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Abstract. This article is devoted to technologies of engineering education that produce the most
in-demand professional qualities of graduates from Bachelor’s programs. A review of studies about
introducing innovations to improve the educational process in practice-oriented Bachelor’s studies
is carried out. The advantages and limitations of project-based and problem-based learning tech-
nologies are defined. The work presents the experience of developing and applying a unique teaching
technology based on the integration of problem- and project-based training approaches, designed
to enhance the creativity of the study process in engineering Bachelor’s programs. It is described
with a focus on the mechanisms for the integrated use of the advantages of methods of problem- and
project-based training in the formation of the professional competencies required for an engineer’s
innovative activity in the development of a new product project. The data from an empirical study
have been considered; they allow us to substantiate the conclusion that the integration of project-
and problem-based learning in the form of a holistic technology is effective for developing students’
creative capacities.
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Introduction

It should be admitted that the majority of en-
gineering academic programs at universities are
aimed at training qualified specialists in terms of
their content and methodology of implementa-
tion. In general, we teach students to complete
the assigned tasks; still, when they start their
professional career, they often face the practi-
cal problem of assigning tasks, developing tech-
nical specifications and searching for new effec-
tive solutions that should be in line with increas-
ing customer demand. Thus, the main purpose
of the development of engineering education
should be the improvement of the study process
so as to produce creative and conceptual think-
ing skills and help students to see into problem-

atic situations, formulate problems correctly,
transform them into tasks and form original ap-
proaches towards their solution. According to
the authors, the main means of forming creative
capabilities of students is not the content of the
study program, but the methods and technolo-
gies of the study process, including the organiza-
tion of educational and practical activities.

Analysis of priority technologies
in engineering education
Most attention in higher engineering educa-
tion is now devoted to the active development
of project-based learning methods. By project-
based learning we mean study and practical
work based on solving project tasks and/or im-
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plementing a specific project that corresponds
to study goals and leads to the achievement of
the necessary learning outcomes. Project-based
learning is characterized by a number of advan-
tages, recognized by education practitioners
and researchers in specific academic disciplines,
modules and study programs [1-4]. Among the
most frequently mentioned advantages of the
project-based learning, there are:

— increased motivation for study and indi-
vidual work;

— stimulating the
proach;

— in-depth understanding of the importance
of theoretical academic issues for the solution of
relevant professional tasks;

— intensifying the study process and accele-
rating the formation of professional competen-
cies;

— increasing student responsibility for the
results of learning and project activities, and
study activities in general;

— developing communication skills and qua-
lities, as well as team working skills.

Project-based learning has been being ac-
tively applied at technical universities of many
countries. This method is widely used in en-
gineering Bachelor’s disciplines, primarily in
courses related to design and engineering activi-
ties; it significantly develops cognitive abilities
and improves self-efficacy, teamwork and com-
munication skills [5]. Project-based learning
contributes to the formation of an interactive
team learning environment that positively af-
fects learning outcomes and the self-regulation
of students [6]. This teaching method is suc-
cessfully applied not only in purely engineer-
ing disciplines, but also in those that provide a
foundation of general technical competencies.
This is particularly in the teaching of physics,
where it has resulted in increased student inter-
est not only in the subject itself, but also in its
technological applications [7]. The use of pro-
ject-based learning in chemistry also enhances
student interest and the mastery of the basics of
chemical and petroleum engineering: further-
more, it contributes to the fact that they quickly

interdisciplinary  ap-

learn to build relationships and form teamwork-
ing, leadership and cooperation skills when solv-
ing engineering and chemical problems [8]. The
project-based learning method has been applied
to the teaching of the natural sciences and other
disciplines [9; 10].

However, project-based learning has also
certain limitations which are largely determined
by additional requirements towards learning ac-
tivities and the facts that most students perceive
such learning methods as relatively new and
their place in the teaching program, when com-
pared to traditional teaching methods, is gener-
ally rather limited. These limitations include: 1)
increasing the labor intensity of the academic
work aimed at mastering project activities and,
thus, a slower process of mastering the cur-
riculum; 2) only a partial correspondence of
student educational and project activities to the
professional design and engineering activities
of engineers; 3) the insufficiently profound and
well-grounded design solutions developed by
the majority of students; and 4) the detachment
of educational project work from research. At
the same time, in the majority of works based on
empirical studies, it is not noted that it actively
develops creative thinking and capabilities.
These conclusions fully coincide with the au-
thors’ experience of applying the project-based
learning approach.

