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This study examines what needs to be done to restructure engineering education to meet
today’s challenges. The need to modernize training in high-tech specialties due to the
rapid development of science and technology is substantiated; a short period of time
between innovation and its commercialization; short life cycle of high-tech goods; constant
change in consumer needs. The needs of consumers change due to the influence of
science and technology, changes in the external and internal environment, as well as
changes in the psychosomatic state of the person himself. All these factors add
fundamentally new requirements to the construction of the curriculum and breakdown
by the special workload of students throughout the entire period of study. Modern
universities should provide not only higher education, but also lay the foundation for the
possibility of improving the qualifications of employees throughout their professional
life. Also, additional courses should be formed that will help the university graduate to
adapt to new conditions, if it is necessary to change the received qualification in a
certain field. “Mechanical Engineering Education” in Turkey was chosen as an example.
The importance of specialized mechanical engineering, developments in our public and
private universities that create specialized engineering fields, survey results and criticisms
on this were assessed, and a model proposal was created for the transition to specialized
mechanical engineering in the short and long term. There is no longer any doubt about
the need for distance education, which has become compulsory with the onset of the
global pandemic. This is, first of all, an opportunity for students to independently choose
the time and pace of study that is acceptable for them. Secondly, to choose an educational
institution, in any corner of the world, thereby gaining knowledge of various scientific
disciplines, which is quite effective from a practical point of view. This study also explains
the distance education model in which professional universities will provide their members
with the transfer of rapidly evolving academic industry knowledge.
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Introduction

The rapidly developing information and
communication age has made sector employees and
businesses that do not renew themselves unable to do
business under competitive conditions. This situation
becomes more important in professional groups that
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use new and advanced technology. While in many
European countries a profession requires updating after
24-26 months, this situation becomes important in a
short time such as 18-24 months for the USA and
Japan. Because; In order for employees with a diploma
to receive a good standard of living and a high salary,
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they need to constantly improve themselves and receive
lifelong education.

This rapid development of technology has made
it necessary for branches of science to specialize and
be divided into sub-branches. Nowadays, areas of
expertise that deal with more detailed issues are gaining
importance.

Purpose of the article

The article aims to develop directions for the
restructuration of engineering education to modern
challenges.

Presentation of the main material

This study was conducted on Mechanical
Engineering Education. In general, mechanical
engineering addresses a very wide field. Over the years,
specialist course plans and diploma fields have emerged
to replace general mechanical engineering education.
Generally, courses on general and common subjects
are given in the first 3-4 semesters, and elective
specialization courses are given in the following
semesters. Students; At this stage, they focus on the
subjects they are interested in, thus ensuring that the
graduates specialize. In some cases, specialization
occurs during master’s and doctoral education.

Today, technological developments significantly
affect engineering education. Developed universities
are the pioneers of this change. Universities in Turkey,

known for their high quality of education, allocate
significant budget resources to this change. However,
some private universities prefer professional groups
that require less investment instead of expensive fields
that require high investment budgets. Fields such as
energy engineering, mechatronics engineering and
biomedical engineering, production systems
engineering, materials engineering, telecommunications
engineering and software engineering are of interest
[1, 4-6].

Besides these, advanced technological equipment
and computer-controlled systems are used in
applications such as smart building applications,
variable refrigerant flow rate (VRV), variable air flow
rate (VAV) central systems, clean air quality rooms,
full air conditioning systems, industrial air conditioning
systems.

As an example, Turkey’s most popular university
in the field of engineering, Istanbul Technical
University, offers the courses in Table 1 in its graduate
education in plumbing engineering. After giving
common courses to students studying in the mechanical
engineering department in the fields of plumbing,
energy, automotive and control, he wants the students
to choose elective courses in the fields they want to
specialize in the 6-7-8 semesters and thus specialize.
Elective field courses are given in Tables 2 and 3.

