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Abstract

The world revolves around innovation, new ideas, new products, and new problems solutions. Science,
technology, engineering and STEM is the foundation for innovation. The development of STEM
education is crucial to the development of modern information society. In Ukraine, the implementation
process of STEAM and STEM education is gaining rotation. Courses on issues of Internet-things,
embedded systems and other areas of modern engineering are introduced at universities. One of these
courses is to teach students of different specialties of 3D technology printing and forming their skills in
the use of this technology to create their own innovative projects within their professional competence.
In Borys Grinchenko Kyiv University the curriculum and appropriate methodological support for the
implementation of such course in the educational process have been created under the support of the
Tempus project 544091-TEMPUS-1-2013-1-BE-TEMPUS-JPCR. Development courses on embedded
systems using innovative approaches for virtual integration of science, education and industry in
Ukraine, Georgia and Armenia and features of training students under these courses have been
revealed in the article.
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2 INTRODUCTION

A successful economy is based on a way of thinking, based on innovation and creativity, research and
development. Many successful entrepreneurs around the world have experience with innovative
technologies to help them to create new successful business. As the practice most of them were
studying under the STEM education standards. That is why this trend is promising and relevant
educational activities today. The exact origin of this area has been lost to education history; acronym
was appeared only in the last 15-25 years. Since then, this area has become a key factor in educational
policy. In order to meet the needs of a modern technological society and develop the population,
especially the youth, desire and ability to engage in science and technology, STEM education should
be developed at school, based on a formal and informal basis. This is especially true for education,
which is aiming to overcome «STEM gap" - the large number of vacancies due to lack of skilled workers.
In Finland it is believed that if the school leavers will have the actual stock of practical knowledge with
all the latest computer technology and skills to search information effectively, we can expect that it will
benefit not only for themselves but also the state. The experiment of teaching no special sciences has
begun but young people from 15 years study professional courses that are directly related to real life
[4].

Some researchers argue that STEM is too narrow focus. One of the alternatives is a STEAM which was
first launched in 2006 (science, technology, engineering, arts and mathematics).lt is considered the
founder of this direction is G. Yakman, who expresses the view that "science and technology are
interpreted by engineering and art, all this is happening in the calculation of the mathematical elements
"[6].

3 LEARNING 3D PRINTING AS PART STEAM-EDUCATION

STEAM-education involves addition to providing domain-specific knowledge related to the development
of deductive and inductive and logical thinking - increasing creativity, critical thinking, flexibility,
adaptability, social and cross-cultural skills related to art. Thus, STEAM education aimed at creating an
intelligent professionals who are STEM-skilled, creative and innovative. In Korea, the Ministry of
Education, Science and Technology has received STEAM education as a means to increase the interest
of students to STEM subjects and as a result promote science and technology in the Korean society [1].

National Science Foundation (NSF) and the National Arts Foundation (NEA) in the United States after
bilateral discussions have believed that the addition of Art (A) to STEM is not enough. You should also
add thinking skills embodied in reading and writing. (Eng. English Reading and Writing), since STEAM
transformed into STREAM. Competence is an essential component for Science and Technology, as
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experts are able to write projects and experiments, writing reports properly communicate and
collaborate. STEAM and STEM education provides motivation to study practical synergy of science,
technology, mathematics, engineering and the arts. The principles of STREAM education include:

1. Practical integration of science and skilled: model is based on researches using instructions that
combine practical training, analysis, synthesis, vocabulary, discuss and organize data.

2. Providing opportunities for learning through research, reading, writing and math skills using a
scientific context.

Increased interest in students of all specialties is the use of 3D-printing (in the context of a combination
of scanning-printing-design) in the educational process. A distinctive feature of modern society is the
rapid development of the IT-industry, robotics, nanotechnology, 3D-printing and the Internet-things,
causing the need for skilled professionals in the global arena and at least basic skills in each. Currently
3D-printing in education is novelty in some extent, it is most used in engineering and physics, but
creative use of 3D-printing is biology and other sciences is rapidly developing. [8]

3D-printing technology is especially interested in students of specialty "Primary School" and "Design".
Students polls at Borys Grinchenko Kyiv University might show the main reasons for interest and
combine them into categories:

— Interest in innovative technologies for the production.
— The use of 3D-printing in various fields.

