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The rapid growth and emergence of break-
through technologies in the information and 
communication field requires annual adjust-
ment and modernization of curricula for spe-
cialization disciplines in accordance with the 
current market requirements. A method of 
prompt response of the educational environ-
ment to the requirements of the external envi-
ronment, based on the creation of a pool of 
demanded learning outcomes, is proposed. The 
object of the research is the process of forma-
tion of the required content of specialization 
disciplines.

A formalized method for forming the con-
tent of educational disciplines of specialization 
of maximum utility for implementation in the 
professional field is described based on expert 
assessments of representatives of the job mar-
ket. An algorithm for finding a set of learn-
ing outcomes for the identified conditions was 
devised. A software tool that includes a data-
base and two components: a web interface for 
collecting and primary processing of informa-
tion and a C++ program module for automat-
ing the main algorithm was developed. The 
result of the software tool is a pool of learning 
outcomes recommended for implementation in 
the content of the educational program.

The results of an experimental study based 
on test data, which proved the accuracy of the 
calculations of the software component, were 
presented. Verification of data in the area of 
web technologies and web programming made 
it possible to identify a list of learning outcomes 
for implementation in the educational program 
«Information Systems». The algorithm deve-
loped as a result of research can be used to form 
the demanded content of elements of educa-
tional programs in any industry. It is supposed 
to develop the proposed method when creating 
interactive training programs on the techno-
logical processes of aircraft repair at the enter-
prises of the aviation industry
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1. Introduction

Within the framework of higher education, the term 
«competency» is presented in the form of a complex of abi-
lities, interpersonal and intellectual knowledge, instrumental 
skills, and ethical attitudes. The whole complex is generated 
in the process of all forms of educational activity of a stu-
dent in various sets of incoming elements. In this regard, 
it is quite difficult to correlate competencies with parts of 

the curriculum of educational programs. Within the frame-
work of the European Higher Education Space, the term 
«competency» increasingly refers to the professional activity 
of a graduate after graduation, directly at the workplace. 
In the course of completing an educational program, the 
teacher deals with planning and control of specific learning 
outcomes for separate components of the curriculum, rather 
than with the formation of competencies themselves [1]. The 
same presentation structure is proposed in the materials of  
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the international project «Tuning Educational Structures  
in Europe» [2].

Consequently, there is a clear distinction between learning 
outcomes throughout the educational program, which are 
expressed in the form of competencies, and learning outcomes 
in separate components of the curriculum, which are expressed 
in the traditional format of knowledge, habits, and skills [3]. 
In Kazakhstan (National Chamber of Entrepreneurs «Atame-
ken» [4]) and Russia (Association of Classical Universities of 
Russia, ACUR [5]), competency maps that contain characte-
ristics of competencies and tables for correlating certain levels 
of this competency with specific habits, knowledge, and skills, 
are devised Competencies can be adequately assessed only in 
the process of State final certification. However, completion of 
the elements of educational programs by specialization is best 
represented in the form of learning outcomes.

The existing guidelines for designing educational programs 
recommend conducting a preliminary survey and analysis of 
the wishes of potential employers, as, for example, it is presen-
ted in paper [6]. However, the work in accordance with the 
published recommendations is a long and time-consuming 
process, the successful completion of which depends on the pro-
fessional skills of an analyst-developer of educational programs.

In addition, in the modern job market, there is a sufficient 
number of industries and spheres characterized by a fairly 
frequent update of the required professional knowledge, 
habits, and skills. Basically, these industries are associated 
with new technologies, equipment, and software. A special 
place here is occupied by the IT field. The requirements of 
the job market in the IT industry are changing dynamically 
due to the development and emergence of new information 
and communication technologies. New requirements are 
a prerequisite for increased competition and work intensifi-
cation. Annual adjustment/modernization of curricula in the 
disciplines of specialization in accordance with the current 
requirements of the market is required.

Thus, there appeared a need to develop a formalized 
method for the formation of the content of academic specia-
lization disciplines of maximum utility for the implementa-
tion in the professional field. By «utility», we will imply the 
choice for educational programs of the pool of learning out-
comes that are most demanded among various participants of 
the job market of the same specialization. Automation of the 
process of collecting data on learning outcomes demanded in 
the external environment, data processing and analysis will 
help to control the relevance of specialization disciplines. 
Such a solution will provide an opportunity for timely man-
agement of the content of academic disciplines.