Table 1

Courses Taught in the Plumbing Engineering Master’s Program

Compulsory Courses

Fall semester Spring semester

Summer semester

Numerica Calculation Methods o
Pipelines

Pump Installations and

Environmental Control and HVAC Systems
For Buildings

Fluid and Heat Transfer Principles

in Instalations Heating Systems

Extinguishing Systems

Fundamentals of Air Conditioning

Air Conditioning Systems

Cooling Technique

Elective Courses

Fall semester Spring semester

Summer semester

Ventilation

Steam I nstallations and Devices| Smoke Evacuation and Pressurization

Alternative Energy Systems

Geothermal District Heating

Heat Economy in HVAC Systems

Table 2
Plumbing Option elective courses
Plumbing Option Energy Option
Natural Gas Installation Power Plants
Steam Boilers Thermal turbo machines
Fire security Steam Boilers
Building Automation Energy Management

Table 3
Energy and installation option elective courses
Installation Energy
Building Installation Advanced Fluid Mechanics
Thermal System Design | Solar Energy

Process Technique Gas Turbines

Solar Energy

Process Technique
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When examining Balikesir University as a
different university, in addition to Istanbul Technical
University, which is Turkey’s most well-known
university in the fields of engineering, in the Mechanical
Engineering Department of the Faculty of Engineering;

Students who are allocated to the fields of
thermodynamics, energy, mechanics, manufacturing
and machine dynamics take the specialization courses
in Table-4 in addition to the common general courses,
starting from the 5th semester.

Table 4

Plumbing Field Courses Taught in the Department of Mechanical Engineering

5th semester 6th semester

7th semester

8th semester

Plumbing
Env1rqnmcnta] HeatingVentilation2
Technique )
Heat transfer
Fuel and
Combustion

Mass Transfer
Steam Boilers

Steam Turbines
Insulation Technique
Cooling Technique
HeatingVentilation2

Gas Turbines

Air conditioning

Energy Economy

Boiler Assistants
Various Cooling Systems
Solar Energy Systems
Natural Gas Systems

Some universities in the American school are
structured with fewer comprehensive faculties and more
departments within faculties. For example, Faculty of
Engineering and Natural Sciences consists of the
following departments, Material science and
engineering, Energy Engineering, Production Systems
Engineering, Mechatronic Engineering, Industrial
Engineering, Micro Electronics Engineering, Electronic
Engineering and Computer Science,
Telecommunications Engineering, Computer Science
and Engineering, Biological Sciences and
Bioengineering.

The fact that courses for specialization in
Mechanical Engineering departments are generally
opened in the 7th and 8th semesters causes the number
of courses and credits related to these fields to be
insufficient or the courses to be integrated into each
other. Some of our universities realized this situation
and started branching out in the 5th or 6th semesters,
as seen in Tables 1—4.

The need for expert mechanical engineering and
the importance of this model can be seen in the
results of a detailed survey we conducted for mechanical
engineers working in the plumbing sector.

The majority of the mechanical engineers who
participated in the survey we conducted across the
country were selected from among those who
graduated from the departments that mainly teach
plumbing courses at universities (Heat Process, Energy
and Thermodynamics) and are currently working in
these sectors. Interviewers stated that the courses
they took were not sufficient for the plumbing
industry.

Mechanical engineers, who want to be divided
into fields mostly in the 5th semester, say that the
practical course hours during their education are

insufficient (refrigeration, air conditioning, plumbing,
heating, solar energy, natural gas, fire installation),
and that there are project courses at the end of each
course taught about installation. They state that it is
necessary.

They mostly want industrial internships to start
in the 2nd semester and even to have internships in
all semesters by adjusting the academic calendar. Thus,
it becomes important for education and industry to
coexist and for students to get to know workplaces in
parallel with their education.

The importance of carrying out projects addressing
the problems of the sector during training (80%) and
rearranging lesson plans for specialization (75%) are
emphasized in the survey results [2].

Two models can be considered in Specialist
Mechanical Engineering. Short term model and long
term model.

In the short-term model, common courses in
the first 2 years, and gradually increasing courses specific
to the field of specialization in the next 2 years.

In the long-term model, opening departments
in faculties directly related to specialization subjects
may be considered. For example (in mechanical
engineering subjects), Mechanical-Installation
Engineering, Mechanical-Automotive Engineering,
Mechanical-General Manufacturing Engineering,
Mechanical-Materials Science and Engineering,
Mechanical-Mechatronics Engineering, Mechanical-
Production Systems Engineering.

