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Abstract

Analysis of modern publications dealing with project-based learning at the university has shown 
that they can be divided into two parts. The first part is devoted to theoretical and methodological 
issues and its authors are mainly pedagogical specialists. The second part is concrete examples of the 
application of the indicated teaching technology in various subject areas, including technical specialties. 
The literature also presents applications on the organizational and technological aspects of introducing 
project-based learning in the educational process at the university. The authors of the second part are 
teachers of specialized disciplines in the corresponding field of study (medicine, technology, creativity, 
economics, etc.). This article provides an example of the use of elements of project-based education 
as early as in Soviet higher education when teaching students with a specialization in “Information 
Technology” and their projection on a modern educational platform. The purpose of the study is to 
consider individual methodological issues and practical recommendations for applying the project 
method for students of study profiles related to the study of disciplines focused on information systems 
(IS) design. The result of the study is to focus on the possibility of introducing project-based training 
within an interdisciplinary nature, in particular, the participation of students studying in economic 
specialties in projects for the creation of functional IS. Advice is given on the distribution of the roles 
of students and their functions in a team working on a project.
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Introduction

O
ver the past few years, two terms have 
come to be actively used in the ter-
minology of the learning process at 

all levels: “project-based learning” and “com-
petencies.” However, project-based training 
is still perceived as one of the non-traditional 
pedagogical technologies, although it is pro-
moted for widespread use, especially in the 
process of higher education [1]. There are a 
fairly large number of publications on the sub-
ject of project-based training. For example, 
in the Scientific Electronic Library (https://
elibrary.ru) as of 5 January 2020, there were 
180,649 of them.

A brief analysis of information sources on the 
indicated topics as applied to studying at a uni-
versity has shown that they reflect the follow-
ing features:

1. The main characteristics and features of 
project-based training are summarized, for 
example, in [2–4]

2. The introduction of design technology 
in the educational process is shown from the 
point of view of the priority direction of peda-
gogical activity [5]

3. Project activity is presented as the most 
popular and effective method of organizing 
work with students [3]. Moreover, this type of 
activity is not fundamentally new and in [3] 
there is a reference to the fact that the idea of 
project training arose in the United States in 
the 19th century

4. The introduction of project training for 
students is influenced by such external fac-
tors as the development of science, technol-
ogy, economics, and the organization of pro-
duction [4]

5. The design method is considered as the 
optimal means of enhancing the motivation to 
learn among modern youth [6]

6. Training based on the implementation 

of projects is treated as one of the innovative 
teaching methods [7–9]

7. Project training is presented as one of the 
interactive pedagogical technologies aimed 
at implementing a personality-oriented 
approach to teaching methods [10]

8. Examples of the application of the design 
training method are given (for example, 
in the framework of the bachelor’s degree 
in “Operation of transport-technological 
machines and complexes” [10], in the bache-
lor’s programs in robotics profile [11], in the 
discipline “Computer technologies in docu-
mentation management ”For the specialty“ 
Management (by industry) ”[1], in courses 
on power systems of the Faculty of Electro-
mechanics at the University of Colima in 
Mexico [12]), as well as the experience and 
methodological basis for the use of project 
training (for example, at the Siberian Indus-
trial University [13], in foreign practice [14]). 
Currently, there is not enough experience in 
the application of project-based instruction 
at Russian universities. Nevertheless, in par-
ticular, the Urals Federal University already 
has a certain basis in this matter and shares 
its methodological and practical achieve-
ments through online training

9. Project-based learning is understood 
as a model that is being introduced into the 
educational process instead of traditional 
teaching technology and it is fundamentally 
changing the process of getting an education 
[15]

