [

𝑡𝑐11 ⋯ 𝑡𝑐1𝑛

⋮ ⋱ ⋮
𝑡𝑐𝑚1 ⋯ 𝑡𝑐𝑚𝑝

], 

 

Where 𝑡𝑐𝑖𝑗 denotes the weight of the concept 𝐶𝑗 to which the question 𝑇𝑖 belongs, 0 ≤ 𝑡𝑐𝑖𝑗 ≤ 1, 𝑖 =

1,2, . . . , 𝑚, 𝑗 = 1,2, . . . , 𝑝. The proposed method for building a concept map based on the answers to 

the test questions consists of the following steps.  

The algorithm that determines association rules between the elements. Based on the 

student's answers to the test questions and the Apriori algorithm (Agrawal and Srikanth, 1994), the 

following association rule is determined between the questions: 

1. If a student answered question 𝑇𝑖 correctly, that person also answered question 𝑇𝑗 correctly.  

2. If a student answered question 𝑇𝑖  incorrectly, that person also answered question 𝑇𝑗 

incorrectly.  

For each question pair, we create association rules based on students' correct and incorrect 

answers for each question in that pair and calculate their support value. Then, new question sets are 

created, each consisting of two questions. We denote these question sets by (𝑇𝑖 → 𝑇𝑗). For each 

question pair 𝑠𝑢𝑝(𝑇𝑖 → 𝑇𝑗),   𝑖 ≠ 𝑗, 𝑖 = 1,2, . . . , 𝑚,  𝑗 = 1,2, . . . , 𝑚,  𝐼 confidence value is calculated:  
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𝐼(𝑇𝑖 → 𝑇𝑗) =
𝑠𝑢𝑝(𝑇𝑖 → 𝑇𝑗)

𝑠𝑢𝑝(𝑇𝑖)
, 

    (1) 

where, first, the support values 𝑠𝑢𝑝(𝑇𝑖) are calculated for all questions 𝑇𝑖   𝑖 = 1,2, . . . , 𝑚,, one by one, 

and the questions that satisfy the minimum support are selected. Assume that questions have a 

minimum support value of 40%, that is, 1-element answers must have a support value of at least two.   

Finding relationships between concepts. We calculate the degree of relationship between 

concepts in question pairs based on the concept weight assigned by the teacher for each question. If 

there is more than one relationship between any two concepts, then we take the one with the highest 

relationship degree. 

For questions with correct and incorrect answers, we calculate the relationship between 

concepts, using the following formula: 

𝑅(𝐶𝑖 → 𝐶𝑗)𝑇𝑥𝑇𝑦
= min (𝑊𝑇𝑥𝐶𝑖

,𝑊𝑇𝑦𝐶𝑗
) × 𝐼(𝑇𝑖 → 𝑇𝑗), 

    (2) 

where 𝑅(𝐶𝑖 → 𝐶𝑗)𝑄𝑥𝑄𝑦
∈ [0,1]  denotes the degree of relationship between the concepts "𝐶𝑖 →

𝐶𝑗" and the questions  Tx→𝑇y, 𝑖 = 1,2, . . . , 𝑝, 𝑗 = 1,2, . . . , 𝑝, 𝑥 = 1,2, . . . , 𝑚, 𝑦 = 1,2, . . . , 𝑚. Here, 

𝑊𝑇𝑥𝐶𝑖
  denotes the weight of the concept 𝐶𝑖 in the question 𝑇𝑥, 𝑊𝑇𝑦𝐶𝑗

 the weight of the concept 𝐶𝑗  in 

the question 𝑇y.  

After finding connections, we combine the relationship degrees for correct and incorrect 

answers for concepts 𝐶𝑖 and 𝐶𝑗 in one table, satisfying the following conditions: 

 If there is a relationship in the “𝐶𝑖 → 𝐶𝑗” relationship table, we write it in the combined 

relationship table.  

