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form, reflecting the reality logically without
empirical confirmation. This is a significant
contribution of mathematics in natural
science” [11, p. 69].

While observing the trends and
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Introduction

Today, the main objective of engineering
training is  graduate’s  professional
competence, which fails to be reached
through summing all pieces of information
obtained from  different disciplines
[1]. It is noteworthy that traditional
engineering education is characterized by
“disciplinarity”, i.e. educational process
comprises a range of particular disciplines,
each implying certain logics of study.
In this situation, it is for the student to
integrate all the information, which is in
contradiction  with  competency-based
education widely implemented at higher
education institutions today. Moreover,
traditional ~ “disciplinary”  engineering
training does not develop the ability for
integrative engineering activity as well [2].

Therefore, competency-based
education necessitates changes in the
model of traditional engineering education.
One of the pedagogical challenges is
integration of studied disciplines, which
implies identifying the criteria to select and
structure the educational information [3].

However, traditional discrete disci-
plinary approach to educational process
design is still important for modern
engineering education, since the disciplines
taught are the methodological basis for

interdisciplinary  integrative ~ modules.
The integrative approach to educational
process design is used as a supplementary
one, and the co-existence of integrative and
discrete disciplinary approaches is secured
by education standards, a set of education
objectives, i.e. competencies [4]. These
competencies are the expected learning
outcomes and should be developed
regardless of the approach.
Methodological basis for interdi-
sciplinary integrative module design
The main document to regulate
university educational process is basic
professional education program (BPEP)
designed for a particular specialty [5].
These documents prescribes the learning
outcomes of university education, which
are referred to as a set of competencies.
As a result, each competency is obligatory
to obtain, and together they are referred to
as education standards. In case of discrete
disciplinary training, the distribution of
competencies over the disciplines is quite
challengeable. This necessitates the design
of interdisciplinary integrative modules,
which will ensure the development of
relevant competencies. The structure of
such educational process is unique since
it allows combining the elements which
used to be isolated within the discrete
disciplinary educational pattern.
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The interdisciplinary integrative module
includes:

B alist of integrated disciplines selected
in accordance with the relevant
criteria;

B alist of overlapping issues (topics and
blocks) considered by the integrated
disciplines;

B alist of laboratory and practical tasks
developed in accordance with the
relevant criteria.

The interdisciplinary integrative module
is a product of pedagogical integration,
and the performance of pedagogical
product is measured in terms of its didactic
consistency [3]. Integrative pedagogical
products can be characterized by different
types of didactic consistency:

B “ypdating the education elements
of other disciplines while studying a
particular discipline;

B combining diverse education
elements of two and more disciplines
(conglomerate of education elements);

B |ogical, associative and heuristic
correlation, ...combination of con-
natural  education elements of
disciplines, with keeping the elements
relatively  independent  (didactic
synthesis of new education elements);

B developing  synthetic  education
elements from education elements
of integrated disciplines, with
the elements becoming strongly
connected and interdependent
(didactic synthesis of new education
elements)” [3, p.117 1.

This classification can be used to define
the structure of integrative pedagogical
product, with due regard to the adopted
level of didactic consistency.

The interdisciplinary integrative model
may be considered as a system since the
elements, each being easily identified,
are obviously connected. Therefore,
we can refer to systemology to identify
the conditions for the module efficient
implementation in the educational process.

In terms of systemology, the system
is consistent if the bounds between the

system elements are more stable than those
with the environment [6]. Thus, it can be
concluded that the educational objective,
which induced interdisciplinary integrative
module design, should only be reached
by means of newly developed discipline
(without involving educational tools of
other disciplines, i.e. without additional
bounds with the environment). This
condition fulfilled, the integrative module
is efficiently implemented and ensures
obtaining the expected outcomes. Based on
the above-mentioned systemology thesis,
the bounds between the elements within
the integrative module should be stable.
This can be ensured through cooperation
between partner educators who teach
the integrated disciplines (meetings and
consultations held on a regular basis).

However, the stability of bounds
betweentheelementsoftheinterdisciplinary
integrative module should be optimal since,
in compliance with another systemology
thesis, the level of the element relative
independence can be reduced if their
interconnection is being strengthened. Itis a
well-known fact that engineering education
fundamentals are strongly connected with
autonomous scientific disciplines, which
the foundation of the relevant academic
disciplines rests on [7], [8]. Therefore, it is
important for the integrated disciplines to
remain fundamental even if the elements
of the integrative model are inseparably
connected.

