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Abstract:

The problem of adaptation of educational space of technical university to modern market requirements is
considered. There are described the results of studying the requests of higher education applicants and their
vision of the success of the study. The aim of the article is to build an architecture of an information system
similar to that used by modern enterprises, which will provide a combination of scientific, design and educa-
tional activities of the academic community, taking into account market needs. The main scientific research
methods are bibliographic analysis, comparative analysis, methods of analogies. The conceptual architecture
of the Information Support of Design Innovation Activity of the Technical University system based on the con-
struction of a unified scientific and educational information space is described. The main task of the university's
information space is to prepare students for activities of the real market. There are determined the necessity
and limits of application of the modern access control system at the universities of Ukraine, in particular for
the organization of independent work of students. There is offered the way to reach the 4th level of techno-
logical readiness of students 'and teachers' development. The construction of an ontological description of the
subject area of a technical university, the development of the application of a grid model for the description
of scientific and technical information, and the determination of the current technical status are defined as
the basis of the system of setting tasks for project groups in the transition to project-oriented learning. The
question of the appropriateness of using adaptive case management system as a basic concept of building
electronic document management system is resolved. The use of the competence approach as a mechanism
of stimulating technical creativity within the educational process and in the work of researchers from the Uni-

versity staff is considered.
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INTRODUCTION

Developing innovative or customer-oriented products is
an important prerequisite for success in the job market.
Such developments are knowledge-intensive and require
a sufficient number of engineering workers. On the other
hand, product development time frames should be mini-
mal, which dictates the need for experienced staff. And all
these problems must be solved against the background of
declining popularity of technical education [24]. We as-
sume that the solution to these problems can be found
taking into account the fact that the basis of modern
methods of production organization is building an effec-
tive system of information support.

Known attempts to solve these problems are based on:
1) the use of practice-oriented training, up to the intro-
duction of requirements for the launch of their own start-
up by potential graduates [2, 26];

2) introduction of the use of competence approach in ed-
ucation [9, 18].

In Ukraine, one of the ways for solving these problems is
the introduction of dual education (proposed by the min-
isterial level [6]), as a form of education in which students
spend part of their time in classrooms and the other part
—in a real operating enterprise.

The capacity of the job market is limited even in large en-
terprises, at least in Ukraine. In addition, the global trend
is to reduce the number of positions, which require higher
education. This situation is a direct consequence of in-
creased productivity because of the use of modern infor-
mation technology [7, 30].

In the current conditions of the labour market and the
rapid development of technologies, the role of the univer-
sity, as a repeater of the knowledge accumulated in its lit-
erary repositories (and the academics’ knowledge), loses
its relevance [19, 22]. The Internet offers a large variety of
training programs. Each of them is more or less provided
with multimedia educational materials.

The role of the university as an institution for certification
of specialists loses its relevance as well [28]. Nowadays,
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firms are more likely to carry out their own corporate test-
ing or to seek the services of specialized firms that test
and certify according to certain methods and standards. It
is not a HEI diploma that is more important to investors,
but a business plan or outline for the start-up, selected on
a competitive basis. All of these challenges call for new
approaches to organizing university education for the
training of engineers.

LITERATURE REVIEW

There are many systems in universities such as academic
management system, examination system, online learn-
ing systems, student information system, faculty infor-
mation system etc [12]. The common idea of all these sys-
tems is capturing the relevant data and representing and
visualizing it in accordance with the requirements of us-
ers. This system is mainly intended to be used by the staff
of student affair department and faculties of university.
Currently this system is intended to be used by authenti-
cated staff of student affair department for helping stu-
dents with their academic activities.

The paper [4] discusses the need of a central repository to
update and maintain a document management system so
that stakeholders can access and make use of the infor-
mation for their specific purposes. It is imperative that the
university obtains and maintains accurate and relevant in-
formation about faculty’s professional activities. This sys-
tem helps to provide that ability and complements other
information and management systems, all of which sup-
port university’s institutional planning, core values and
priorities.

The research of Saleh Alghamdi [1] proposes a low-priced
attendance-checking system and that avoids consuming
any time or effort from lecturers or students. This system
can monitor the attendance of students without the limi-
tations of other available systems.