 If there are two relationships in the “𝐶𝑖 → 𝐶𝑗” relationship table, we calculate the relationship 

difference with the following formula and write it in the combined relationship table: 

  𝑅′ =
𝑅(𝐶𝑖→𝐶𝑗)

+
− 𝑅(𝐶𝑖→𝐶𝑗)

−

𝑀𝐴𝑋(𝑅(𝐶𝑖→𝐶𝑗)
+
,   𝑅(𝐶𝑖→𝐶𝑗)

−, 
(3) 

where 𝑅(𝐶𝑖 → 𝐶𝑗)
+

 is the degree of conceptual relationship of correct answers, 𝑅(𝐶𝑖 → 𝐶𝑗)
−

 𝑖 =

1,2, . . . , 𝑝, 𝑗 = 1,2, . . . , 𝑝, is the degree of conceptual relationship of incorrect answers. The table is 

constructed within the following conditions that the quantity 𝑅′ satisfies:  

 If the difference is greater than a certain number 𝜇, 0 ≤ 𝜇 ≤ 1 set by the user, we delete the 

relationship between the concepts 𝐶𝑖  and 𝐶𝑗 . Otherwise, we write the one with the largest 

degree of correspondence between the concepts 𝐶𝑖 and 𝐶𝑗 into the relationship table. 

 If the confidence level between concepts 𝐶𝑖 and 𝐶𝑗 is smaller than the number set by the user, 

we delete it. 

We build a concept map based on the confidence values we calculated according to the 

association rules and the table obtained within the conditions of the 𝑅′ quantity listed above.  
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3. Automatic building and analysis of a concept map  

3.1. The importance of the concept map in teaching informatics 

 

Concept maps play an important role in teaching informatics. Concept maps are useful for 

facilitating the learning process for students and for assimilating information more efficiently. The 

main advantage of concept maps in teaching informatics is that they help to structure the complex 

content of the subject. 

Note that computer systems, algorithms, and programming languages can be divided into 

smaller subtopics and displayed on a concept map. This allows students to easily grasp the main topic 

and relate each subtopic to the overall concept. It also allows students to identify concepts (topics) 

that they have not mastered and recommends the order in which they should study the topics. 

Understanding the relationships between the concepts (topics) of informatics can sometimes be 

challenging. 

Let us look at the description of the method on some topics of informatics. Areas such as 

programming, databases and algorithms require an understanding of the working principles of 

computer systems. The concept (topic) of “Computer Systems” covers concepts such as the main 

parts of a computer, hardware and software, operating systems, file structures. Therefore, the student 

should not study the concept of “Programming” before the concept of “Operating Systems”. The 

concept (topic) of “Operating Systems” is related to computer systems and covers the operation of 

software, as well as system programs (drivers, security programs, etc.). The concept of operating 

systems also provides a link to the topics of data security and networks. The concepts of 

“Programming” and “Algorithms” include the concepts of programming languages (Python, C++, 

Java, etc.), basic programming concepts (variables, loops, functions), properties and types of 

algorithms. The concept of “Cybersecurity” includes the principles of information security, 

encryption, authentication, threat analysis and defense mechanisms. This concept is related to the 

topics of networks and operating systems, because in order to understand the risks and defense 

methods in this area, it is necessary to understand the working principles of computer systems. 

Cybersecurity also requires learning the concepts of coding for security in the field of programming. 

As can be seen, the concept of “Operating Systems” should be studied first, then “Algorithm”, 

“Programming”, “Database” and then “Cybersecurity”.  

Let us consider an example of using this method to automatically establish connections between 

informatics concepts (topics) based on students' answers to test questions.  

 

3.2. Building a concept map for the subject of informatics  

 

A concept map is constructed using the Apriori algorithm based on the student's test answers. 

The algorithm determines which concepts the student failed to learn based on the correct and incorrect 

answers during the test process. The step-by-step implementation of the algorithm is shown in Fig.1. 
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Fig. 1. Algorithm for building a concept map 

 

The concept weight matrix of the questions and the scoring matrix of the test questions 

answered by the students are described as follows: 
 

𝐺 =  

[
 
 
 
 
0 1 0 0 1
1 0 0 0 1
0 0 1 0 0
1 0 0 1 1
 0 1 0 0 0 ]

 
 
 
 

,    

 

𝑇𝐶 =

[
 
 
 
 

 

1
0.5
0
0
0

0
0.5
0.7
0
0

0
0
0

0.8
0

0
0

0.3
0.2
0.6

0
0
0
0

0.4

 

]
 
 
 
 

. 

 

The number of students who answered each question incorrectly and correctly based on the 

students' 𝐺 matrix is shown in Table 1 and the concept-question 𝑇𝐶 matrix relationship is shown in 

Table 2. 

Assume that the minimum support value of the questions makes up 40% of the total questions. 

The support value of 1-element correct and incorrect questions is shown in Table 3. Correct answers 

get a value of “1”, and incorrect answers get a value of “0”. 
 