2. Literature review and problem statement

Paper [7] deals with the problem that technological uni-
versities are lagging behind the level of development of the 
IT industry. It was shown that it is possible to ensure ef-
fective training of future IT specialists only with the active 
cooperation of IT companies and IT faculties. The proposed 
solution includes a model for integrating Microsoft resources 
and services into the academic process. The drawback of the 
proposed model is that it is focused on the specific Microsoft 
company, there is no possibility of using the model to organize 
cooperation with other IT companies.

Scientists in many countries are concerned about the 
adaptation of the higher education system to the changing 

economic environment. Collection [8] contains the most ex-
tensive overview of the studied area. It presents essays by  
17 authors, which include approaches and studies of the 
problem of graduates’ employment in a changing job market. 
On the whole, these studies prove the fact that now there is 
an increased interest in the degree of so-called «readiness for 
work» and point out the importance of sustainable access to 
the job market. However, these works do not present any for-
malized approaches to the organization of the relationship of 
educational programs with the job market.

According to the authors [9], career prospects and «align-
ment of education and the future job market» have become 
more uncertain, individual career paths have become less 
stable, and graduates should be prepared for this new envi-
ronment. This means that people must be able to continuously 
perform, acquire or create work, using their competencies in 
an optimal way [10] in order to enter the labor market sus-
tainably. The indicator for measuring employment opportu-
nities was proposed in article [10]. This indicator is based on 
a five-dimensional conceptualization of employment oppor-
tunities, in which professional knowledge is complemented 
by general competencies. The tool may be of interest in the 
matter of personnel hiring. The disadvantage of the proposed 
tool is its one-way orientation, there is no feedback from an 
educational institution. 

Educational programs need to be constantly reviewed 
due to the rapidly changing job market and assess their 
relevance, as is stated in research [11]. In this regard, there 
appeared the need to make changes to educational programs. 
The proof of this statement is presented in paper [12], which 
also considers the approach to planning changes in educa-
tional programs, but this approach is not formalized.

Educational institutions should analyze the job market 
in order to monitor its changes and requirements. To ensure 
sustainable entry into this job market, it is necessary to 
conti nuously invest in improving the alignment between 
the ne cessary skills of students and higher education pro-
grams [13]. In addition, study [13] mentions that an import-
ant para meter of the quality of higher education is the quality 
of the achieved results, which makes it possible to use the 
results of learning as the main tool in the formation of the 
content of educational programs. Papers [14–16] showed the 
formation and assessment of competencies in the process of 
completing educational programs. The works are similar con-
ceptually and in the methods of solutions, they are based on 
the competency model. However, the competency model was 
only partially able to assess the level of quality of their higher 
education by graduates. In addition, the proposed solutions 
are poorly formalized and time-consuming.

Modeling of the educational process based on learning 
outcomes is presented in paper [17]. The model uses the 
distinction between predictable and unpredictable learning 
outcomes, as well as the distinction between desirable and 
undesirable ones. The resulting report is intended to help 
understand the nature and proper use of learning outcomes 
in teaching and learning. However, the proposed model does 
not trace the connection with the requirements of the exter-
nal environment.

Paper [18] solved the problem of increasing the functio-
nal efficiency of machine learning of the information and ana-
lytical system for assessing compliance with modern require-
ments of the content of academic disciplines of the Bachelor’s 
level using an example of the speciality «Cybersecurity». The 
devised method allows the graduating department of a higher  
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education institution to assess the compliance of educational  
content with modern requirements by machine analysis of 
the results of a survey of respondents in the monitoring mode. 
However, this method does not consider the method for 
changing the content of the educational program in the event 
of an unsatisfactory external assessment. 

There are various approaches to developing the best con-
tent of educational programs, for example:

– paper [19] proposed the guidelines on the improvement 
of programs of social and technical colleges; 

– the authors of paper [20] consider effective methods of 
developing educational programs; 

– article [21] described the system of development and 
evaluation of educational programs.

All the considered approaches were presented in the form 
of weakly formalized recommendations. This complicates the 
process of developing the content of educational programs 
and does not make it possible to respond promptly to the 
requirements of the external environment. In the existing 
guidelines for designing educational programs, it is recom-
mended to conduct a preliminary survey and analysis of the 
wishes of potential employers. However, working in accor-
dance with the published recommendations is a long and 
time-consuming process, the successful completion of which 
depends on the professional skills of an analyst-developer of 
educational programs.

Thus, the analysis of literary data showed that currently:
– here is no formalized method for developing an educa-

tional program relevant to the modern job market; 
– there is no automated way to generate the optimal set 

of learning outcomes that are most useful and demanded in 
the professional field

All this makes it possible to assert that it is appropriate 
to conduct research into the formalization and automation of 
the method for forming the content of educational disciplines 
of specialization of maximum utility.

