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Abstract  
In the modern world, remote technologies have gained great popularity and demand. This 

happened due to the fact that many educational institutions were forced to switch to a distance 

learning format in response to the epidemiological situation. Kazan Federal University has a 

distance learning system based on LMS Moodle. As a component of this system for teaching 

school mathematics, the OntoMathEdu ecosystem is being developed, the main goal of which is 

to personalize the process of distance learning in school mathematics. The article also describes 

the generation of some types of tasks in school geometry, based on the structure and concepts 

of the ontology of the same name, which contains a cross-section of knowledge on planimetry. 

The types of tasks covered in this article are as follows: theoretical tasks with the choice of the 

correct answer, an interactive task to restore the relationships between a certain set of ontology 

concepts, as well as a task to choose a suitable relationship between two concepts. 

  In addition, one of the methods for improving the structure of the ontology is highlighted to 

further improve the quality of the task generator and other components of the ecosystem. 

 

Keywords  1 
Paper template, OntoMathEdu ontology, software service, educational application, test 

generator, test question. 

1. Introduction 

As in any large university, Kazan Federal University has its own distance learning system. Our goal 

is to expand the functionality of this system by adding components based on the ontology of school 

mathematics OntoMathEdu. 

The ontological approach is often used to organize training in a more structured format, as well as 

to help the student form a holistic picture of the current discipline, to form in the student's mind the 

relationship between concepts and rules. 

There are a number of projects that use ontologies as a means of structuring educational content. For 

example, Conde et al. [1] developed a project in which educational ontology is used to describe the 

topics to be mastered by students and the pedagogical relationships between the topics. 

In the MKMSE project [2], the ontology is used to store mathematical knowledge. In [3], the 

ontology is used to represent the semantic description of document resources and the relationship 

between document resources and other data. 

Since the main practical result of this article is the generation of tasks in school mathematics, it is 

necessary to consider works aimed at generating tasks or components of tasks (for example, correct and 

incorrect answers for a pre-known question). We are interested in works that perform such generation 

in automatic mode, since it is very time-consuming to manually create large collections of tasks. 

One of the promising approaches to automatic question generation is corpus approach, in which 

questions are generated from a set of annotated or non-annotated texts. This approach is widely used in 

the field of language learning [4–8] and some other fields, such as biology and medicine [9]. 
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Figure 1. Components of the OntoMathEdu ecosystem 

 

However, as far as we know, corpus approaches were not used in the problems of generating 

mathematical tasks. Of course, there are works in which the generation is based on a set of templates 

[10–17] or manually created knowledge bases [18, 19]. 

 

2. Structure of the OntoMathEdu ecosystem 

The article discusses the structure and main tasks of the infrastructure of software components built 

around the ontology of school mathematics OntoMathEdu [20, 21]. The OntoMathEdu ontology is a set 

of concepts and relations between them that describe the necessary knowledge in the course of school 

planimetry. The main components of the OntoMathEdu ecosystem are shown in Figure 1. We will briefly 

describe each of them: 

1. Intellectual digital educational platform for school mathematics. This component is central to 

the ecosystem. It is used in teaching school mathematics, with the help of ontological and semantic 

technologies. 

2. Collection of questions. This collection is the output data of the "Test generator" component. 

Questions stored in this collection are used in the formation of sets of questions when monitoring 

the level of knowledge of students. 

3. Formula storage [22]. This component consists of formulas extracted from school geometry 

textbooks, presented in various formats (plain text, LaTeX, OpenMath). The conversion of formulas 

from plain text to formalized formats is done manually. Importantly, the concepts included in the 

formalization in OpenMath contain references to the corresponding concepts in the OntoMathEdu 

ontology. 