Systemology indicates that a system
acquires a new quality if it extends [6],
therefore, it is possible to improve the
efficiency of the integrative module
implementation if to introduce additional
elements of the integrated disciplines (with
due regard to the element number) into the
module structure. It is expected that the
effect of educational activities will be more
significant than that from studying the same
disciplines without integrating.

Based on the systemic approach and
using the integration process structure
suggested by A.D. Ursul [9], the stages of
interdisciplinary integrative module design
can be presented as follows.
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The first stage is to identify a mutual
characteristic, which will become a basis
for integration. In case of interdisciplinary
integrative  module design, this can
be a prescribed competency (a set of
competencies) or a particular requirement
of the professional education standard [10],
[11]. The basis for integration is a core factor
of the integration process development
and the choice of the basis is crucial for
pedagogical integration efficiency.

The next stage is to identify the systems
to be integrated. In our case, it is necessary
to identify the academic disciplines, which
serves as the basis for integration.

After that, one should determine the
area of integration. Based on logical,
associative and heuristic assumptions, a
set of education elements to be integrated
is determined. The integrated elements,
which together make the area of integration,
are certain blocks within academic
disciplines, laboratory works, project work
tasks, and self-study resources.

Then the education elements within
the area of integration should be ordered
in terms of their significance. The criterion
for ordering is the element’s role in the
development of a particular competency or
contribution it makes to meet a particular
requirement of the professional education
standard (taken as a basis for integration) —
the element impact can be objective,
methodological, or categorical.

The product of pedagogical
integration is officially implemented as an
interdisciplinary integrative module (study
pack developed from the materials of
integrated disciplines).

Integrative approach implementation
The workgroup of Orel State University n.a.
I.S. Turgenev conducted a survey among
the employers who run the most successful
vehicle service stations in Orel. The
respondents were the heads of the following
companies: 000 “Vozrozhdenie”
(authorized dealer of Ford, Renault,
Volkswagen, Nissan, Hyundai, Mitsubishi),
OOO “Forpost — Orel” (authorized dealer
of KIA), ZAO “Orelavtotekhobsluzhivanie”;

automotive holding company “Atlant M —
Auto” (authorized dealer of Chevrolet,
Opel, GM-AvtoVAZ). The staff policy at
the enterprises is conducted in cooperation
with the Department of Machine Service
and Maintenance, Orel State University.
The questionnaire for the survey was
developed to find out whether the
professional education standards (relevant
competencies) of “Operation of Cars and
Transport Systems” program meet the
requirements of the employers. The survey
results indicated that the employers are
rather interested in student training for
innovative activities in automotive service
sector. The competencies mentioned in
the questionnaire and reflecting graduate’s
ability to perform innovative activities
were estimated by the employers as “very
important” and “the most important”.

To train students for performing
innovative  activities in  automotive
service sector, the methodology for
interdisciplinary integrative module design
has been developed. According to the
classification describing different types
of didactic consistency of an integrated
pedagogical product, the developed
interdisciplinary integrative module is
based on logical, associative and heuristic
combination of connatural education
elements of disciplines, with keeping the
elements relatively independent.

The basis for integration, a core factor
of the integration process development,
is graduate’s competency, namely, the
ability to perform innovative professional
activities.

The criterion to identify the systems
(i.e. academic disciplines) to be integrated
is the general stages of innovation
implementation: need for innovations,
fundamental research, applied research,
use of innovation, positioning on the
market [12].

The area of integration was determined
through selecting the education elements
of the integrated disciplines: lectures,
laboratory works, project work tasks, and
elements of graduate qualification work.
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The area of integration includes not only
the education elements which improve
student’s ability for performing innovative
activities in automotive service sector,
but also the elements which encourage
innovative thinking.

Based on the expert analysis, the
education elements were ranged as
“significant”, “very important, “the most
important”.

Conclusion

Interdisciplinary integrative module
implementation  stipulates  integrative

training sessions: polydisciplinary lectures,
interdisciplinary ~ engineering  project
activities, integrative self-study tasks.

Compared to traditional educational
process, the integrative one is characterized
by detailed structure and allows developing
an integrative way of thinking, which can
be considered a supplementary target. In
fact, it is the integrative way of thinking
that lays the foundation for successful
engineering activities in any manufacturing
profile.
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