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Abstract: The article raises the problem of development of adaptive environment of teaching mathematics by means of 

information technologies. The author’s approach to formation of a productive process of teaching 

mathematics in a virtual educational environment is presented. The article reveals the organization of subject-

object educational relations and describes the mechanism for managing, the process of information exchange 

between the learning system and learners. The research presents and proves the technological line of studying 

the training module at three main stages: studying the theoretical material, solving key problems, solving 

training problems. The article describes approaches to organization of content of educational resources of 

QualiMe environment and provides content of mathematical education on example of the «Ordinary 

fractions» educational module. The effectiveness of learning and achieved results is characterized by the 

levels of learning: perception and understanding, reproductive activities, productive activities and 

transformation. The author presents the algorithm of providing the specified levels of knowledge by 

interactive means of training. The article proves that the developed training technology can significantly 

accelerate and facilitate the process of acquiring knowledge, skills, ways of thinking and activities, which 

meets the specific needs of the education system and increases the productivity of the pedagogical process.

1 INTRODUCTION 

Pedagogical process is traditionally understood as a 

holistic educational process in unity and 

interrelationship of education and training, 

characterized by joint activity, cooperation and 

collaboration of its subjects, promoting the fullest 

development and self-realization of the student’s 

personality (Kodzhaspirova, Kodzhaspirov, 2000).  

The modern teaching paradigm is characterized 

by the fact that the essence of learning is no longer 

limited to the transfer of ready-made knowledge to 

students, to the independent problem solving, or to 

students' own discoveries. It is distinguished by the 

intelligent combination of pedagogical management 

with its own initiative and independence, activity of 

schoolchildren. Its credo and the main goal is to bring 

students to a given level of education with a minimum 

of time, effort, means (Podlasy`j, 2004).  
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Consequently, the pedagogical and scientific 

community is faced with the task of developing 

adaptive educational environments capable of 

matching the educational services offered with the 

educational needs of modern society. The relevance 

of such developments has increased significantly with 

the advent and development of information and 

telecommunication technologies (Grigor`ev, 

Grinshkun, 2014). Information technologies provide 

an opportunity to implement subject-object 

educational relations by organizing the interaction of 

the subject with the content by establishing 

continuously operating direct and backward links 

between the learning system and students. 

Let’s reveal the process of building a productive 

technology of teaching mathematics in the QualiMe 

virtual educational environment, including two major 

educational resources that are interlinked and 

coherent in terms of content: QualiHelpy and 

QualiTesty. We call this learning environment 



interactive, as unlike the passive information 

environment, it is focused primarily on the 

educational and cognitive activity of the subject, and 

not only on training activities from outside. 

The most important advantages and distinctive 

features of the QualiMe environment resources are: 

interactive author's content and the technology of 

interactive teaching mathematics. The QualiMe 

educational environment is designed to solve the 

following tasks: the systematic formation of cognitive 

activity and cognitive independence of students; 

providing pedagogical support for the process of 

teaching mathematics and its timely diagnosis and 

correction. Similar developments currently do not 

exist. 

2 METHODS 

The study of educational material in QualiMe 

environment is based on the idea of consolidation of 

didactic units (training modules). The theoretical 

basis for this approach is presented in our work 

(Sirotina, 2016). When developing the structure of the 

training module, we used elements of the theory of 

programmed learning by B. Skinner (Barxaev, 2007), 

the essence of which is that each «step» of the training 

program should be so simple that the student could 

execute it correctly. To this end, a system of hints and 

reinforcements is provided to ensure that the learner’s 

reaction is correct from the start.  

The technological line of study of the training 

module is presented in Figure 1 and includes the 

following stages of training: the study of theoretical 

material; the solution of key (reference) problems; the 

solution of teaching problems.

 

 

Figure 1: Technological line of studying of the training module.

Let’s reveal the implementation of the presented 

technology on the example of studying the «Ordinary 

fractions» learning module 5 class. This module 

includes subsections: 1) The concept of fractions; 2) 

Actions with ordinary fractions; 3) Mixed numbers. 