3. The aim and objectives of the study

The purpose of this study is to develop an automated 
method for the formation of the content of academic dis-
ciplines of specialization of maximum utility in terms of 
current market requirements. This will allow an educational 
institution to respond promptly to the requirements of the 
external environment in the field of the content of educatio-
nal programs in the areas of specialization.

To achieve the aim, the following tasks were set:
– to perform structural and logical modeling of the pro-

cess of formation of the content of specialization disciplines 
as a result of cooperation between IT faculties and IT compa-
nies, based on learning outcomes;

– to formalize the main provisions and develop an al-
gorithm for an automated method for forming the most de-
manded content of specialization disciplines;

– to verify the method on the example of specialization 
of IT specialists in the field of web technologies and web 
programming.

4. The study materials and methods

This paper is applied research that has a social and scien-
tific-technical aspect. The social aspect involves the estab-

lishment of an operational link between the production base 
and an educational institution. The scientific and technical 
aspect requires the development of a formalized method for 
the formation of the demanded content of the elements of the 
educational program.

The object of the study is the process of forming the 
content of academic disciplines of specialization of maximum 
utility from the point of view of the current requirements of 
the market. The speed and volume of the information flow 
in education and in any professional activity are rapidly 
increasing, existing educational materials need to be supple-
mented with real-time information to prepare students to 
solve current practical problems. The main hypothesis of the 
study is that it is possible to automate the process of selection 
of the most relevant areas in the professional field for the 
content of educational programs.

The best method for conveying the concept of solving the 
problem is modeling. Process modeling is an integral part of 
the study, which makes it possible to decompose the subject 
area, show the implementation of the stages of the process 
from the point of view of an external observer. The theoreti-
cal significance of process modeling lies in the explanation of 
key concepts used for further formalization and development. 
To implement this task, a structural and logical scheme was 
chosen as a tool.

A structural and logical scheme is a graphical model that 
displays key concepts located in a certain logical sequence 
that makes it possible to present the object under study in an 
integrated form [22].

The second task of the study was solved by presenting 
the problem in the form of a formal system. To formalize the 
main provisions, it was decided to use the apparatus of ma-
trix algebra, which can most successfully show the pairwise 
interaction of all learning outcomes. To visualize the method 
of formation of the content of educational disciplines of spe-
cialization of maximum utility, it was decided to use elements 
of the graph theory.

To solve the third problem of the study, a two-component 
software was developed. This is due to the fact that prelimi-
nary remote data collection from experts can be indefinitely 
stretched over time. Since the data from the job market are 
collected remotely, the corresponding component was devel-
oped in the form of a client-server application written in the 
php programming language. Data storage is implemented in 
the MySQL relational database. The best solution for data 
analysis is to develop a component in the C++ programming 
language that will ensure the most efficient performance of 
the algorithm. It was decided to carry out preliminary appro-
bation of the method at the Department of Information and 
Communication Technologies of the North Kazakhstan Uni-
versity named after M. Kozybayev (Republic of Kazakhstan) 
on the example of specialization of IT specialists in the field 
of web-technologies and web-programming.

5. Results of the study of the method for the formation  
of the content of academic disciplines of specialization  

of maximum utility 

5. 1. Structural and logical modeling of the process of 
formation of the content of disciplines of specialization  
of maximum utility for market requirements

The process of forming the content of educational disci-
plines of specialization of maximum utility from the point of  



Mathematics and Cybernetics – applied aspects 

67

view of the current requirements of the market involves the 
implementation of the following obligatory stages:

1) to form a list of the most useful learning outcomes for 
disciplines of specialization in the result of cooperation of the 
IT faculty and IT-company; 

2) to form the content of educational specialization disci-
plines of maximum utility for potential employers taking into 
account the temporal limitations of the educational program.

The preparatory stage of modeling involves making agree-
ments on the used terms and designations. The key concept 
of the model is learning outcomes. Learning outcomes are 
acquired knowledge, habits, skills, and formed competencies; 
what a student will know, understand and be able to do af-
ter successful completion of the learning process. The term 
«learning outcome» was officially used for the first time in the 
documents of the Bologna Process in 2003 in the communiqu  
of the Berlin Conference of Ministers of Education [23].

Modeling of the process of formation of the demanded 
content of disciplines of specialization is realized in the form 
of a structural and logical scheme shown in Fig. 1.

The subjects interacting with the key concept of the 
«learning outcome» will be defined by the terms «expert» and 
«moderator». An expert is a subject who has reliable informa-
tion about the professional skills of a graduate of an educatio-
nal institution demanded at an enterprise. It is assumed that 
the number of experts is a finite, limited set. The term «mo-
derator» defines an experienced employee of an educational in-
stitution, an expert in the content of specialization disciplines.