Since establishing workshop and laboratory
infrastructures in engineering education is expensive,
the short-term model can be considered a more
economical solution. In this case, the courses that
should be given during the 4-year education period
are seen in Tables 5 and 6.

A different approach for engineering education in line with modern scientific developments
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Table 5
Courses that must be taught between 1-4 semesters in Specialist Mechanical Engineering
1st semester 2nd semester 3rd semester 4th semester
Courses T-P-L Courses T-P-L Courses T-P-L Courses T-P-L
Mathematics 1 | 3-2-0 Mathematics 2 3-2-0 Mathematics 3 3-2-0 Mathematics 4 3-2-0
Physics 3-0-1 Mechanic 2-2-0 static 3-1-0 Heat Transfer 3-1-0
Gcnc.ral 2-0-1 Dinamic 2-0-1 Thermodynamics | 3-1-0 Material 3-0-1
Chemistry
Geometry |2-2-0( Technical Drawing |2-2-0 | Fluids Mechanics 2 |3-0-1| Machine Elements-1 | 3-0-1
Computer | |[2-0-1| Fluid Mechanics 1 | 3-0-1 | Technical English-1 |2-0-0| Technical English-2 | 2-0-0
Mechanical -1, Computer 2 3-0-0 Auto-CAD 2-1-0 | Specialization course-3 | 2-0-0
Engineering
History 4-0-0 English-2 2-0-0 | Specialization course-2 | 3-1-0 Project-2 2-1-0
Turkish 4-0-0 | Specialization course-1 | 1-2-0 Lab-1 3-0-0 Lab-2 0-0-3
English-1 |2-0-0 Project-1 2-0-1 - — | industry application-2
------ industry application-1 - -
(T-P-L: Theoretical, practical and laboratory)
Table 6
Courses to be taken between 5-8 semesters in plumbing engineering
5th semester 6th semester 7th semester 8th semester
Courses T-P-L Courses T-P-L Courses T-P-L Courses T-P-L
Computer-1 |2-1-0 Computer-2 2-1-0 | Engineering Statistics | 2-0-0 Quality control 2-0-1
Energy 3-0-0 | Business Economics | 2-0-0 Business law 3-0-0| Factory organization |2-0-0
Management
Machine Manufacturing Manufacturing =—
Elements-2 3-1-0 E——— 3-0-1 Procedures-2 3-0-1 [Specialization course-11{ 2-0-2
Ekonomy | 2-0-0 |Specialization course-6| 3-0-0 | Specialization course-8 | 3-0-1 |Specialization course-12{ 2-0-1
Spif)l;l:lziwn 3-0-1 [Specialization course-7| 2-0-1 |Specialization course-9 | 3-0-1 [Specialization course-13| 3-0-1
sz‘f}'j:;if‘;“’“ 3-0-1 Lab-4 3-0-0 [Specialization course-10] 2-0-1 [Specialization course-14| 2-0-1
Lab-3 2-0-2 Lab-5 3-0-0 Lab-6 3-0-0
Computer Aided. 2:2:0(— DiplomStity 201
Computer . 2-2-0 . industry application-4
. Project-2 Computer Aided.
Aided 1-2-0 "
. Project-3
Project-1
industry application-3

(T-P-L: Theoretical, practical and laboratory)

As seen in Tables 5 and 6, courses aimed at
specialization were withdrawn until the 2nd semester
to ensure that the courses did not overlap each other.
Starting from the semester in which the specialization
courses started, field laboratory courses have been
included with the field courses in the same semester.

In addition to the general mechanical engineering
courses, the specialist mechanical engineer candidate
who studies the courses in eight semesters; He studies
14 specialization courses, 6 specialization laboratories,

5 specialization project courses and does 4 specialization
industrial internships related to the specialization
courses at the end of the spring semester.

Conclusion and recommendations

The increase in the number of options in
Mechanical Engineering departments has led to an
increase in the number of courses taught in areas of
specialization. However, allocation to options usually
starts in the 7th semester and courses that should
have been taught one or two semesters ago are taught
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in the same semester, causing the courses to overlap
with each other. This situation causes the issues to be
poorly understood.