10. Project-based learning embodies the 
idea of developmental learning [16].

1. An example  
of the use of elements  

of project-based learning  
in a technical university

Of the listed features, it is essential to men-
tion the innovative component of project-
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based learning. The term “innovation” at 
the present stage of economic development 
in relation to management practice has been 
used actively relatively recently. However, ele-
ments of project-based learning have been 
used for a long time. One example is the expe-
rience of the Irkutsk Polytechnic Institute 
(now the Irkutsk National Research Techni-
cal University), where at the Department of 
Electronics and Computer Engineering (from 
the beginning of the 1970s to the beginning of 
the 1990s) there was a branch research labo-
ratory of automated enterprise management 
systems (ONIL ASUP), which was engaged 
in the design, development and implementa-
tion of ACS (in the classic sub-systems struc-
ture) at seven enterprises in the electrical 
industry. Moreover, all design decisions were 
essentially standard and only finalized taking 
into account the specifics of each enterprise. 
In modern terminology for the implemented 
functionality, such an automated control sys-
tem partially corresponded to the set of tasks 
of the following types of systems: CAD / 
CAM + MRPII + CRM + MES + HRM + 
EAM + BI. Almost all students who studied in 
the specialties “Automated control systems” 
and “Mechanized processing of economic 
information” took part in design decisions 
for all subsystems. The participation of stu-
dents began from the 3rd year and continued 
until the writing and defense of the gradua-
tion project. After graduation, some graduates 
were hired by the laboratory. Employees of 
ONIL ASUP periodically conducted classes 
with students. Such classes could be: lec-
tures and practice in academic disciplines or 
its sections, practical classes, laboratory work. 
Collaboration was mutually beneficial. On 
the one hand, students were involved in the 
implementation of realistically implemented 
projects, learned to work in a team and even 
communicate with customers during the 
internship that took place at the same enter-
prises for which automated control systems 
were created. On the other hand, for ONIL 
ASUP there was an opportunity to attract 
additional workers and reduce the duration of 

projects. In addition, almost all teachers of the 
department also participated in projects. Over 
the 20-year history, on the basis of the topics 
of ONIL ASUP, its employees defended 19 
candidate dissertations, and subsequently this 
scientific and practical base became the basis 
for five doctoral dissertations.

Unfortunately, at the moment, such a prac-
tice rarely takes place. Now the presence in 
universities of specialized units (centers, labo-
ratories), whose activities are focused only on 
the implementation of business contracts and 
(or) grants, does not have widespread distribu-
tion.

One of the features of the design and devel-
opment of IS currently consists in the isola-
tion of this type of project activity in an inde-
pendent direction. Typically they create typed 
design solutions and adapt them to the con-
ditions of a particular enterprise by adjusting 
a set of parameters and (or) additional pro-
gramming (example – 1C:Enterprise). Now 
standard design solutions for the automation 
of management activities at the corporate level 
are offered in the market of functional software 
(software) in a modular interpretation and can 
be acquired by any interested user.

Nevertheless, the use of the principles of pro-
ject training has been preserved at the depart-
ment until now. Throughout the existence of 
the department (over 50 years), completely dif-
ferent diploma projects have always been car-
ried out. In fact, most students, starting from 
the second (or third) year, choose the topic of 
their future final qualification work (WRC) 
and, thus, all laboratory works in special dis-
ciplines is performed on a specific topic. I will 
give several topics of WRC in recent years:

 “The system of automated accounting of 
documents of the archive fund of the Rus-
sian Federation in organizations that are the 
sources of acquisition”

 “Automated system for student media 
center IRNITU”

 “Information system for the school of 
modern choreography “Steps”

 “Automated accounting system for the rat-
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ing of cultural and creative activities of stu-
dents”

 “Automated order management system 
in the dispatching service of the enterprise 
BETON-STROY”

 “Automated workplace of a customer ser-
vice manager for “1–Megamir”

 “Online service for applying for admission 
to IRNITU”.

2. Aspects of interaction  
of students of different  

profiles during  
project-based learning

In universities that train specialists in cre-
ating information systems and, for example, 
economists, projects can be joint. The inter-
action between students of different areas of 
study contributes to the development of inter-
disciplinary communication and represents a 
transdisciplinary approach [4].

Such cooperation will be useful on both 
sides. On the one hand, developers of eco-
nomic information systems will gain invalu-
able experience in communicating with real 
customers and understanding their func-
tional needs. On the other hand, students of 
economic specialties who will inevitably use 
appropriate information systems in their pro-
fessional activities will be able to learn how to 
formulate correctly their functional require-
ments. These can be requirements both for 
fundamentally new systems, and for already 
functioning systems in order to develop their 
functionality (if the project has such an ori-
entation). “Now the creation of an informa-
tion system is a task not only for programmers 
with the rare participation of management, 
but also for economic services included in the 
development of system modules” [17].