Table 1 

Students' answers to test questions 

Test 
Students 

 L1  L2  L3  L4  L5 

 T1 0 1 0 0 1 

 T2 1 0 0 0 1 

 T3 0 0 1 0 0 

 T4 1 0 0 1 1 

 T5 0 1 0 0 0 
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Table 2 

Concept-question relationship 

Test 
Concepts 

𝐶1 𝐶2 𝐶3 𝐶4 𝐶5 

 T1 1 0 0 0 0 

 T2 0.5 0.5 0 0 0 

 T3 0 0.7 0 0.3 0 

 T4 0 0 0.8 0.2 0 

 T5 0 0 0 0.6 0.4 
 

Table 3 

Support value of 1-element answers 

Test Support value of correct answers Support value of incorrect answers 

 T1 2 3 

 T2 2 3 

 T3 1 4 

 T4 3 2 

 T5 1 4 

 

The support value of 2-element correct and incorrect answers to the questions that students 

answered incorrectly for all question pairs is given in Table 4. 
 

Table 4 

Support value of 2-element answers 

Test 

Support value 

of correct 

answers 

Support value 

of incorrect 

answers 

Test 
Support value of 

correct answers 

Support value of 

incorrect answers 

 T1→𝑇2 1 2  T3→𝑇4 0 1 

 T1→𝑇3 0 2  T3→𝑇5 0 3 

 T1→𝑇4 1 1  T4→𝑇1 1 1 

 T1→𝑇5 1 3  T4→𝑇2 2 2 

 T2→𝑇1 1 2  T4→𝑇3 0 1 

 T2→𝑇3 0 2  T4→𝑇5 0 1 

 T2→𝑇4 2 2  T5→𝑇1 1 3 

 T2→𝑇5 0 2  T5→𝑇2 0 2 

 T3→𝑇1 0 2  T5→𝑇3 0 3 

 T3→𝑇2 0 2  T5→𝑇4 0 1 

 

Based on the support value of correct and incorrect answers, the confidence is calculated using 

formula (1), and the degree of relationship between the concepts  C1→𝐶2  for correct answers is 

calculated using formula (2):  

For the T1→𝑇2 question pair 𝑚𝑖𝑛(1, 0.5) ∗ 0.5 = 0.25 (𝐼 = 0.5), 

For the T1→𝑇3 question pair 𝑚𝑖𝑛(1, 0.7) ∗ 0 = 0 (𝐼 = 0). 

The maximum value is selected from these relationships to find the relationship degree for the 
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concepts  C1→𝐶2: 

𝑚𝑎𝑥(0.25, 0) = 0.25 (𝐼 = 0.5). 

Note that for all concept pairs, confidence and relationship degrees are calculated based on 

correct and incorrect answers. 

Let us assume that the minimum confidence set by the user is less than 0.75. We delete the 

relationships that are smaller than this number. Then, for all question pairs, the confidence of students' 

correct and incorrect answers and the degree of relationship between the concepts for each question 

in that pair are obtained using formulas (1), (2) and (3) in Table 5.  

Table 5 

Confidence and relationship degree 

 

Based on the concept relationship table, the concept map for the concepts of informatics will 

be as shown in Fig. 2. From the concept map obtained in this way, it can be seen that concept 𝐶5 

cannot be learned before concepts  𝐶1,  𝐶2, 𝐶4, and that concepts 𝐶1 and 𝐶2 must be learned before 

concept 𝐶3. 

 
 

Fig. 2. Concept map  

 

Based on the created concept map, the student is advised on the way to study the topics. This, 

in turn, ensures that the student has a better grasp of the knowledge and saves time when re-studying 

the topics that they failed to learn. 

It should be noted that the Python programming language "numpy", "pandas", "matplotlib" and 

"networkx" libraries were used to conduct computer experiments.  

 

4. Conclusion 

The article presents the procedure for applying a method for automatically building a concept 

map in teaching informatics. This method provides teachers with a quickly automatically built 

concept map to identify concepts (topics) that students have difficulty learning. It is a structured form 

of knowledge to better understand the topics of the subject of informatics, facilitate learning, and 

Concept Relationship degree Confidence 

𝐶1 → 𝐶5 0.4 1 

𝐶2 → 𝐶5 0.3 0.75 

𝐶3 → 𝐶1 0.5 1 

𝐶3 → 𝐶2 0.5 1 

𝐶4 → 𝐶1 0.45 0.75 

𝐶4 → 𝐶5 0.225 0.75 
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solve complex problems. The use of concept maps ensures that the educational environment is more 

interactive and productive. 

The proposed method builds a concept map based on both incorrect and correct answers based 

on association rules.  
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