We consider the subsection «The concept of 

ordinary fraction». 

I. The study of theoretical material provides the 

resource QualiHelpy through the content of the tabs 

"Reference material", "Pay attention!", "Video" and 

"Models". 

REFERENCE MATERIAL 

"Reference material" tab content: systematized 

and structured training material, the main knowledge 

is highlighted and there is no low - value and 

insignificant knowledge in order to eliminate memory 

overload to the detriment of thinking; Learning 

material requiring memorization is enclosed in short 

ranks; All concepts, definitions, rules and algorithms 

are explained and illustrated by examples. 

Contents of the "Reference material" tab:  

Ordinary fractions 
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Number of the form 
b

a
, where а and b – natural 

numbers, which are called ordinary fractions.  

Number b is called the denominator of a fraction 

and shows how many equal parts the unit (whole) is 

divided into. Number а is called the numerator of a 

fractions and shows how many such parts are taken. 

F o r  e x a m p l e ,  if 1 km is divided into 5 equal 

parts and pass 2 such parts of the track, the distance 

traveled will be two fifth kilometers: 
5

2
 km. 

Proper and Improper Fractions  

1. Fractions 
b

a
 is called proper, if its numerator is 

less than the denominator ( ba  ).  

2. Fractions 
b

a
 is called improper, if its numerator 

is not less than the denominator ( ba  or ba  ).  

F o r  e x a m p l e ,  fractions 
11

3
 and 

50

49
 – is 

proper, and fractions 
7

15
 and 

17

17
 – is improper. 

The rule of finding a fractions by of a number 

To find a fraction 
b

a
 of the number c, the number 

c must be divided by the denominator of the fraction 

and the result multiplied by the numerator of the 

fraction: dabc : .  

F o r  e x a m p l e :  find a fraction 
5

3
 of the 

number 45, we get: 273935:45  .  

The rule of finding a number by its fractions 
To find a number c with a given value d in its 

fraction 
b

a
, it is necessary to divide the given valued 

d by the numerator of the fraction and multiply the 

result by the denominator of this fraction: 

cbad : .  

F o r  e x a m p l e : if 
5

3
 of some number is equal 

to 27, then this number is equal to: 455953:27 

. 

PAY ATTENTION 

"Pay attention!" tab content: it contains additions 

to the reference material in the form of regularities; 

emphasis is placed on important features of the 

studied material. 

Contents of the "Pay attention!" tab:  

1. Any natural number can be represented as an 

ordinary fraction, the denominator of which is equal 

to the number 1. For example:  
1

15
15  ; 

1

1
1  . 

2. The number 0 can be represented as an ordinary 

fraction, the denominator of which is equal to any 

natural number. For example:  
120

0
0  ; 

1

0
0  . 

3. The number 1 can always be represented as an 

ordinary fraction, in which the numerator is equal to 

the denominator. For example:  
12

12
1  , 

34

34
1  .  

EXAMPLES 

“Examples” tab content: the main types of key 

tasks are highlighted; the application of theoretical 

information in practice is illustrated. 

Contents of the “Examples” tab (fragment): 

Example 1. Fractions are given: 
5

1
, 

3

4
, 

20

20
, 

10

11
. 

Find the product of the denominators of improper 

fractions. 

Decision: 

Fraction 
5

1
 is proper, because 1< 5. Fraction 

3

4
 is 

improper, because 4 > 3. 

Fraction 
20

20
 is improper, because 20 = 20. 

Fraction 
10

11
 is improper, because 11 > 10.  

Find the product of the denominators of irregular 

fractions: 60010203  . 

Answer: 600. 

Example 2. Tourists went on a four-day hike. On 

the first day they passed 
6

2
 all the way, which was 14 

km, and on the second day – 
7

2
 the remaining of the 

way. What distance did the tourists walk in two days? 

Decision: 

1. Find the whole way: 4262:14   (km). 

2. Find the remaining path: 281442   (km). 

3. Let's find the distance that the tourists walked 

on the second day: 1424:28   (km). 