The stage of formation of functional 
requirements in the design of IS is the ini-
tial and extremely important stage. The time 

of implementation and the cost of the pro-
ject will depend on the quality of its results. 
In addition, students of an economic profile 
will take part in testing the designed IS and 
critically evaluate the proposed solutions in a 
practical, professional aspect. This, in turn, 
allows, firstly, to see the mistakes made at the 
initial stage of working with requirements. 
Secondly, to be able to test the implemented 
requirements in the conditions of the created 
software product, as well as adjust the require-
ments as necessary. Thirdly, students of eco-
nomic specialties can see instructions for 
users and recommend how to edit them, so 
that in case of problems when working with 
the system, some of them can be quickly and 
independently eliminated. Properly written 
instructions for the user are an indispensable 
assistant when working with the information 
system.

Students of economic specialties can also 
participate in a joint presentation of the pro-
ject and present it to the appropriate audience. 
Thus, the skills of a public thematic report and 
knowledge of relevant terminology from the 
field of information technology (IT) will be 
acquired.

The participation of students of economic 
specialties in IS projects will reduce the gap 
between fundamentally different subject 
areas: IT and economics. It is the different 
terminology in real projects, especially at the 
initial stage, that often leads to some prob-
lems. According to statistics, about 2/3 of 
the projects are not completed properly; for 
example, they stop ahead of schedule due to 
the fact that their continuation is inappropri-
ate, or they end with a result that the customer 
does not need.

As projects in the development of the disci-
pline “Designing information systems” can be 
selected, in particular, the following:

1. Information systems that solve a small 
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number of functional tasks that are initiated 

by third-party clients (for example, systems 

for accounting, management, analysis, cal-

culations). For such systems, there is no uni-

fied design solution in the functional soft-

ware market. Systems on the market do not 

take into account the competitive advantages 

of a particular organization. Initiatively cre-

ated systems can be designed, for example, 

to create data warehouses on the economic 

aspects of the enterprise (organization, com-

pany, large structural unit).

2. Information systems for specialized sci-

entific organizations (including scientific 

departments of universities), if such systems 

do not include algorithms related to know-

how. This may be systems designed to per-

form specialized calculations and analysis of 

the results.

3. Computer programs based on the use 

of correct algorithms, but implemented on 

obsolete instrumental base (for example, 

DBMS, programming language, information 

storage and presentation technology, inter-

face).

In [18], projects are classified by their nature 

at the macro level. According to such recom-

mendations, IS projects can be considered as:

 search (search and analysis of the suit-

ability of similar ready-made design solu-

tions)

 creative (any design of IS necessarily con-

tains elements of creativity, since in addition 

to formal algorithms it includes, for example, 

designing an interface)

 applied (IS is always created in relation to a 

specific subject area)

 role-based (team members in the project 

must have different specializations and inter-

act with each other, because in the end they 

should get one software product).

3. Features of the study  
of the discipline  

“Designing information  
systems” in the context  

of project-based learning

When studying the discipline “Designing 
information systems,” students should gain 
theoretical knowledge on the design pro-
cess as such, on methodological aspects and 
on the use of special tools, as well as acquire 
skills in creating design solutions at all stages 
of design, taking into account the compila-
tion of the related design documentation. In 
this case, two fundamental approaches to the 
study of discipline are possible.

The first approach includes the following:

 to study the theoretical foundations of IS 
design, stages (steps) of the canonical design 
process and their content, tools used in the 
design

 to acquire skills in applying the acquired 
knowledge in practice, i.e. prepare individ-
ual information systems design solutions and 
develop a computer program for them.

The second approach has the following fea-
tures:

 tools used for designing IS, as well as the-
oretical issues are studied in the framework of 
special disciplines (for example, “CASE tools,” 
“Web programming,” “Information technol-
ogy,” “Object-oriented programming,” “Net-
works and telecommunications,” “Technolo-
gies for the development of software systems,” 
“Organization of computers and networks,” 
“Data management,” “Theoretical founda-
tions of automated control,” etc.)

 in practice, perform the design of the IS 
(on an individual task) using previously stud-
ied and mastered tools, including the basic 
work for each stage, as well as programmati-
cally implement individual design solutions, 
accompanying the finished program with 
instructions for its use (for the system pro-
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grammer or administrator) and instruction for 
the end user.

If you adhere to the first approach, then stu-
dents studying the discipline “Designing infor-
mation systems” acquire a combination of dif-
ferent knowledge, abilities and skills in all the 
main aspects of project activities in relation 
to the creation of IS. A student receives some 
“starting capital.” However, the depth of devel-
opment of the material will be clearly insuffi-
cient to be ready for independent design work.