— Ability to create new objects.

— Design work.

— Experience for a future career.

— New knowledge.

— Practical skills.

Students are offered interesting options for using 3D-printing technology - for history, interior design and
more. Under the polls it was developed the program of additive technology education for students of
different specialties (Table. 1)

Table 1: The training course.

Topic Description
3D-printers: basic What is a 3D-printer and what types are.
concepts Stages of 3D-printing technology. Materials for 3D-

training models for 3D-
printing. Features models.
Requirements for 3D
models and types of
printing

Stages of training models
for 3D-printing. Features
models. Requirements for
3D models

3D design

printing. Areas of use of printed models.
New in 3D-Printing

The concept of the format STL, G-code,
raft, Supports, delamination, filling
models. Features 3D-model, which will
be published

Working with service Tinkercad. Plane.
adding objects, forming holes, ready
models import, export
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Slicing model and Training models for print, configure print
configure print settings settings (heating table, extruders, rafts,
Supports and filling)

Printing and correction of Getting to know the printing process

3D models models and further correction of finished
model
Project work Implementation of the joint project

"Dream University"

During the 2016 in the framework of the international project Tempus DesIRE for implementing
technology 3D-printing in the educational activities of the university introduced the appropriate elective
course students for different specialties «Technology of 3D-Printing". It was a project on Wiki portal
Borys Grinchenko Kyiv University for technical support [5] (Figure 1).

3D apyk - Big Teopil A0 NpaKTHEA

NabopaTopida = BEYNOBAHMXK
cHzTeM

3D gpyx - Bij Teopii jgo
IT} AKTHEM

II‘DnDBHa CnoBHMRE | Dictionary | CooBape

CoSnaHMe BbpERTHEHHK ENeRTpOHEL EypcH S
SNeRTPOHHEX RYDCOBR BEY,EDB&HMX CHOTEM

3MiET [noxasary]

3aHATTA 1 "3 NpYHTSpK: OCHOBHI MOHATTA Ta BHAM APYKY" (peal

11 1paBna 2016 poky cry, K 0 yHi V¥ iMeni Bopuca MPiHYEHKa B3ANM YUACTH B PODOTI BKCTIEPMMEHTANLHONO rYPTHE «30 APy - Big, TRODIT 1,0 NpaKTMiahs, Akl iHILH0 saHn HaTanisn Bik TopisHoo

Mopae, NPOREKTOROM 3 IHBORMETHSaU, HAEBYaNEHO-HEYK OBDT Ta YNRaE NIHCEKOT BIANEHOCTI, B pamiax MixHapogHom nposkTy Tempus DesiRE 408 BNpOsagmeHHA TexHoNo 30 AoykyY B OCEITHID BIANEHICTE YHIB SpCHTETY. 0 NHoEEAEHHA
38HATE Gy 3anyyeHi Ninia BapqeHko-TooUEHKD, HEYKROEWIA CNiB poSiTHME HAM iHbopmaTHIawi oCBiTH, Mapia MagyH, sMknaged Lknoeal KoMicl BKOHOMIKO-MATEMATMYHIX AHCLMNAIN | MEHELKMEHTY YHIBERCUTETCEKD D KONELKY,
AnacTacia TOTIoHHK, METORMGT LEHTPY |KT-KomneTenuji HIL indopraTusali 0csma

T 486 3aHAMITR YHECHUNY DIBHEINCA NpD mexpanoeil 30 Spysy, Sud 30 et el i Crydenma o3nati 3 30 dpysy ma chepamy mexnanoaii

POZENARIY o DERYE0C ] STL-JonMany, QCHIERT J, Akl niow 30 Mo0en] M Many ImMaZY Ka BRACHI ol noGaIn Rpadec ApYKY.