Another method actively used in improving
engineering education is problem-based learn-
ing. It should be noted that this is less popular
than the project-based one. According to the
authors, the problem-based learning method is
the organization of student activities in accord-
ance with an analysis of objective contradictions
in scientific knowledge that forms the princi-
pal content of the study process; in the course
of these activities, students assess the possibi-
lity of using previously acquired knowledge and
the necessity of acquiring new knowledge to
solve problematic situations and specific tasks.
As a result, they search for new knowledge and
ways of using it that are aimed at reinterpreta-
tion, specification and problem solving. Differ-
ent specialists demonstrate different approaches
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towards the substance of this method [11-18],
though all of them acknowledge the principal
benefits of project-based learning. The prob-
lem-based method allows students:

— to analyze problematic situations arising
from the deficiencies of the knowledge applied;

— to formulate problems and tasks, allowing
them to find ways to solve controversies;

- to summarize knowledge, principles and
ways of applying them to solve problems and tasks;

— to carry out the search for necessary
knowledge in the course of mastering scientific
notions;

— to form goal-setting and problematization
skills in the course of scientific cognition;

— to boost cognitive activity in the search for
effective ways and methods of acting in uncer-
tain conditions and situations;

— tomaster basic elements of research activity.

In combination with the traditional ap-
proach, problem-based learning is deemed an
effective means for the general and intellectual
development of students at different levels of
mastering different academic programs. In the
work by Ayyildiz and Tarhan [15], a compari-
son of the effectiveness of applying traditional
and the problem-based learning approaches to
chemistry is presented. On the basis of the re-
sults obtained by the authors, it was concluded
that the average results of the group learning
through the problem-based approach were
much higher. In the works by X. Ma et al. [16]
and A. Shishigu et al. [17], a successful prac-
tice of introducing the problem-based learning
approach in the training of IT-specialists and
teachers was presented. The authors demon-
strated that problem-based learning allows for
a better understanding of the relationship be-
tween theory and practice, increases student
motivation and eliminates rote memorization.
The article by M.A. Khoiry et al. [19] describes
the method of assessing the quality of training in
a course on material technology by employing
the problem-based learning approach. It was
shown that the technology of problem-based
learning could be improved by receiving feed-
back throughout the period of study.

In the work by C. Veale et al. [20], the au-
thors discuss the blending of problem-based
learning and student teamwork, which was
aimed at forming the creative ideas necessary
for the development of advanced medicines:
they note that such a type of learning requires
the transformation of the whole study program.

In the studies of G.I. Ibragimov [14], it is
underlined that the “problematic” character
has become a standard practice in professional
activities under the present cultural conditions.
This leads to the conclusion that in modern
higher education, especially in a technical one,
problem-based learning should be considered as
a basic type of education, a kind of a systemic
foundation that allows one to integrate the pos-
sibilities and technologies of education, as well
as to implement ideas of practical orientation.

It is of interest to study the experience of in-
tegrating project-based learning and problem-
based learning approaches in the development
of academic courses aimed at the formation of
competencies necessary for the sustainable de-
velopment of specific organizations and areas
of activity. A course in environmental studies
developed for a Master’s program created ad-
ditional opportunities in the development of
interdisciplinarity and boosted a proactive at-
titude towards education, academic studies and
professional practice. During the course, the
students increased the sustainability of their
competencies and professional skills and used
opportunities for carrying out research in col-
laboration with their lecturers [9].

Existing trends for the integration of prob-
lem- and project-based learning are determined
by the desire to combine the advantages of these
methods and thereby overcome the limitations
that exist in each of them. A limitation of the
creative activity of students working in accord-
ance with the project-based learning method is
the fact that they work in the framework of the
studied issues and the project task offered by a
lecturer or chosen by them. Analysis of prob-
lems and tasks solved in the course of such de-
sign activities is limited, as the main efforts are
targeted at the application of already gained
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Fig. 1. Model of training and practical activity based on the binary technology

and independently found knowledge related to
this discipline. The depth of their studies and the
creativity of solutions definitely depend on this
knowledge, but these characteristics of design
activities largely depend on the level of under-
standing of the problem (which is always inter-
disciplinary).