Yet, training on the basis of the first approach 
may be quite appropriate if this discipline is one 
of the curriculum disciplines in professional 
areas that are not related to the IT sphere. For 
example, training in economic specialties does 
not require deep immersion in the subject of IS 
design. However, students should have an idea 
of what needs to be considered when creating 
IS for economic purposes.

In our opinion, it is advisable to consider 
the study of the discipline “Designing infor-
mation Systems” in the framework of the sec-
ond approach, i.e. pay attention to the study 
of tools and other specialized issues within the 
framework of special disciplines which will 
allow students to gain more in-depth knowl-
edge in the relevant subject areas.

Thus, the study of the discipline “Design-
ing information systems” will be based on the 
knowledge already acquired by students, as 
well as their skills and abilities. Then interest 
will be focused on the design process as such, 
i.e. on the content of all stages of design, tak-
ing into account certain aspects of the compi-
lation of project documentation accompany-
ing each of them.

The result of the education will be a real 
project of any IS. Moreover, the learning pro-
cess itself is based on the use of practice-ori-
ented technologies. In such conditions, the 
students will be able to fully demonstrate their 
creative abilities and skills in practice, as well 

as apply the knowledge gained in mastering 
related disciplines. The role of the teacher is 
to perform two main functions: 1) to act as the 
customer of the project and critically analyze 
its intermediate results and 2) to act as a con-
sultant analyst and edit the project implemen-
tation vector in a timely way.

4. Description  
of the main participants 
 in the implementation  

of project-based  
learning to study  

the discipline “Designing  
information systems”

Let’s consider the distribution of roles, 
functions and responsibilities of project par-
ticipants using the example of creating an IS 
of organizational and managerial type. Such 
projects are always designed to meet the chal-
lenges in a particular subject area. It is desir-
able to form a team of students to carry out 
such a project in accordance with the specifics 
of the supporting and functional subsystems.

4.1. The subsystem  
of organizational support

Mentor and tutor: teacher. He or she sub-
stantiates and formalizes the theme of a pro-
ject which is interesting for students and corre-
sponds to the direction of preparation. Topics 
can be based on the results of practical train-
ing, offered by graduates of a profile direction, 
already working in their specialty, initiated by 
municipal services, specific organizations, and 
other departments of the university. They sub-
stantiate the design methodology: canonical 
or RAD. They concretize the functionality of 
the project and give recommendations on team 
building on the basis of general professional 
training of students to the initial moment of 
project implementation. The teacher oversees 
the project and provides advice if necessary.
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An expert, who also can be a customer of the 
project. An expert may be:

   a representative of the organization in which 
the student underwent practical training

  a graduate working in the specialty profile

  representative of the municipal service

  representative of a specific organization or 
department of the university initiating the 
project.

The process of studying at the university is 
very dynamic and attracting experts, tutors 
and other specialists “from the outside” is very 
problematic, since these people are employed 
in the real sector of the economy and can not 
always attend classes at the scheduled time. 
Therefore, it is more reasonable to choose for 
these roles either teachers who are profiled at 
the faculty or related.

Project manager. Draws up a calendar plan 
of work for the project, organizes and provides 
private and general meetings between all pro-
ject participants, distributes work, keeps track 
of completed work, monitors compliance with 
the work plan, records and resolves problems 
that arise, analyzes the work performed, and 
regulates the work plan. For the implemen-
tation of management processes uses special 
software for project management.

4.2. The subsystem  
of information support

Students: will specialize in designing a data-
base, reference information, interfaces, forms 
of input and output documents.

4.3. Software  
development subsystem

Students: will be engaged in the justifica-
tion and selection of software for the program 
implementation of design solutions, their pro-
gramming, as well as debugging and testing of 
finished programs.

4.4. The subsystem  
of mathematical support

Students: will justify, if necessary, the choice 
of mathematical and (or) economic and math-
ematical methods that ensure the implementa-
tion of specialized algorithms.

4.5. The subsystem  
of technical support

Students: will be engaged in designing a set 
of technical means necessary and sufficient for 
the implementation of the project at the auto-
mation object.

4.6. Functional modules

Students: will perform analytical work (iden-
tification and formalization of functional 
requirements for the project, preparation of 
project documentation, preparation of tasks 
for programmers, preparation of presentations 
at the end of the project); must use CASE tools 
in their work for the preparation of project 
documentation.