4. Digital educational resources. This component combines all auxiliary data sources located on 

the Internet 

5. OntoMathEdu ontology [20, 21]. The OntoMathEdu ontology is a reflection of the level of 

knowledge corresponding to the level of school mathematics. It serves as the main repository of 

concepts and their relationships that are used by other services. The concepts of the ontology are 

expressed by the English, Russian and Tatar labels and were interlinked with the external lexical 

resources from the Linguistic Linked Open Data cloud [23], including, WordNet [24], BabelNet 

[25], RuThes Cloud [26] and Russian-Tatar Thesaurus [27]. 

6. Ontology enrichment service. This component includes a set of methods that are used to clarify 

the relationships between ontology concepts and improve the horizontal connectivity of ontologies. 

7. Test generator [28]. This component is used to automatically create new tasks based on the 

analysis of the structure and concepts of existing tasks. In addition, this module has an ability to 

generate tasks based solely on the structure and concepts of the ontology. 
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8. Semantic formula search [29]. This is a search module that performs a semantic search for 

mathematical texts present in the ecosystem. 

9. Recommendation system [30]. This module helps users to learn concepts related to their current 

learning process, thereby ensuring consistent learning. 

3. Types of tasks 

One of the most important components of the OntoMathEdu ecosystem is the "Test generator". This 

component will automatically create tasks that belong to the types listed in the classification below. 

As a classifier of test tasks, we have developed a set of correlations between the types of tasks from 

LMS Moodle and the levels of acquisition, according to which all questions can be divided into five 

types (Table 1). 

It is obvious that questions requiring a detailed open answer are the most difficult type for 

automation and require the participation of the applicant. Therefore, at this stage, the result of the test 

component of the question generator will be questions of the types "Multiple Choice", "Matching task", 

"Open Answer", "Calculated answer". 

In addition to the above classification, we also divided the questions according to the level of 

assimilation of mathematical entities (axioms, definitions, theorems, mathematical problems). 

In addition to the main types of questions listed in Table 1, we have also developed several types of 

tasks based on the structure and concepts of ontology, namely: 

1. Interactive task on restoring the structure between ontology concepts; 

2. The task of determining the type of connection between pairs of concepts. 

 

The first task is formed as follows: 

1. A concept that is explicitly present in the hierarchical structure of the ontology is randomly 

selected from the ontology. 

2. The subtree of the ontology is selected, the root of which is the selected concept (the depth and 

maximum width are set by the parameters). 

3. The student is offered a tree structure of a subtree with empty nodes, and a list of concepts that 

need to be placed in the corresponding nodes. The order of concepts of the same level and 

concepts in the same branch is not checked (since the student is not required to know the order 

of these concepts in the ontology). 

4. Upon completion of the concept placement, the solution is automatically checked. 

5. If the student has made a random mistake and wants to cancel the placement of the concept, he 

has the option to click on the posted concept and return it to the list of unplaced concepts. Figure 

2 shows an example of a partially solved task of the 1st type.  

 

The second task is formed as follows: 

1. Several random triplets of the <subject – predicate – object > format are selected from the 

ontology, without a limitation on predicate type. 

2. For the student, pairs of concepts are displayed, separated by a drop-down list with all possible 

types of predicates present in the ontology. 

3. The student selects the predicate types for all the given pairs of concepts and runs the check. 

 

Figure 3 shows an example of a solved task of type 2. 

 

Table 1  
Types of tasks (according to our classification) 

Type of formalized question (required answer) Level of acquisition 

Multiple choice student (basic) 
Matching task student (basic), algorithmic level 
Open answer algorithmic, heuristic level 
Calculated answer creative level 
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Figure 2. Example of an ontological task of the 1st type 

 

 
Figure 3. Example of an ontological task of the 2nd type 

4. Ontology enrichment service 

The development of the OntoMathEdu ontology is currently in the active stage, and contains more 

than 900 concepts and more than 20 relationships. The task of introducing new relations between 

concepts is very important. 