In the model proposal for transition to specialist
mechanical engineering in the short and long term,
prerequisite courses are determined in both general
mechanical engineering courses and specialization
courses, ensuring that the courses do not overlap each
other. In order to understand the specialization courses
properly, project and laboratory courses are
recommended in both models.

Widespread application in the world; After
undergraduate education, postgraduate and doctoral
studies are carried out for specialization. Universities
and professional organizations should organize courses
and practical training at certain periods in order to
transfer the rapidly developing technology to their
former graduates. Thus, it will be possible to eliminate
the generation gap in graduates.

Although this study was conducted on
mechanical engineering, it should be done for all
professional groups. Having expert employees in
business life is very important in terms of introducing
technology to businesses faster and modernizing
businesses.

REFERENCES

1. Graduate school of informatics (n.d.). www.ii.metu.edu.tr.
Retrieved from http://www.ii.metu.edu.tr/EMK/
2001BCREDIT.html [in English].

2. Okuyan, C., & Ve Erturk, M. (2005). Bilim — Teknoloji
ve Bilgi Cagindaki Uzman Makine Muhendisligi Egitimi Icin
Farkli Bir Yaklasim [A Different Approach to Specialist
Mechanical Engineering Education in the Age of Science —
Technology and Information]. TMMOB Muhendislik Egitimi
sempozyumu, 17-18 Kasim, Ankara [in Turkish].

3. MDBF Diploma Programlari Ve Dereceleri [MDBF
Diploma Programs And Degrees]. (n.d.). www.sabanciuniv.edu.tr.
Retrieved http://www.sabanciuniv.edu.tr/
? Diploma?Programlar-rwri/
MDBFDiplomaProgramlariVeDereceleri.html [in Turkish].

4. Baskent university (n.d.). www.baskent.edu.tr. Retrieved
from http://www.baskent.edu.tr/ [in English].

5. ITU Graduate School (n.d.). www.fbe.itu.edu.tr. Retrieved
from http://www.fbe.itu.edu.tr/ [in English].

6. Balikesir University (n.d.). www.balikesir.edu.tr. Retrieved
from https://www.balikesir.edu.tr/class1234.htm [in English].

from

Received 20.09.2023.

Revised 30.09.2023.
Accepted 20.10.2023.
Published 25.12.2023.