The set of learning outcomes in the specialization area is re-
plenished by experts from the established set. Each expert estab-
lished a utility score for each outcome. A moderator assigns the 
optimal time required to achieve a particular learning outcome 
and also establishes prerequisite links between different results.

As a result of processing all the presented input parame-
ters, we form a group of useful learning outcomes, for which 
the time spent to achieve each of them and the causal rela-
tionships between them are known.

5. 2. Formalization of the main provisions and develop-
ment of an algorithm for finding a pool of useful outcomes

For a formalized description of the method for the forma-
tion of the content of academic disciplines of specialization 

of maximum utility in the professional field, the following 
designations were introduced:

– n is the number of learning outcomes in the list eva-
luated by experts; 

– V = (V1,V2,…,Vn) is the vector of scores of the utility of 
each learning outcome based on processing the experts’ scores;  

– R = (R1,R2,..,Rn)T is the outcomes themselves, each in-
stance of which has correspondence ∀ =i n1..  R Vi i↔  and is 
represented in the form of Ri = (r1,r2,…,rn), where
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T = (t1,t2,…,tn) is the optimal time to achieve the learning 
outcome established by a moderator ∀ = ↔i n t Ri i1.. ;,  Ts is 
the total academic hours allocated to study a specialization 
discipline; m is the number of experts related to an educatio-
nal institution; Id = (Id1,Id2,…,Idm) contains the potential num-
ber of vacancies at the enterprise of an expert in the analyzed 
specialization in the long-term forecast and thus determines 
the significance of the scores of the relevant expert;
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Based on the introduced designations, the problem of 
choosing the most useful learning outcomes was stated 
mathematically. In the problem statement, it is necessary to 

take into consideration the formation of the 
utility score of each learning outcome based on 
the experts’ scores and their significance. It is 
proposed to calculate the utility score from (1):
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Thus, the system (2), reflecting the mathema-
tical statement of the optimal choice of learning 
outcomes with the maximum total utility score 
was obtained. A limitation for solution in the form 
of the value of the sum of academic hours alloca ted 
to study specialization disciplines was imposed.
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It should be noted that Rres by coefficient ai = 1 determi-
nes the output list of learning outcomes of maximum utility 
included in the content of the educational program. 

The following algorithm to find a set of learning out-
comes Rres according to the conditions determined by the 
system (2) was devised.

 Learning outcome R1

 Learning outcome R2

 Learning outcome RN

 Expert 1

 Expert 2

 Expert M

Assessment of the 
outcome utility Moderator

Minimum time to 
achieve the outcome

 

 Useful learning outcome R1'
 Useful learning outcome R2'

 Useful learning outcome Rp'

Content of specialization discipline

Prerequisite
. . .

. . .

. . .

 

Fig.	1.	Structural	and	logical	scheme	of	the	process	of	formation	of	
demanded	content	of	specialization	disciplines
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Step 1. Assessment of the utility of each learning out-
come, calculated from formula (1), is replaced by the value of 
effectiveness of each learning outcome. Effectiveness shows 
the utility of a learning outcome per unit of an academic hour 
and is calculated from (3):

∀ ∈r Ri i ,  r
r
ti

i

i

= ,  i n= 1.. .  (3)

Step 2. The set of graphs, the nodes of which are learning 
outcomes, and the arcs show the prerequisite connections 
specified by a moderator, is plotted. 

Step 3. For each node from the set of the graph, the accu-
mulated value for effectiveness for all prerequisites up to the 
element that has no prerequisite is assigned to the accumu-
lated value of the time spent to study for the same elements:
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Step 4. In accordance with the established conditions (2), 
learning outcome Rd with maximum effectiveness and the 
total time of which does not exceed assigned Ts for all specia-
lization disciplines is chosen.

Step 5. For element Rd, found at Step 4, establish the va-
lue of coefficient ad = 1.

Step 6. The accumulated sums of effectiveness and the 
time to study for each element, excluding the values of the 
elements included in the chain, are recalculated:
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Step 7. Step 4, Step 5, Step 6 are repeated sequentially 
until there are elements Rd, meeting conditions (1). 

Visualization of the described method involves plotting  
a set of graphs, the nodes of which are learning outcomes, and 
the arcs show the prerequisite relations indicated by a mo-
derator. A prerequisite relationship means that the achieve-
ment of a subsequent learning outcome is possible only if the 
previous result is achieved.