In addition, the project team may include:

  students playing the role of testers (a com-
prehensive check of the functional opera-
bility of the finished software product and 
the preparation of recommendations for 
writing instructions for end users and the 
system programmer or administrator); if 
necessary, can participate in the compila-
tion of full instructions

  students acting as technical writers (draw-
ing up instructions for using the developed 
software and its technological support 
during the operation of the system at the 
automation object).

It is advisable that in the process of project 
implementation the roles among students are 
periodically redistributed. Thus, students will 
be able to at least partially master all types of 
work within each role. Then they will have an 
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idea of the specifics of the content of the pro-
ject as a whole.

5. The relationship  
of project training  

and a competency-based  
approach

In [7] it is emphasized that at present such 
requirements are imposed on employees as the 
ability to carry out project activities, and this 
is one of the required competencies. If we talk 
about university students, then this ability will 
be formed automatically if the process of stud-
ying disciplines in the curriculum is initially 
based on the technology of project training.

When comparing the qualification and com-
petency-based approaches to education in 
[19], attention is focused on the fact that the 
latter is characterized by such features as a cre-
ative look at problem solving, the possibility of 
constructing an individual learning path and 
interactivity.

The competency-based approach is often 
opposed to the paradigm of education based on 
knowledge [19]. The author shows the unrea-
sonableness of this view, since “...the assimila-
tion of knowledge and the formation of compe-
tencies are not only mutually complementary, 
but also closely intertwined” [19].

In [20], it is noted that there are about 400 
definitions of competencies. However, it is 
enough to approach this issue from a formal 
point of view and turn to dictionaries. Hav-
ing studied the semantic meaning of the term 
“competencies” given in [21–24], we can 
conclude that the term “competency” is a 
synthesis of a single-valued sequence of the 
following phases: 

1) obtaining a certain set of primary knowl-
edge in a specific subject area

2) the acquisition of initial skills in the use of 
acquired knowledge to solve problems in the 
same subject area

3) the application in practice of acquired 
skills contributing to the acquisition of some 
skills that improve as time increases in the use 
of acquired knowledge and the acquisition of 
experience. 

The process of practical application of 
knowledge, skills and experience in real con-
ditions is associated with the generation of new 
knowledge that affects the need to adjust exist-
ing skills. As a result, a new experience appears. 
Thus, while a person works in a specialized sub-
ject area and positions himself in it as a special-
ist (or even an expert), his competence devel-
ops in a spiral.

Therefore, the presence of a student of a 
certain professional competence actually 
consists in acquiring a combination of knowl-
edge, skills and abilities. The level of expe-
rience (as the sum of knowledge, skills and 
abilities) initially cannot be very high due to 
restrictions of age.

In addition to competencies based on knowl-
edge, students should acquire knowledge, skills 
and abilities in the field of optimal distribution 
of time when doing personal work, as well as 
interacting with other students. This will allow 
them in the future to quickly adapt to the work-
force and solve professional challenges in a 
timely way [25, 26].

Conclusion

The technology of training at the university, 
based on the application of the project method, 
allows us, in particular, to solve the following 
problems:

1. The ability to respond to rapid changes 
(the formulation of requirements for the pro-
ject is iterative in nature and therefore they 
can be edited throughout the project; to com-
ply with the project deadlines, you need to 
respond quickly to the adjustment of require-
ments)
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2. Redistribute, if necessary, roles among 
project participants

3. To interact among themselves to all pro-
ject participants (the design and development 
of one information system inevitably requires 
this)

4. To show creative abilities (in any project, 
its intellectual component is an integral part).

In addition, the implementation of one pro-
ject will certainly contribute to the develop-
ment of communicative relations between all 
participants due to the need for continuous 
cooperation on a variety of issues.

The introduction of project training in the 
educational process of higher education can-
not and should not be understood as another 
campaign. This process is characterized by 
complex informational, organizational, and 
technological components (the relationship 

between academic disciplines in the same 
department and the relationship between dis-
ciplines in related departments), which will 
require some editing of curricula and the con-
tent of individual disciplines. Changes of this 
kind, in turn, are very dependent on standards 
(regulations) from the Ministry of Science 
and Higher Education. In these standards, for 
a number of disciplines that are mandatory, 
the volume of hours for their development is 
very strictly set. Therefore, universities have 
significant limitations in the preparation of 
their curricula.

Thus, the implementation of project-based 
training in practice will require, firstly, edit-
ing the standards by the ministry, secondly, 
delegating more independence to universities 
in the preparation of curricula, and thirdly, 
accounting and exchange of experience 
already gained on a regular basis. 
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