Binary technology in engineer training

The integration of problem- and project-
based approaches (“Binary technology”) was
developed by the authors for the organization
of student academic and practical activities in
a special ndustrial training practical course
(ITPC). The variant presented for integrating
the two methods is not only about consolidat-
ing them into a larger instrument for organizing
the study process, but is also about maintaining
the relative independence of problem-based
and project-based approaches, along with their
benefits. The integration of these two methods
results in the extension of the methodological
instrument and in the algorithmization of study
and practical work while maintaining opportu-
nitiesfor creativity when achieving the necessary
results. Binary technology increases the level of
student self-discipline and strengthens the be-
nefits of the integrated methods: problem-based
learning becomes more practice-oriented, while

project-based learning starts to employ deeper
research and analytical grounding. The general
framework of the binary technology, including
its main steps, is presented in Figure 1.

The difference between the integration of
problem-based and project-based learning
through binary technology and its other vari-
ants [8; 9] lies in the fact that students work with
one complex object that includes many compo-
nents throughout their activities.

The integration of problem-based and pro-
ject-based learning rests upon combining them
into one problem to solve another problem
(creation of an engineering project of a new
technical product) and developing an algorithm
for its implementation including: a) working on
the problem in order to develop theoretical so-
lutions for the problematic situation (steps 2-5,
Fig. 1); b) adapting the results of the research
and analytical work to the problems of design
and engineering activity (steps 6-8, Fig. 1); c) a
design process with the further project defense
(steps 9-12, Fig. 1).

The presented binary technology differs from
other blended learning technologies by the fol-
lowing features.

1. Students are involved in more analytical
and research activities, especially during the
first semesters, when they have not yet started



HUnocenepnas nedazoeuxa 89

studying specialized courses: they thus have to
search for the necessary knowledge indepen-
dently.

2. Designing each product is carried out as
a particular part of a more complex technical
system; development of this system is an output.
This leads to some extra requirements for each
product, as it is necessary to integrate them with
the other projects forming the system.

3. Students keep on switching from the
problem-based to the project-based method
and back, trying to find a decision that better
corresponds with the requirements of a specific
product and its compatibility with other parts
of the end product. In the course of this process,
students often recognize their own mistakes, the
limitations of some solutions, and existing sys-
temic problems: they learn to find ways of cop-
ing with them.

4) The design process is as close as possible
to the production process of an industrial enter-
prise and takes into account all the conditions of
uncertainty, customer requirements (the con-
sulting engineers perform as customers here),
deadlines, regulatory documentation, etc.

5) The binary technology significantly
changes the character of the participants’ activi-
ty. The functions of lecturers, who are not only
staff members of the university but also highly
qualified engineers in machine-building enter-
prises, are consulting and tutoring.

6) At each stage of the technology, metho-
dological techniques and means to regulate and
boost student activities are used.

It is important to note that study and practi-
cal work based on the binary technology are or-
ganized so that engineering tasks solved within
its framework are reflected in the content of
the disciplines studied by the students in the
same period. In contrast to the traditional study
process, mastering the program is not only a
preparation for further professional activities,
but also a necessary condition for solving cur-
rent training and practical engineering tasks set
within the framework of the practical course,
which increases the proactive attitude and pur-
posefulness of their actions [21].

Results of empirical studies on the
possibilities of the binary technology

To assess the benefits and effectiveness of
the binary technology, we carried out a stu-
dent survey to compare their learning acti-
vity in the framework of the practical course,
which actively employed this technology, with
the other engineering discipline which imple-
mented project-based learning methods and
other interactive techniques. The main metho-
dological difference between these disciplines
is that the industrial training practical course
is mainly based on binary technology, while
in the course of Engineering Mechanics (EM),
the project-based learning was predominantly
used. In the training schedule, disciplines were
taught in parallel. The volume of students’
educational work in the training courses was
the same (144 academic hours), including the
volume of independent academic work (80—88
educational hours). The study was carried out
among the students of the engineering Bache-
lor’s program “System analysis and manage-
ment” who are majoring in design and engi-
neering and studied the compared disciplines
during two semesters. The survey was a self-
report; the students evaluated their actions,
efforts and attitudes towards the study process
in the frameworks of different disciplines em-
ploying the aforementioned technologies.

The developed questionnaire employs a
nominal scale with partially closed questions;
the majority are menu questions with polyvari-
ant responses and control questions, which are
required in order to check the sustainability and
the univocacy of the respondents’ opinions.