The rules for establishing causal relationships between 
learning outcomes were determined. The fundamental in-
dicator for analysis is determining a prerequisite for each 
learning outcome. When forming relationships, it is possible 
to obtain various, and even unrelated, structures in the form 
of graphs. Examples of possible relationships between nodes 
are shown in Fig. 2.

Variant (а) describes the case of unrelated learning out-
comes. In case (b), learning outcome R3 is supposed to be 
achieved only after achieving outcome R2, which, in turn, is  
a consequence of achieving outcome R1. In case (c), the 
dependence of R2 and R3 on R1 and independence on each 

other is demonstrated. Case (d) demonstrates the direct 
dependence of R3 on R1 and R2. Variant (e) demonstrates the 
dependence of a node on a previous node.

The resulting group of unrelated graphs will allow proving 
the reliability of the obtained results thanks to visualization.

5. 3. Verification of the method using an example of 
specialization of IT specialists in the field of web-techno-
logies and web-programming

The method for forming the content of educational disci-
plines of specialization of maximum utility will best contribute 
to the confirmation of the social «order» for a program, its rele-
vance under modern conditions. Preliminary approbation of the 
method was made on the example of specialization of IT specia-
lists in the field of web technologies and web programming. To 
organize the experiment, five experts in this field were selected 
in Petropavlovsk (Republic of Kazakhstan), where the univer-
sity is located. Table 1 shows a fragment of the collected data 
and primary calculations (utility of each element is calculated 
according to (1), effectiveness is calculated according to (3)).

According to the experimental data, based on the estab-
lished rules, two unrelated graphs, the scheme of which is 
shown in Fig. 3, were identified.

For each node from the set of the graph, we calculated 
the accumulated efficiency value for all prerequisites up to 
an element that does not have a prerequisite and the accu-
mulated value of time spent to learn by the same elements 
in accordance with (4). It should be pointed out that in the 
excluding relations, the data of the preceding node with the 
value of maximum effectiveness are taken into account for 
calculation in the accumulated values. In Fig. 3, calculations 
are indicated by the designation {accumulated value of effec-
tiveness; accumulated time value}.

A moderator set the time for the disciplines of speciali-
zation Ts = 345 academic hours excluding hours for indepen-
dent work of students. Thus, as a result of the first iteration,  
a related chain of learning outcomes R1, R2, R6, R12, R18, R19, 
recommended for inclusion in the content of academic disci-
plines as the most useful, was obtained. The last element in 
the chain (R19) shows the total academic hours required to 
achieve all the outcomes from the resulting chain.

After completion of the first iteration, the original Ts is 
replaced with a new value, which is calculated by reducing 
the original one by the maximum value of the total time from 
the found chain.

The result of the second iteration is implemented in Fig. 4.
For each node of the graphs that is not included in the 

found chain R1, R2, R6, R12, R18, R19, the accumulated sum of 
effectiveness and time to study for each element is recalcula-
ted in accordance with (5). Since residue Ts is not significant, 
only one node R24 is included in the recommended learning 
outcomes in the second iteration.

R1

R2

R3      
R1 R2 R3     

R1
R2

R3   

R1

R2
R3

 

R1

R2
R3

 
   а																									b																														c                           d                              	e

Fig.	2.	Examples	of	possible	relationships	between	learning	outcomes:		
a –	unrelated	learning	outcomes;	b	–	sequential	relation; c	–	conditionally	parallel	relation;	d	–	aggregating	relation;  

e	–	excluding	relation



Mathematics and Cybernetics – applied aspects 

69

Table	1	

Fragment	of	collected	data	and	primary	calculations	for	the	method	of	formation	of	the	content		
of	academic	disciplines	of	specialization	of	maximum	utility

Identifier (learning outcome)  

Results of the expert survey on 
the importance of learning out-

comes, expert number (Id value)
Utili-
ty, V

Learn-
ing 

time, T

Prerequi-
sites of 

learning 
outcome

Effec-
tive-
ness, 
V/T1 (4) 2 (1) 3 (1) 4 (1) 5 (1)

R1 (habits and skills of web-development using HTML, HTML5 
languages) 

10 10 10 10 10 10.00 60 – 0.167

R2 (habits and skills of working with CSS, CSS3) 10 10 10 10 10 10.00 60 R1 0.167

R3 (habits and skills of using Photoshop) 7 5 5 0 8 5.75 45 – 0.128

R4 (habits and skills of using Figma) 0 5 5 6 0 2.00 45 – 0.044

R5 (habits and skills of developing UI/UX) 8 8 8 8 8 8.00 60 R3|R4 0.133

R6 (habits and skills of solving typical problems using JavaScript) 10 10 10 10 10 10.00 60 R1⋅R2 0.167