The proposed Internet-of-Things Based Smart Resource
Management System that could be used for commercial
or educational purposes included an Arduino system used
to scan a user ID and send the data to a cloud server to be
retrieved for use in the Android application to check stu-
dent attendance [11].

The system developed in [14] can analyze the data and
display statistics about the student’s absences, print re-
ports about absence percentages and students’ warnings
for the specified period.

Scrum methodology in research groups at universities has
been described in [20]. A. Jurado-Navas and R. Munoz-
Luna think Scrum method can be considered as a good
proposal to accomplish a high quality teaching-learning
process at universities for three main reasons:

1) itimproves the capacity of using the knowledge in a dis-
ciplined, critical and creative way;

2) it promotes the coexistence in heterogeneous human
groups;

3) it develops the capacity of thinking, living and acting
with complete autonomy [13].

The number of projects implemented in all sectors is in-
creasing annually, and there is a tendency for them to be-
come more complex and interdisciplinary [29].

The paper [8] builds upon a growing area of the critical
analysis of project management practice, offering insights
into the tension between the values and norms of univer-
sity research and an on-going formalization of project
management in some organizational contexts.

DISCUSSION AND SCIENTIFIC RESEARCH RESULTS

The majority of students consider higher education not
only as a way of acquiring useful knowledge, but also as
one of the mechanisms for improving social and work
skills and developing skills to learn and build solutions
based on information from different sources [5, 17, 21]. In
this case, the sources should be formally reliable, that is,
they must be either sources recommended by teachers or
normative sources. The teacher, when making demands
on the sources used, acts as a guarantor of their accuracy.
An anonymous survey of first- and second-level lvano-
Frankivsk National Technical University Oil and Gas (IFN-
TUOG) students (bachelors and masters) found that many
of them (in different groups the percentage varies from
40% to 70%) believe that it is enough to get acquainted
with the subject in the first few lessons, and then all the
needed information and often the solutions can be found
on the Internet. Seemingly, this result is similar to allocat-
ing hours per discipline, proposed by the educational sys-
tems of the world and Ukraine, when the number of hours
for extracurricular work exceeds. However, according to
the results of the head-on check at the end of the semes-
ter, it turned out that independent carrying out of the
work in such way is not ensured. Several online sources
were repeated in most of the works, and students were
not able to complete the task assignments that required
manual work (e.g., pencil drawings or simple CAD system
drawings).

Almost all senior students (over 90%) declared that they
were ready for intensive classroom and self-study, if the
acquired knowledge and skills were necessary to take up
job vacancies in the labour market or could give an ad-
vantage in the market in the short term (within one year).
Such an advantage was described as the students’ vision
of success of learning. This program of work is typical for
start-ups, although the readiness to create their own
start-up declared no more than 3-5% of respondents to
the survey.

Taking into consideration such a request of the market,
the university should provide the following components:
access to reliable information, mastering authentication
skills by students, and organization of work in which stu-
dents have the opportunity to improve their social and
work skills.

On the basis of the comparative research of resource
management, interaction and document flow systems the
concept of the architecture of the system of information
support of design innovation activity of the technical uni-
versity is created, which schematic representation is
shown in Fig. 1.
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Fig. 1 Scheme of the architecture of the system of information
support of design innovation activity of the technical university

A few scientific research methods (bibliographic analysis,
comparative analysis, methods of analogies) were used
during the concept creation process.

The experiment of using during lectures and the discipline
one of the BYOD approaches [10, 16] showed that practi-
cally all students now have mobile computing devices
(smartphones, tablets, laptops) with the possibility of
wireless connection to corporate and/or global network.
It should be noted that the students were given the op-
portunity to make individual choices with or without a
mobile device. Everyone (100%) chose to work with mo-
bile devices.

Thus, it is possible to implement the system of students’
registration in the university's information system and the
automatic tracking of their presence in classes and in
rooms reserved for independent work. The registration
system can be implemented both in networks with sup-
port of wi-fi, and in networks without such a support. IFN-
TUOG has implemented a single corporate network and
the work to prepare a regulatory framework and intro-
duce a set of network administration rules that will allow
the automatic registration of students' presence in class-
rooms during classes is being done. In addition to control-
ling students' attendance in classes, this system will also
allow to track time and analyse students' self-study hab-
its.