More than 68% of the students of the aca-
demic groups concerned took part in the volun-
tary survey. Thus, we received six results from
the surveys of academic groups (from 11 to 15
questionnaires in each, 82 in total) The results
of the surveys as primary statistics are present-
ed in Table 1. The secondary statistical analysis
was carried out with the Mann—Whitney U test
[22] to assess the difference between the ave-
rage values of the number of students choosing
the specific indicators of study and practical ac-
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Table 1

Differences in the results of students’ independent educational and practical work in ITPC u EM (%)

Characteristics of independent educational and practical work of students ITPC EM
1. Systematization of new knowledge 28,6 48
2. Search for and use of new information unrelated to the academic disciplines 38,1 23,8
3. Becoming acquainted some specific issues of the disciplines that have not been studied yet 23,8 4,8
4. Optimizing task performance 38,1 14,3
5. Skills of solving new (original) problems 47,6" 28,6
6. Development of self-education skills 52,4 33,3
7. Development of system analysis and thinking skills 38,1 9,5
8. Development of creative capabilities 33,3 9,5
9. Ability to navigate complex engineering tasks 29,1 14,7
10. Use of knowledge gained in lectures and practical classes 9,5 47,6
11. Skills of solving typical problems 14,3 47,6
12. Use knowledge from previously studied topics 38,1 61,9"

Note. The detected statistically relevant differences at the level of confidence of 95% are indicated by one asterisk and at the

level of confidence of 99% by two asterisks.

tivity (N, %) obtained in different studies (in six
questionnaires of academic groups).

The analysis of the data presented in the table
shows that students working on the basis of the
binary technology search for new information
and employ it more actively. The content of the
learning activities has a pronounced interdiscip-
linary nature; they use not only information
related to different academic disciplines, but
also information from beyond the framework
of the study plan (Table 1, point 2). To per-
form training and practical tasks, they com-
bine knowledge from different subject areas,
disciplines and research fields. It is no coinci-
dence that work based on the binary technol-
ogy requires systematization of new knowledge
(Table 1, point 1).

Conditions mentioned in points 3 and 4 are
much more important for work based on the
binary technology than for work based on tra-
ditional project learning technology. These are
factors of exceptional importance for efficiency
of the practice-oriented learning and the forma-
tion of the skills of creative activity. It is neces-
sary to note the importance of the condition
“optimizing task performance” (Table 1, point
4), which means not only finding the solution,
but also optimizing it in accordance with the re-
quirements of the next stage.

From the analysis of these indicators, it also
follows that the range of searching for new in-
formation in independent work based on the
binary technology is much wider, as it includes
the specific issues and topics of disciplines that
are planned for the later stages of the study plan
(Table 1, point 3). These elements of forward-
looking learning form independence, responsi-
bility, creativity and other qualities important
for the engineering profession.

In Table 1 (points 5-8), we can see how the
students assess the level at which their self-
guided work influences feelings of confidence
and readiness for further professional activities.
The analysis of these data demonstrates that the
binary technology actively forms the skills re-
quired for solving new (original) problems (Ta-
ble 1, point 5); in contrast, it has a very slight
impact on forming the skills for solving typical
problems (Table 1, point 11). The most substan-
tial difference was observed in the evaluation
of the influence of study and practical work on
the development of creative capabilities (Ta-
ble 1, point 8) (by more than 3.5 times) and on
the development of system analysis and think-
ing (Table 1, point 7) (by more than 4 times).
Work based on the binary technology actively
influences the development of self-education
skills (Table 1, point 6), and ability to navigate
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complex engineering tasks (Table 1, point 9).
Development of these skills and qualities makes
students confident about their capacity to carry
out professional activities.

The study also revealed the strengths of
traditional project-based training used in the
course on EM, which include: a) the ability to
use lecture notes and practical exercises (Table
1, point 10); b) the ability to solve typical tasks
(Table 1, point 11); c) possession of the content
of previously studied topics (Table 1, point 12).
These indicators are important for effective
learning activities and mastering the content of
the discipline. But in this study, they were not
directly related to the development of creative
abilities.