JTU®EPEHIIIOBAHUI MIIXIJT 1O ITHXEHEPHOI
OCBITH HA OCHOBI CYYACHUX HAYKOBUX
PO3POBOK

Oxyan Kemaawv, Yynpuna Hamaais

Y ubomy docaidncenni posensioaromecs Hanpsamu pecmpyk-
mypusayii iHJceHepHoi océimu 8ionoioHo 00 cyacHux npooaem.
O6rpyHmMosano HeoOXiOHicmb MOOepHI3auii HABUAHHS BUCOKOMeX-
HON0RIYHUX cneyianbHocmell uepe3 WeUOKUU PO3BUMOK HAYKU ma
mexHoA0eil; HeGeAUKULI NPOMINCOK uacy Mmidxc Hogayicio ma ii Ko-
Mepuianizayicro; Matum JICUMMEBUM UUKAOM GUCOKOMEXHOA02IY-
HUX moeapie; nocmitiHolo 3MiHol nompeb cnojcusauie. I[lompe-
Ou cnojcueauie 3MIHIOIOMbCS Yepe3 6NAUE HAVKU [ MexHO0A0eil,
3MIHU 308HIUHBO20 | BHYMPIUHB020 Cepedosuld, a makoic 3MIiHU
NCUXOCAMOMUYHO20 CMAHY camoi awdunu. Bci uyi ¢pakmopu do-
daloms NPUHUUNOBO HOBUX 6UMO2 00 N0OY008U HAGHANbHO20 NAA-
Hy ma po30ueKu 3a CHeuianbHUM HABAHMANCEHHAM CMYOeHMI8
Ha npomssi écvoeo nepiody HasuanHs. CyuacHi yHieepcumemu
noeuHHi Hadasamu He Auule uwyy ocgimy, aire i 3aksadamu
niOTpyHmMst 0451 MONCAUBOCMI NIOBUUEHHs Keaaipikauii npauyié-
HuKié Ha npomssi ecboeo ix npoghecitinoeo wcumms. Takoorc,
maromes 6ymu copmosani dodamrosi Kypcu, Ki 00ROMONCYMb
BUNYCKHUKY YHigepcumemy adanmysamucsi 00 HOGUX YMO08, Npu
HeoOXIOHOCMI 3MIHU OMPUMAHOI Keanriikayii y neeHiti eanysi.
«Mexaniuna inscenepna oceima» 6 Typeuuuni 6yau o6pani K npu-
Kkaad. byao ouineno easxcausicmo cneyianizoeanoeo MauiuHooy-
0y8aHHs, pO3pOOKU 6 HAUWUX OePICAGHUX | NPUBAMHUX YHIGepCU-
memax, AKi CMBOPIWMb CNeyianizo8ani iHJiCeHepHi eanysi, pe-
3yAbmamu ONUMYBAHHSA Ma KPUMUKY 3 Ub0eo npueody, i 0ya0
CMBOPeHo MOOeAbHY NPONO3UUilo 0451 nepexody 00 cheuianizosa-
HO20 MAawUuHOOY0y8ants 6 KOPOMKOCMPOKOBIU i 00820CMpPOKO0Bil
nepcnekmuesax. Heobxionicme 6 ducmanyiiniti océimi, ska npu-
MYCO8a CMAAa MACOBOK) C NOUYAMKOM C8IMo8oi nanoemii, exce He
mae cymuigie. lle, no-nepuie moxcaugicms cmyodeHmam camo-
CMIUHO obupamu NPUUHAMHUL came O Hb020 4ac i memn Ha-
euanns. Ilo-opyee, obupamu HasuaivHuii 3akaad, 6 0yob sKomy
KYMOUKY c8imy, mum camum OMpUMYIOHU 3HAHHS DI3HUX HAYKO-
BUX WIKIG, W0 € doCcUMb eheKMUBHUM 3 NPAKMUHHOI MOUKU 30D).
Y uvomy docaioncenni makooc nosichena mooenb OUCMAHUILHOT
oceéimu, 6 AKill npoghecitini yHigepcumemu 3a06e3neuyeamumyms
C60IM uneHam nepedayy aKaoemiuHux 2any3eéux 3HaHb, KI po3-
B8UBAIOMbCA WBUOKUMU MEMNAMU.

KarouoBi caoBa: ocBiTa, iHXeHepisi, OCBiTHiI KypcH,
MOJepHi3allisl, crmelianisallisi, BUNYCKHUKM, TiABUILIEHHS
KBasidikartii.
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This study examines what needs to be done to restructure
engineering education to meet today’s challenges. The need to
modernize training in high-tech specialties due to the rapid
development of science and technology is substantiated; a short
period of time between innovation and its commercialization; short
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life cycle of high-tech goods, constant change in consumer needs.
The needs of consumers change due to the influence of science
and technology, changes in the external and internal environment,
as well as changes in the psychosomatic state of the person himself.
All these factors add fundamentally new requirements to the
construction of the curriculum and breakdown by the special
workload of students throughout the entire period of study. Modern
universities should provide not only higher education, but also lay
the foundation for the possibility of improving the qualifications of
employees throughout their professional life. Also, additional courses
should be formed that will help the university graduate to adapt to
new conditions, if it is necessary to change the received qualification
in a certain field. “Mechanical Engineering Education” in Turkey
was chosen as an example. The importance of specialized mechanical
engineering, developments in our public and private universities
that create specialized engineering fields, survey results and criticisms
on this were assessed, and a model proposal was created for the
transition to specialized mechanical engineering in the short and
long term. There is no longer any doubt about the need for distance
education, which has become compulsory with the onset of the
global pandemic. This is, first of all, an opportunity for students to
independently choose the time and pace of study that is acceptable
for them. Secondly, to choose an educational institution, in any
corner of the world, thereby gaining knowledge of various scientific
disciplines, which is quite effective from a practical point of view.
This study also explains the distance education model in which
professional universities will provide their members with the transfer
of rapidly evolving academic industry knowledge.

Keywords: education, engineering, educational courses,
modernization, specialization, graduates, qualification improve-
ment.
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