R7 (habits and skills of ООP в web-applications) 10 7 8 10 9 9.25 45 R6 0.206

R8 (habits and skills of solving typical problems using Jquery) 10 7 7 7 8 8.63 30 R1⋅R2⋅R6 0.288

R9 (habits and skills of working in NodeJS environment) 3 4 4 0 10 3.75 75 R5⋅R6⋅R15 0.050

R10 (habits and skills of solving typical problems using TypeScript) 5 0 0 0 3 2.88 30 R6 0.096

…

R37 (habits and skills of using NET framework, ASP.NET MVC) 0 0 0 10 0 1.25 60 R1⋅R2⋅R16 0.021
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Fig.	3.	Finding	the	chain	of	maximum	utility	within	Ts = 345

As a result of approbation of the method for the formation 
of the content of disciplines of maximum utility on experi-
mental data, seven learning outcomes of maximum utility 
recommended for inclusion in the curriculum were obtained. 
It should be noted that six of them must be studied sequen-
tially and one outcome can be included in the curriculum at 
any time. In this case, the outcome was obtained in two iter-
ations using the full use of Ts time. However, at other original 
data, the number of iterations may be higher, and time may 
be not fully included.

The presented formalized description of the method 
for the formation of the content of educational disciplines 
of specialization of maximum utility for implementation in 
the professional field allowed automating it in the form of  
a two-component software tool.

The first component is a web interface for the remote 
interviewing of experts. The collected data are placed in the 
MySQL database. The structure of the database provides for 
the storage of information in all areas of specialization exist-
ing in an educational institution.
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The first component of the software tool, implemented in 
the form of a web interface, performs the work of the prelim-
inary stage, which includes the following actions:

– a moderator enters the information on the experts, in-
cluding the specified identifier of an expert; 

– experts edit the list of learning outcomes by the area of 
specialization; 

– experts give the utility scores of each learning outcome 
from the list;

– automatic editing of the list of learning outcomes, de-
letion of the elements with zero scores given by all experts; 

– a moderator enters the optimal time to achieve the 
learning outcome for each from the list; 

– a moderator determines prerequisites for each learning 
outcome, indicating the type of relation (sequential, aggre-
gating, or excluding);

– automatic calculation of the utility score of each learn-
ing outcome from (1) and its saving in the database;

– automatic calculation of the effectiveness of each learn-
ing outcome according to (3) and saving it in the database.

The second component of the software tool is designed to 
generate automatically a list of the most useful learning out-
comes in accordance with the rules presented in the system (2). 
It is implemented using the C++ programming language. The 
possibility of the existence of five different types of relations in 
the construction of graphs of relationships between the elements 
makes it difficult to use the known algorithms and data structures 
in the research. That is why to implement data processing and 
analysis, it was decided to use a square matrix, the size of which 
corresponds to the number of learning outcomes in the list. Each 
element of the matrix is a learning outcome, programmatically 
implemented in the form of a structure with the following areas:

– identifier of the learning outcome; 
– name of the learning outcome; 
– optimal time to achieve the outcome; 
– the accumulated sum of time with the initial value 

equal to the previous element;

– effectiveness of the learning outcome; 
– the accumulated sum of effectiveness with an initial 

value equal to the previous element; 
– a two-dimensional array, in the first line of which the 

identifiers of prerequisites are indicated, and in the second 
line – the type of relation with the prerequisite; 

– flag of including the learning outcome in the final list of 
the most useful elements, false by default.

Thus, the work of the second component of the software 
tool consists of sequential performing the following actions:

1) to request to read information from database tables; 
2) to generate a matrix in which diagonal elements are 

filled with the data of the corresponding identifier of the 
learning outcome; 

3) to establish the element of prerequisite, the identifier of 
which corresponds to the number of the column, for each row 
of the matrix corresponding to the basic learning outcome; 

4) to recalculate the accumulated sums of time and effec-
tiveness for each non-empty element of the matrix with the 
value of the inclusion flag false; 

5) to choose the element with the highest effectiveness, 
close to the original by time; 

6) in the entire chain of elements starting from the found 
one, to establish the truth of the inclusion flag true and to 
reduce the value of original time by the magnitude of the 
accumulated sum of time; 

7) to perform actions 3–5 until the element within the 
original time is found.