By ey THl CTyASHTH FymariTaprom, Megs miiHom HeTHTy Ty, YhisepenTeTonkom konegiy Ta MeTiTyTy cyeninscTea

HapuanbHi Watepianu [pea]
« 30 RMHTERN. OCHOBHI NOHATTA Ta BUAN ARYKY
o Chepi BMKORWMCTEHRA 3D-apyRY
« Mpaguna 30 Apyey

Figure 1: Project on Wiki portal

Wiki-portal was created as a platform for implementation of educational technologies aimed on the active
students and teachers, all members of the educational process. Wiki portal operates on the technology
«wiki». Using the wiki-technology is possible without any effort to place a variety of educational web
resources, share ideas, re-use web resources are based on the contribution of many participants [2].
The main feature of the technology is that any person can register and write in an article for specific
requirements. Other members can build upon it and make changes. The history of each article creation
is kept. [3] It allows a large number of users to work on one e-resource, add items to discuss, insert
images, polls on video, audio, maps, skills and other resources that implement electronic collaboration
to create a shared resource.

In this project, students can learn the theory, find its complement, participate in discussions, find plenty
of useful references and see the practical problems.

The students’ polls showed that students of non-technical specialties study additive technologies and
implement them in future professional activities with interesting. The most interesting thing for students
is a 3D-design slicing and 3D-printing settings, printing and correction model (Figure 2):
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30 NpKHTER. .. (61,5%:0
Etanu nigror. .. (53,8%]
OcofndeocTi... (53,8%)
30 npoekTYE. .. (a4, 6%)
CRadciHr mo. . (76,9%:)
Dk Ta K op. .. (69,2 %)
CTEOREHHAT... 5 (38,5%)
PofoTa= 30... (61,5%)
[Hwe 0 (0%

Figure 2: Respondents' answers on topics of interest group.

The most useful for students were activities such as practical exercises, discussions and homework
(Figure 3):

CEHaAoMne. .

BHEOHaHHA. .. (61,9%)

MpakTHdHI 2. .. (92,3%)
Huckyeil
Mowyk goga. ..

IHWe

Figure 3: Respondents on learning activities.

Students believe that learning 3D-printing is developing such competencies and skills as abstract
thinking, evaluating their own activities and electronic communications mostly (Figure 4):

Hapwdew en. .. (53,8%)
Hagwukw en. .. (38,5%)
Nigepeten—0 (0%
KRHTHUHE M. .. (46,2%:)
ARCTREKTHE. (82,3%)
CamMoopraHi... (23,1%)
BukopucTaH. .. (38,8%)
AHANIS Ta oK. 53,8%)
CUIHKESHHA. .. (B, 2%)
IHWE (53,8%:)

Figure 4: Respondents' answers on skills and competencies that develop 3D-printing study.
All the students said that in the future they would plan to use the acquired skills actively.

Based on surveys of student satisfaction we can draw conclusions about the feasibility of implementing
elective discipline next year for students of all specialties - 84.6% answered yes to the question about
the need for the introduction of such subjects, 15.4% - difficult to determine.

Students also said that 3D-printing could be used actively in the development of embedded systems for
different areas of life and directly to their specialties.

Conclusions

In Ukraine, the implementation process of STEAM and STEM education is gaining rotation. Courses on
issues of Internet-things, embedded systems and other areas of modern engineering are introduced at
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universities. The modern market needs foresee the possession of such knowledge not only of technical
experts, but also in almost all areas. Teaching this course to students of different specialties is very
important. Increased interest of students of all specialties is the use of 3D-printing (in the context of a
combination of scanning-designing-printing) in the educational process, so it can been established into
experiential learning of 3D-printing technology as components of STEAM education and formation of
their skills in the use of technology to create their own innovative projects within their professional
competence.
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