It should be noted at the outset that such control does not
restrict the freedom of students, but only brings them
closer to the current conditions of the labour market. Em-
ployers are now introducing various methods of control-
ling their employees: from access control to time-tracking,
from automation of door-to-door controls or using of
CCTV cameras with motion recognition and face identifi-
cation, to implantation of chips [3]. Moreover, teacher at-
tendance control is ineffective, given the tendency to con-
solidate classes (enlarging number of students in one
class) [25].

An extensive study by Wagner and Dintersmith [28] shows
that organizing student leisure is one of the factors behind
the rise of the cost of education in the US, while the cost

of extracurricular work is decreasing. In Ukraine, the scale
of the costs of organizing leisure is smaller, but student
extracurricular work is organized, in most cases, in the
form of tasks that students can complete at home or in
the library, online or using books. It is noted above that in
modern conditions this type of teaching is not very effec-
tive.

It is obvious that the control of location alone does not
allow the calculation and theoretical tasks to be per-
formed independently. But such control will allow to or-
ganize independent work that requires specialized equip-
ment (the system should also provide photo/video fixa-
tion). Students who have the appropriate admission from
the teacher or master (based on proven knowledge and
skills to use the equipment safely) will be able to come to
the laboratory/workshop on their own and complete the
assigned tasks.

To avoid overlays, wait and downtime, the information
system should include a resource management module
(scheduling of equipment/resource use) or an electronic
queue [15]. A register of equipment and resources is also
required, which should be accessible to all interested peo-
ple with valid access to the work (use of equipment and
resources). IFNTUOG is working on the preparation and
commissioning of a pilot project for such a system module
based on the laboratories of the Department of Engineer-
ing and Computer Graphics [23].

The laboratory, prepared for independent work of stu-
dents, is one of the components of overcoming the above-
mentioned paradoxes and problems of technical higher
education. The implementation of the laboratory at IFN-
TUOG is foreseen in the framework of the Ro-Ua Trans-
border Academic Development for Research and Innova-
tion 2SOFT/1.2/86 project. Such a laboratory will enable
researchers and university students to create innovative
products on their own (at least up to the prototype level,
TRL from 4 to 6 according to [27]). The expected result of
the laboratory's work is to create a unified environment
of innovation for the participants of the academic com-
munity, as well as to test the model of project-oriented
technical education. Such a model can be constructed in
two variants:

1) undergraduate students work with solutions known in
the technical literature (e.g., on the basis of patents), im-
plementing them according to the patent or creating their
models from more accessible/technological materials;

2) senior students (or younger ones, if they wish) start
their own start-ups and bring them to the “seed” stage.
However, both options must function in a unified innova-
tion environment of the university.

The unified environment of the university's innovation ac-
tivity will consist of two components, the activity of either
of which separately will not allow to overcome the above-
mentioned paradoxes and problems of technical higher
education. The first component will be the Laboratory for
students' independent work, the second — the subsystem
of the information system of the university, as the basis of
information support for design innovation activity.

Such subsystem should consist of the abovementioned
modules of self-study of students, as well as modules that
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will provide access to the necessary knowledge and mod-
ules that will link innovative and educational work.
Practice-oriented learning requires a large number of task
options. Tasks can be obtained from several sources: pro-
jects for the implementation of experimental research on
patent applications and scientific and technical literature
(e.g., to confirm their validity); requests for the fulfiiment
of certain production or scientific-production tasks from
real-life enterprises; queries for start-ups (subject to con-
fidentiality); current scientific developments of the partic-
ipants of the academic community. In order to register
such requests in the information system, there must be a
knowledge base with access tools. This knowledge base is
also based on the network model. The current standards
of Ukraine for the development and beginning of manu-
facturing of products provides a similar grid model in the
form of a system of coding (assigning codes) of documen-
tation.

In the process of developing a system of information sup-
port for innovative work involving the innovative poten-
tial of students and incorporating innovative work into the
academic load of teachers, the standardization model of
the equipment based on I1SO 15926 was adopted by the
main model of ensuring the interconnection of equipment
on the basis of ISO 15926 schemes. The department of En-
gineering and Computer Graphics performs work on the
creation of university ontology and RDF schemes as it is
the basic department for teaching students of different
specialties the ways and methods of describing technical
ideas in different fields of knowledge. At this point, the
geometric kernel of the description is created.