6. Discussion of results of studying the method  
for the formation of the content of academic disciplines  

of specialization of maximum utility

At the first stage of the study, we performed structural 
and logical modeling of the process of forming the demanded 
content of specialization disciplines, which actually illus-

Fig.	4.	Finding	the	chain	of	maximum	utility	within	Ts = 345–330 = 15
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trates the stages of the implementation of the method of the 
same name (Fig. 1). The presented model demonstrates the 
interaction of an educational institution with representatives 
of enterprises within the set goal. Thus, it was determined 
that 2 types of subjects participate in the process: «a mode-
rator», as a representative of an educational institution, and 
a set of «experts» – representatives of the job market. As  
a result of modeling, 3 main parameters that help to identify 
useful learning outcomes were obtained: experts set a utility 
score for each learning outcome, and a moderator sets pre-
requisites and minimum time to achieve each outcome. The 
structural and logical model served as the basis for the next 
task – formalization.

At Stage 2, a formalized setting of the problem of choos-
ing the most useful learning outcomes in the form of a sys-
tem of conditions (2) was performed. The introduction of 
the methods for quantitative assessment can be considered  
a special achievement of this study:

– utility of (demand for) learning outcomes in the exter-
nal environment (1); 

– effectiveness of each outcome (3), i.e. its utility per unit 
of selected time.

To illustrate the «manual» calculation, the visualization 
method in the form of a set of graphs, the nodes of which are 
learning outcomes, was proposed. The prerequisite relations 
of 37 learning outcomes from the field of web technology 
and programming, 35 from the field of information systems 
design, 21 from the field of 3D modeling and virtual reality 
were analyzed. Analysis revealed 5 types of possible relations 
between learning outcomes, presented in Fig. 2. It is possible 
that in other specializations, there will be different combina-
tions of presented relations. However, in general, this does 
not affect the calculations of the method under consider-
ation, so the issue of studying combined relations was not 
considered in this article.

As a result of formalization, an algorithm, which is a good 
basis for further automation, was obtained. Software imple-
mentation of any algorithm is necessarily accompanied by 
making verification tests. The number of learning outcomes 
in the test is limited to 50 since in three specializations of the 
IT area, the maximum number of learning outcomes is 37.  
In addition, «manual» calculations for a large number of 
values are time-consuming. For each test, we made a table 
modeled by Table 1, where the scores of each expert, prere-
quisites, and learning time were randomly determined. The 
characteristics of compiled tests and the time to complete the 
program for each test are shown in Table 2.

«Manual» and automated calculations on the developed 
tests by 100 % proved the accuracy of the calculations of 
the software component. The program time of the execution 
of the algorithm implemented in C++ showed a sequential 
increase depending on the amount of processed data. The va-
lues of algorithm execution time indicate that more research 
is needed to optimize the algorithm.

The experiment with actual data from experts in the 
field of specialization of web technologies and web program-
ming enabled obtaining the list of 7 learning outcomes from  
37 initial ones. Five selected experts formed a list of 37 learn-
ing outcomes and determined the scores for each outcome. 
The moderator indicated a list of prerequisites and the op-
timal study time for each learning outcome. The obtained 
demanded results in the North Kazakhstan region can be 
included as a specialization in the educational program «In-
formation Systems».

Table	2	

Characteristics	of	verification	tests

Test 
identi-

fier

Number  
of learning 
outcomes

Number  
of experts (Id values)

Time to 
perform the 
algorithm, s  

Test 1 10 5 (1; 1; 1; 1; 1) 36.7

Test 2 10 5 (7; 3; 2; 1; 1) 31.5

Test 3 10 10 (10; 7; 7; 4; 2; 2; 2; 1; 1; 1) 40.3

Test 4 20 5 (1; 1; 1; 1; 1) 62

Test 5 20 5 (7; 3; 2; 1; 1) 63.9

Test 6 20 10 (10; 7; 7; 4; 2; 2; 2; 1; 1; 1) 69.8

Test 7 30 5 (1; 1; 1; 1; 1) 80.6

Test 8 30 5 (7; 3; 2; 1; 1) 80.5

Test 9 30 10 (10; 7; 7; 4; 2; 2; 2; 1; 1; 1) 86.2

Test 10 40 5 (1; 1; 1; 1; 1) 94.1

Test 11 40 5 (7; 3; 2; 1; 1) 93.9

Test 12 40 10 (10; 7; 7; 4; 2; 2; 2; 1; 1; 1) 99.7

Test 13 50 5 (1; 1; 1; 1; 1) 160.3

Test 14 50 5 (7; 3; 2; 1; 1) 161.9

Test 15 50 10 (10; 7; 7; 4; 2; 2; 2; 1; 1; 1) 169.3

The main achievement of the study is the data analysis 
method, which allows, based on software processing of input 
parameters, obtaining the desired list of learning outcomes 
for educational programs. The specific feature of the pro-
posed method is the possibility of automation, which will 
effectively control the process of tuning/modernizing the 
content of educational programs. Taking into consideration 
recent trends, the method is based on the relationship of 
learning outcomes. However, this is not a limitation or 
a significant drawback, since, with a little refinement, the 
algorithm can work with competency terms.