4. Let's find the distance that tourists have traveled 

in the first two days: 14 + 14 = 28 (km). 

Answer: 28 km. 

VIDEO TUTORIALS 

Contents of the “Video” tab. This tab contains 

video tutorials, which are a presentation with 

voiceover. Since auditory and visual communication 



channels are involved, according to the theory of 

cognitive load developed by John Sweller, an 

adequate load on the working memory of students is 

provided, which helps to preserve their mental 

activity, support attention and interest in the material 

being studied. 

Video tutorial content: the logic of the 

presentation of educational material is preserved, but 

all the introduced concepts, definitions, rules and 

algorithms are explained and illustrated with 

examples; the conditions of the task are set using 

symbolic and graphical means of providing 

information. 

MODELS 

Contents of the “Models” tab. This tab contains a 

link to download the MK player and download files - 

interactive models that we have developed in the 

"Mathematical Constructor" software environment. 

The "Mathematical Constructor" software 

environment is designed to create interactive 

mathematical models combining design, modeling, 

dynamic variation, virtual experiment.  

The content of the "interactive model" tab: the 

logic of the presentation of educational material is 

preserved, but new schemes of repetition and 

consolidation of the studied are applied, which makes 

it possible to view the material from different sides, 

from different angles. 

II. The solution of key tasks is provided by the 

QualiHelpy resource through the content of the 

“Videos” and “Models” tabs (discussed above) and 

the QualiTesty resource through Thematic interactive 

tests. 

THEMATIC INTERACTIVE TEST 

Content organization: it contains 10 closed-type 

tasks (with the choice of one correct answer) and 

open-type tasks (entering the answer into the field); 

multiple and continuous repetition of what has been 

studied in all new situations and connections; the 

maximum degree of prompting; diagnostics and 

correction of the learning trajectory; management of 

the learning process is carried out using four tabs: 

“Task", “Knowledge actualization”, “Solution", “Pay 

attention". The “Task” tab contains the text of the 

task, formulated in the form of a statement. The 

“Knowledge Actualization” tab provides external 

resources (theoretical information) for solving a 

specific task based on the principle of necessary 

sufficiency, which encourages the student to use 

them. The student must transform these tasks 

independently in such a way that the theoretical 

information with which this task can be solved 

becomes clear. The “Solution” tab provides a 

reference method for solving the problem, but you 

can use this tab only when the problem is solved and 

the answer option is specified. The “Pay attention” 

tab contains additional explanations to the solution of 

the problem or reflexive information (conclusion, 

generalization, comparison, etc.). 

The content of the test "The concept of an 

ordinary fraction" (fragment). 

Task 1. The book has 135 pages. The student has 

read 
9

5
 this book. The number of pages read by the 

student is equal to: 

Enter the answer in the field ______ 

Knowledge Actualization  

To find a fraction 
b

a
 of the number c, it is 

necessary to divide the number c by the denominator 

of the fraction and multiply the result by the 

numerator of the fraction. 

Decision:  

The denominator of the fraction 
9

5
 (number 9) 

shows how many parts the number of all pages of the 

book is divided into. Therefore, one part of the book 

will be: 135 : 9 = 15 (pages) 

The numerator of the fraction 
9

5
 (number 5) 

indicates that the student has read 5 parts of the book.  

Consequently, he read: 75515   (pages). 

Pay attention! 

The rule of finding the fraction 
b

a
 от числа c: 

dabc : . 

Task 2. Fractions are given:
4

6
, 

3

1
, 

2

2
, 

10

11
. The 

sum of the denominators of improper fractions is: 

Enter the answer in the field ______ 

Knowledge Actualization  

A fraction 
b

a
 is called improper if its numerator is 

not less than the denominator: ba   or ba  . 

Decision: 

The fraction 
4

6
 is improper, because 6 > 4. The 

fraction 
3

1
 is proper, because 1< 3. 