Conclusion

The indicated advantages of binary techno-
logy, which are well demonstrated by the differ-
ence in the indicators obtained are among the
most in-demand qualities of modern engineers.
Graduates who have an experience of study
and practical work based on binary technology
are more active and independent when solving
complicated tasks. They are more prepared to
analyze problems, set goals, carry out expanded
searches for and system analysis of the necessary
information and use it for the development of
constructive solutions.

Using binary technology for the practical
training of bachelor’s students and to prepare
them for engineering activities increases the le-
vel of their creative activity and thus allows them
to develop the abilities necessary for the develop-
ment and production of innovative products.

Thus, on the basis of the obtained data we
can conclude that the developed variant of the
blended technology in the form of integrated
problem-based and project-based learning
provides the achievement of study goals and
develops creative capacities in professional
activity. According to the authors, students
learning on the basis of this technology tend
to be proactive, think unconventionally,
search for new information and develop origi-
nal solutions.

10.
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Annomayua. Cmamvs nocbauena mexHor02uam uHxeHeprozo 06pazobarnus, no3boaraouum
popmupobamv nauboaee bocmpebobannvie npogheccuonanrvrvie Kawecmbay boimycxnuxob baxarab-
puama. Ceran 0630p uccaedobaruii 6 o6aacmu 6redpenus unnobayui 02 cobepuercmbobarus
0bpasobamervrozo npoyecca 6 npaxmuxo-opuermupobannom baxarabpuame. Boideaenvr docmo-
uHcmba u ozparunenus nPoeKxMHOU U NPobaEMHOU MmexHOA0zUul 06y4eHus. B pabome npedcmab-
aeH onvim paspabomxu u npumerenus abmopcron mexHor0zuu 00yueHus Ha ocHobe unmezpayuu
npobaemnozo u npoexmnozo 0byuenus, npednasnaennon 011 nobvimenus xpeamubrocmu obpa-
306amenvrozo npoyecca 6 unxenepron 6axarabpuame. Aano eé onucanue, 6 xomopom noxasanw
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MEXAHUIMDL KOMNALKCHOZO UCHOAL30Banus npeumyuecmsb memodob npobremmnozo u npoexmmozo
06yuenus 6 opmupobanuu npogpeccuonarvrvix Kommemenyuti, Heobxo0umvix 043 unHoBayuon-
HOU DeameavHocmu unxenepa — om npoexmnou paspabomxu do npouszbodcmba nobozo uzderus.
Paccmompenvr dannvie smnupuecrozo uccaedobanus, na ocrobe xomopvix 060crobanvt 6vibodv:
0 MOM, 4MO UHMEZPAUUS NPOOIEMHOZO U NPOLKMHO20 0OY1eHus 6 bude uesr0CcmHOl MEXHOA0ZUY
A6asemes sppexmubroim uncmpymenmom pazbumus méopueckux cnocobrnocmeit y cmydenmod.

Kaouebuie caoba: unsxeneprnoe ob6pasobanue, npoexmmoe obyuenue, npobaemmoe obyuenue,
unmezpauus mexHoaozui 06yuenus, mbopueciue cnocobrocmu
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Cmamws nocmynuaa 6 pedaxyuro 25.05.19
Iocae dopabomxu 30.05.19
IIpunama x nybauxayun 16.06.18

HAYYHAS SAEKTPOHHA4

LIBRAﬁsy’OEKﬁ Science Index PMHII-2017

Bomroch! dmA0CO@MM 16,100
Co1OAOIMYECKME UCCAEAOBAHMS 6,292
Bormrochl OBPA3OBAHMS 5,196
TICUXOAOTMYECKASI HAVKA M OBPA3OBAHME 5,050
DUAOCODCKIUE HAVKU 4,528
TIEAATOITIKA 2,412
BECTHMK MESKAYHAPOAHBIX OPTAHU3ALIUIA 2,328
OBPA3OBAHME Y HAVKA 1,734
DIMCTEMOAOTHAS ¥ ®MAOCODIIS HAVKM 1,647
BbIcIIEE 05PA30BAHUE B Poccim 1,430
VIHTEIPAIVS OBPA3OBAHIS 1,380
DKOHOMMKA OBPA3OBAHIAS 0,971
BBICIIEE OFPA3OBAHUE CETOAHS 0,902
VHUBEPCUTETCKOE YIIPABAEHUE: IIPAKTUKA U AHAAVI3 0,626
ALMA MATER 0,542

UmnskenepHoe o6pasosanye 0,420