The limitation of the method for the formation of the 
most demanded content of specialization disciplines is the 
dependence on expert assessments. Methods of expert assess-
ments have long been successfully adopted for decision-mak-
ing in various fields, but there is a related task – the selection 
of experts. In the context of this study, the selection of the 
quantitative and qualitative group of experts should be made 
taking into consideration the scope of the study and the reli-
ability of the estimates.

The scope determines the need to involve in the examina-
tion the specialists from one region or several regions of the 
country, depending on the supposed area of the job market 
for graduates of an educational institution. The best solution 
for an educational institution when choosing the number of 
experts can be considered compliance with the condition: 

value Id j
j

m

=
∑

1

 must exceed the predicted number of graduates 

of a specialization.
The reliability of the assessments of the study group 

depends on the level of knowledge of separate experts. Thus, 
an unsuccessful selection of an expert group may adversely 
affect the results of the proposed method.

The direction of further research is focused on optimizing 
the automated algorithm for finding useful learning out-
comes, as well as the methods for automated distribution of 
the results obtained in specialization disciplines during the 
entire period of study at a university. The proposed method 
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is supposed to be developed in the field of devising the ele-
ments of new educational programs, in particular, in the use 
of 3D modeling technologies and virtual reality. The research 
results will be tested when creating interactive training pro-
grams on technological processes of aircraft repair at enter-
prises of the aviation industry.

7. Conclusions

1. Modeling of the process of formation of the demanded 
content of disciplines of specialization was carried out. As 
a result of modeling, a structural and logical scheme was 
constructed. The scheme displays the relationships of the 
subjects of the process with the objects of control – «learn-
ing outcomes». Thanks to modeling, the main provisions of 
the studied process were determined. 3 parameters affecting 
the choice of the most useful learning outcomes were iden-
tified: expert assessments, prerequisites, and minimum time 
required to achieve each learning outcome.

2. The formalization of the method for the formation of 
the most demanded content of specialization disciplines was 
implemented. To formalize the main provisions, the appara-
tus of matrix algebra was used. The formula for assessing the 
utility of each learning outcome, defined as the arithmetic 
weighted mean of a set of expert scores with the weights that 
assign the significance of each expert, was obtained. The pro-
cess of finding a set of the most demanded learning outcomes 
based on analysis of input parameters was implemented in 
the form of an algorithm. The algorithm reflects the optimal 
solution for the choice of learning outcomes with the maxi-
mum total utility score, limited by the total time allocated 
for specialization training. An indicator of the effectiveness of  
a learning outcome result for its inclusion in the educational 
program, which is a utility score per unit of an academic hour, 
was found. We proposed the method of visualizing the oper-
ation of the developed algorithm by plotting a set of related 
graphs of a special shape due to the existence of a non-trivial 
type of relationship – an excluding relation. In total, 5 possi-
ble types of relations between the nodes of graphs – learning 
outcomes – were determined.

3. An experimental study of the operability of the me-
thod for forming the content of academic disciplines on the 
example of specialization of IT specialists in the field of web 
technologies and web programming was carried out. The 
input parameters from the participating actors (experts and 
moderator) were selected online. For this purpose, a client- 
server application, including interfaces for an expert and 
a moderator, implemented in the php programming lan-
guage, was developed. All analyzed information is placed 
in the MySQL database. Data processing and analysis were 
performed in two ways. First, «manual» calculations were 
performed using visualization in the form of graphs. The 
method for plotting the graphs of learning outcomes and the 
mechanism for finding a solution for them were shown. Then 
the algorithm for finding the list of the most useful learning 
outcomes was automated by implementing the software com-
ponent in the C++ programming language. Verification of the 
accuracy of the program component execution was proved by 
performing 15 test data with a maximum number of learning 
outcomes of 50. Thus, a two-component software, which is an 
automation of the method stated in the article was obtained. 
The experiment with actual data from the experts in the field 
of specialization of web technologies and web programming 
made it possible to obtain a list of 7 learning outcomes from 
37 initial ones. The resulting list is a recommendation for 
inclusion in the educational program. The conducted expe-
riments on actual data showed the viability of the method, 
based on which it is possible to form flexibly the content of 
specialization disciplines in accordance with modern market 
requirements.
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