In addition to compiling descriptions, the task was to en-
sure that the document storage and formatting system is
resistant to changes in CAD formats and versions. PLM
systems on the market are focused on software and re-
lated file formats from specific vendors. Therefore, it was
decided to use a non-specialized electronic document
management system in adaptive case management
(ACM) form. Modern versions of all CAD applications used
in IFNTUOG have the ability to set construction design of-
fice standards. Therefore, recommendations for setting
these standards have been developed. To provide CAD-in-
dependent opening of drawings and other design docu-
mentation, the step of creating "electronic blues" in the
form of *.pdf/A documents and control cards in text for-
mat (JSON, XML and related schematics) has been added
to the documentation exchange and deposition pro-
cesses.

As the task of involving students to perform design work
in the course of the University's innovation activities was
set, the use of classical systems of product development
management and project execution was found to be inef-
fective due to the need to ensure the stability of the sys-
tem with respect to frequent change of contractors. Flex-
ible management systems (such as Kanban, ACM), to-
gether with scheduling systems, have proven to be very
good when tested in mixed design teams. The ability to
view the list of restrictions and open tasks (for which no
one is responsible yet) allows planning the work and inde-
pendently determining the ability to perform the role of

the project task doer. In addition, such systems have inte-
grated means of controlling timeliness of execution. The
task is considered closed if the person who has the right
to confirm its performance has done so or the contractor
has downloaded the necessary documents and within a
certain time has not received their negative evaluation.
The systems are configured so that the author of the as-
signment, other profile teachers or the project manager
can act as controllers. In this way, both teachers and stu-
dents are involved in the work (teachers as authors, con-
trollers and/or performers, students as authors and/or
performers).

Performing tasks that involve the creation of new design
solutions, as a rule, requires a combination of several
works: geometric design/modelling, correct use or con-
struction of new calculation models, experimental verifi-
cation of compliance with the tasks. In doing so, the con-
tractor must have the competencies that are traditionally
provided by the disciplines of different years of study or
of different training programs. There are several ways of
solving the following problem:

1) forming project teams with participants from different
years of study/specialty (the task is divided into sub-tasks
with imposing restrictions);

2) on the basis of a composite ontology, the author of the
task searches for suitable practices and compiles a list of
competencies that characterize each of the practices.
The first way involves the subdivision of the task into sub-
tasks by the author, defining the competencies needed to
solve each sub-task. A student may choose to complete
only those sub-tasks that require competencies that they
still need to acquire. Each participant's already acquired
and available competencies are taken from the Learning
Management System (LMS).

The second way is based on a set of competencies that
characterize each practice described in the ontology. The
student can choose only those tasks that require such a
set of competencies that he has not yet acquired, which
can be mastered within the project deadline. Otherwise,
they must choose from the available subtasks (the first
way).

If the student is the author of such a task, they may adjust
the term of the task. This will allow each student to con-
sciously choose their trajectory of study (assessing the
tasks that they are focused on and the estimated time of
acquisition of the competencies required for them).

If the task cannot be described using complex ontologies,
the task is to extend the ontology. Masters or academics
can take on such tasks. If the author of such a task is a
student of the first level of study, they can divide such a
task into the described subtasks (and, accordingly, use the
second way of solving) or try to involve in the project team
of one of the masters or academics.

Thus, the described solution is based on a competence ap-
proach.

CONCLUSIONS

The described variant of construction of the Information
Support of Design Innovation Activity of the Technical Uni-
versity system is intended to intensify the involvement of
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students, as participants of the academic community, in
setting and solving problems of innovative development.
The introduction of flexible project management ap-
proaches and the improvement of the system of describ-
ing the achievements and tasks of the university are
aimed at enhancing the involvement of business in updat-
ing educational tasks. The unification of scientific, design
and educational activities of the university into a single in-
formation space requires the construction of an infor-
mation system similar but not identical to that used in in-
dustry. The use of modern control technologies in such in-
formation system helps to adapt students to the require-
ments of the labour market and to improve the self-or-
ganization of the student's work time.

The effectiveness of implementation of the proposed in-
formation support system in accordance with the current
legislation of Ukraine, the interest of market participants
(entrepreneurs, students, teachers) and their assessment
of the system activity, the experience of implementation
of real projects in the conditions of the system of informa-
tion support of design innovation activity of the technical
university will be the main areas of further research.
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