The fraction 
2

2
 is improper, because 2 = 2. The 

fraction 
10

11
 is improper, because 11 > 10.  



Find the sum of the denominators of the improper 

fractions: 4 + 2 + 10 = 16.-. 

Pay attention! 

If the numerator of a fraction is equal to its 

denominator, then the fraction is equal to the number 

1:  

1:  aa
a

a
. 

III. The solution of training tasks is provided by 

the QualiTesty website through comprehensive semi-

interactive tests.  

COMPREHENSIVE SEMI-INTERACTIVE 

TESTS 

Content organization: contains 10 tasks of closed 

and open type; attenuation of hints; contains tasks of 

all subsections of the training module (the concept of 

an ordinary fraction, actions with ordinary fractions, 

mixed numbers); the process of cognition is 

controlled only using two tabs: “Task” and 

“Solution”. 

The content of the Complex test (fragment). 

Task 1. The root of the equation 

59

33

59

8
21  








x   is: 

Choose one of the options: 

1) 
59

18
2 ; 2) 

59

43
; 3) 

59

34
2 ; 4) 

59

4
4 ; 5) 

59

1
3 . 

Decision: 

Find the unknown subtractable: 

59

33
1

59

8
2 x , 

59

33

59

59

59

8
2 x , 

59

26

59

8
2 x . 

Find the unknown diminutive: 
59

8
2

59

26
x , 

59

34
2x . 

Task 2. The sum of all natural values of n for 

which the inequality is true 
7

1
8

77

4
7 

n
, is equal 

to: 

Enter the answer in the field ______ 

Decision: 

Let 's write the inequality 
7

1
8

77

4
7 

n
 in the 

form: 
7

178

77

477 


 n
; 

7

57

77

53


n
. 

Therefore, 5753  n . This inequality holds 

when: n = 54; n = 55; n = 56.  

Find the sum of the values of n: 54 + 55 + 56 = 

165. 

3 RESULTS 

Characteristics of the effectiveness of the 

educational process. A general characteristic of the 

effectiveness (productivity, performance) of the 

results is usually given through the levels of learning 

(or assimilation of knowledge). The analysis of 

research in this field (Slastenin, 2013; Bespal`ko, 

1989; Xutorskoj, 2001) allowed us to identify the 

following levels of assimilation of knowledge in 

accordance with the goals and specifics of our 

research: 

 the level of perception and understanding – 

establishing the connection of the unknown, the new 

with the already known; drawing up the correct 

concept of the studied material; 

 reproductive level – reproduction and 

analysis of educational material, performing actions 

on a sample, by analogy;  

 productive level – the application of 

knowledge in practice, the formation of educational 

competencies; 

 the level of transformation – solving 

problems by transferring acquired knowledge, skills, 

applying knowledge in a non-standard situation, 

creativity of thinking and activity.  

The technology of providing training levels is 

shown in Figure 2. 

The level of perception and understanding is 

provided by the content of the tabs “Reference 

material”, “Pay attention!”, “Video" and “Models" of 

the Helpy resource. 

The reproductive level is provided by the content 

of the “Models” tab of the Helpy resource and the 

content of Thematic interactive tests of the Testy 

resource. 

The level of productive activity is provided by the 

content of Thematic interactive tests and Complex 

semi-interactive tests of the Testy resource. 

The level of transformation is provided by the 

content of Complex tests of the Testy resource. 

Control 

The control of learning outcomes is carried out on 

the QualiTesty website with the help of Control 

theoretical tests and Control practical tests. 

CONTROL THEORETICAL TEST 

Content organization: it contains 20 closed-type 

tasks (choosing one correct answer, choosing several 

correct answers) and open-type tasks (entering the 

answer in the field); checking the assimilation of 



theoretical knowledge of all subsections of the 

training module (the concept of an ordinary fraction, 

actions with ordinary fractions, mixed numbers). 

The content of the Theoretical test (fragment). 

 

Figure 2: Providing levels of training.