We have developed a method for introducing new relations between concepts, based on the use of 

a set of definitions of theorems. Our main idea is as follows. Each theorem contains some ontology 

concepts, and they can be divided into two types – concepts that are given in the problem condition and 

those that need to be obtained in the answer (for example, in the theorem "The area of a quadrilateral 

is half the product of the diagonals by the sine of the angle between them", the input concept is the 

"Diagonal of a quadrilateral", and the output concept is the "Area of a quadrilateral"). We assume that 

there must be a chain of concepts between the input and output concepts, and the length of such a chain 

must be less than 6 concepts (an empirically discovered limitation). If the chain between concepts is 

long or passes through concepts that are not related to the examined ones in any way, such a pair is 

passed for analysis to an expert group in order to introduce a direct ontological connection between the 

concepts (or between the concepts in the pair and some common concept present in the chain). 
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The concept chain search algorithm is essentially a breadth-first search algorithm on a graph. When 

composing the adjacency matrix, we consider all one-sided relationships as two-sided. In this way, we 

guarantee the processing of directional relationships between concepts. 

We present some results of experiments on detecting chains between concepts in Table 2. It shows 

the theorem from which the concepts were distinguished, the concepts themselves and the chains 

between them, as well as possible corrections that will be made to the ontology. Table 2 shows the step-

by-step process of ontology enrichment on the example of "The area of a quadrilateral is half the product 

of the diagonals by the sine of the angle between them" theorem. The list of concepts that are present 

in this theorem includes "Quadrilateral", "Diagonal of a quadrilateral", "Square of a quadrilateral", etc. 

Current state of connections between these concepts is shown in the "Concept chain" column of the 

table. We provide some actions that can make the ontology better. After linking the elements in the 

concept pairs ("Quadrilateral", "Diagonal of a quadrilateral") and ("Quadrilateral", "Area of a 

quadrilateral"), we get a short connection between the concepts ("Area of a quadrilateral", "Diagonal 

of a quadrilateral"). 

5. Conclusion  

This article describes the structure of the OntoMathEdu ecosystem, that is designed to support the 

process of personalized teaching of school mathematics. The components of the task generation 

ecosystem are presented in detail, and new task types based on ontology are proposed. In addition, an 

algorithm for enriching the ontology was given, which contributes to improving the horizontal 

connectivity of the ontology. 

 

Table 2  
Examples of improvements for the OntoMathEdu ontology 

Source theorem First concept Second 
concept 

Concept chain Actions 

The area of a 
quadrilateral is 
equal to half the 
product of the 
diagonals and the 
sine of the angle 
between them 

Quadrilateral Area of a 
quadrilateral 

Quadrilateral -> Polygon -> 
Bounded part of the plane -> 
Part of the plane -> Un-
limited part of the plane -> 
Angle... -> Area of the 
bounded part of the plane -> 
Area of a Polygon -> Area of 
a quadrilateral 

The 
relationship 
“ontologically 
depends” is 
built 

The area of a 
quadrilateral is 
equal to half the 
product of the 
diagonals and the 
sine of the angle 
between them 

Quadrilateral Diagonal of a 
quadrilateral 

Quadrilateral -> The 
described quadrilateral -> 
The described polygon -> 
Polygon -> Bounded part  of 
the plane -> Part of the plane 
-> Geometric shape on a 
plane -> Line -> Cut -> 
Polygon segment -> Diagonal 
of the polygon 

The 
relationship 
“ontologically 
depends” is 
built 

The area of a 
quadrilateral is 
equal to half the 
product of the 
diagonals and the 
sine of the angle 
between them 

Area of a 
quadrilateral 

Diagonal of a 
quadrilateral 

Area   of   a   quadrilateral -> 
Quadrilateral -> Diagonal of a 
quadrilateral 

Connection is 
optimal 
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Future work is related to the implementation of the personalization component in all implemented 

test generators, as well as the overall development of these components. In addition, it is planned to 

develop a component for automatic analysis of a detailed response by drawing up a framework (scheme) 

of the solution, and filtering tasks by the types of these frameworks. 
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