Task 1. A fraction is called improper if:  

Choose several answers: 

1) its numerator is greater than the denominator;  

2) its numerator is less than the denominator; 

3) its numerator is equal to the denominator; 

4) its numerator is not equal to the denominator; 

5) its denominator is less than the numerator. 

Task 2. Actions with ordinary fractions: 

Choose several answers: 

1) 
cb

ca

b

c

b

a




 ; 2) 

b

ca

b

c

b

a 
 ; 3) 

cb

ca

b

c

b

a




 ; 4) 

b

ca

b

c

b

a 
 ; 5) 

db

ca

d

c

b

a






. 

Task 3. When subtracting mixed numbers, it is 

necessary: 

Choose several answers: 

1) from the whole part of the reduced, subtract the 

whole part of the subtracted; 

2) from the whole part of the subtracted, subtract 

the whole part of the reduced; 

3) from the fractional part of the subtracted, 

subtract the fractional part of the reduced; 

4) from the fractional part of the reduced, subtract 

the fractional part of the subtracted; 

5) convert mixed numbers to ordinary fractions. 

Task 4. Converting a mixed number 
b

a
c  to an 

ordinary fraction: 

Choose one of the options: 

1) 
b

ac 
; 2) 

b

accb 
; 3) 

b

acb 
; 4) 

bc

ac




; 5) 

cb

acb 
. 

CONTROL PRACTICAL TEST 

Content organization: it contains 10 closed-type 

tasks (choosing one correct answer, choosing several 

correct answers) and open-type tasks (entering the 

answer into the field); checking the system of 

knowledge, skills and abilities of all subsections of 

the training module (the concept of an ordinary 

fraction, actions with ordinary fractions, mixed 

numbers). 

The content of the Practical Test (fragment). 

Task 1. It is true that: 

Choose several answers: 

1) 
17

15

17

13
 ; 2) 

8

13

17

13
 ; 3) 

125

15
1 ; 4) 1

107

130


; 5) 
19

2
3

19

8
2  . 
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Task 2. The root of the equation 

15

2

15

3

15

9
1  








x  is: 

Choose one of the options: 

1) 
15

3
; 2) 

15

19
; 3) 

15

8
; 4) 

15

6
; 5) 

17

6
. 

Task 3. Cookies, gingerbread and sweets were 

brought to the store. The candies made up 
12

5
, and 

there was gingerbread 
12

3
 imported goods. Since the 

cookies were brought 60 kg, the amount of goods (in 

kilograms) brought to the store is equal to: 

Enter the answer in the field ______ 

Task 4. The product of all natural values of a, at 

which the fraction 
65

17

a
 will be improper, is equal 

to: 

Enter the answer in the field ______ 

4 DISCUSSION 

The QualiMe virtual educational environment is 

publicly available and everyone around the world can 

use its resources for free. The importance of such 

development is confirmed by analytical data. 

Considering that all traffic is organic, we are seeing a 

significant increase in users. For example, in 2021, 

the number of site users averaged 2,900 people per 

day with a peak of 4,267 people per day. In 2022, the 

total number of users of only two resources 

QualiHelpy and QualiTesty was 62,100 people, of 

which 50,400 people turned out to be new visitors. 

The average number of users per month was 5,170, 

and in November and December 2022, 14,000 and 

17,300, respectively. This proves the readiness of the 

educational system to transform into a virtual 

educational environment. Consequently, the goals 

and objectives of our research have been achieved. 

5 CONCLUSION 

The QualiMe interactive educational environment 

satisfies the criterion of productivity of the process of 

teaching mathematics as it provides: obtaining an 

educational product of any quantity and quality 

within the stipulated limits; the technology of 

achieving success in all cases remains unchanged; the 

training is based on scientific achievements of 

pedagogy and methods of teaching mathematics; it is 

feasible for students of any age and for any level of 

initial training; suitable for all classes and types of 

educational institutions; does not require expensive 

equipment, is in the open access; allows continuous 

change and expansion of content taking into account 

changing educational standards, improvement and 

rationalization of teaching tools and methods. 
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