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TEACHING ENGINEERING AND COMPUTER GRAPHICS TO FOREIGN
STUDENTS

Today more than 60000 foreign students study at Ukrainian universities. Most
of them are from the oil/gas producing states of Africa and Asia. These students are
interested in studying at Ivano-Frankivsk National Technical University of Oil and
Gas, which is a major university of oil/gas prospecting, exploration, and transporting.
Thus, they are interested in being employed at international oil and gas producing
companies.

Foreign students have different entrance-level education, so firstly they take
preparatory courses. Except Ukrainian language, they study mathematics, chemistry,
physics, English, and basics of computer sciences. This way, foreign students not
only consolidate their knowledge of these subjects, but also learn technical terms in
Ukrainian and English. These students are highly motivated to study; they always
work hard to get as much as possible from their learning. However, they face some
challenges during their study.

The purpose of this work is to define the challenges of teaching Descriptive
Geometry and Engineering and Computer Graphics to foreign students and to describe
the methods and didactic principles used during the first year of study.

Engineering and Computer Graphics course is one of the basic engineering
courses. The integration of the traditional engineering graphics theory and advanced
computer technology is a trend of the engineering graphics development.

The challenges of teaching engineering graphics are well analyzed in both

Ukrainian and world scholarly literature. Authors always cite positive experience,



presented in the publications by Claus Putz, T. Vereshchagina, Huanyun Wang,
Chunhui Pan, M. Helenowska-Peschke, et al. [1 — 4]. The faculty members of the
Engineering and Computer Graphic Department of Ivano-Frankivsk National
University of Oil and Gas (Ukraine) also have positive teaching experience, which
supplements the afore-mentioned authors. Their best practices are presented in this
article.

Engineering and Computer Graphics course is developed at the Ivano-Frankivsk
National Technical University of Oil and Gas (Ukraine) to provide students with the
basic knowledge for successful future work with design documentation. This course is a
component of a complex course entitled “Descriptive Geometry, Engineering and
Computer Graphics”. It provides first-year students with a background in descriptive
geometry, orthographic projection and elementary geometrical figures projection,
positional and metric tasks, rectification of projection (projection conversion), surfaces,
solids and their intersections; engineering drawing standards, dimensioning, detail’s
joints imagination, design documentation and computer graphic editors, etc.

The course Descriptive Geometry, Engineering and Computer Graphics
consists of two modules. Students study the module Descriptive Geometry during
first semester and the module Engineering and Computer Graphics — during the
second one. The lectures require visualization tools (posters, models, slides, videos),
as many foreign students lack technical English skills and knowledge.

As the curriculum for foreign students does not contain any substantive
changes compared to the accredited curriculum, the universities face certain
challenges when teaching it. An exception here is teaching descriptive geometry in
English, as this subject, in essence, is an international discipline and not based on
national standards system of any state. All teaching materials (lectures, workbooks,
collections of graphics problems, methodology materials for graphics woks, etc.) are
the translation into English of those developed for Ukrainian students. It should be
mentioned that these materials do not differ significantly from those available in the
English-speaking countries. The translation of descriptive geometry terms presents no

problems as well.



However, for another part of course, i.e., the module entitled “Engineering and
Computer Graphics”, the situation is quite the contrary and very complicated,
because Ukrainian terms and definitions of engineering graphics, which are based on
the Unified System of Design Documentation (USDD) standards, cannot always be
translated directly and correctly into English. Ukrainian national standards, based on
the standards of the former USSR, are different from drawings standards accepted in
the United States and Europe. These are, for example, drawing sheet formats, title
blocks and their layout, hatching, drawing symbol system, views placing,
dimensioning, etc. For example, such topics as projection drawing, threads and thread
joints marking, sketching, assembly drawings, and design documentation differ
significantly in Ukraine and in the English-speaking states. Thus, the lack of English
standards and some corresponding drawing terms complicates the work of students
with the standards. Since, as it was mentioned above, foreign students follow the
same curriculum as Ukrainian ones, the study of drawing standards used in the
English-speaking states is not provided. This is one of the main challenges of
teaching this subject. The department of Engineering and Computer Graphics of
Ivano-Frankivsk National Technical University of Oil and Gas developed a course of
Engineering and Computer Graphics on the basis of the Unified System of Design
Documentation and offer it to foreign students translated into English, which is a
compromise decision.

As mentioned above, there are some challenges in teaching foreign students. It
1s worthwhile to note that some of them are relevant not only to foreign students, but
to other first-year students:

1. Insufficient entry level of knowledge in mathematics, drawing, informatics,
and other subjects. Preparatory courses give students some basic knowledge of these
subjects, but not drawing skills.

2. Essential difference in teaching methods and forms used in the post-USSR
schools and universities and foreign schools and universities.

3. Today foreign students can select Ukrainian or Russian as their language of

instruction despite the fact that all Ukrainian universities use Ukrainian (sometimes



English). After preparatory courses, students can select a university to study. Students
explain their choice of the Russian language for preparatory courses by the fact that
Russian is more widespread in the world than Ukrainian and they are interested in
studying it.

4. Lack of the skills of independent work. Some students cannot take notes
during lectures, work with sources of information, and analyze large amounts of
information. They cannot and sometimes do not want to use the University’s library.

5. Lack of basic computer training; students view computers as entertainment,
not work.

The majority of these problems disappear by the second or third years of study,
but they are urgent for first-year students.

On the other hand, foreign students are very motivated to study. They are very
serious about their successes and failures; they ask questions about their grades.

The major methods and didactic principles of teaching first-year students are:

— English as a language of instruction;

— maximum visualization of the examples of expected performance;

— use of methodological materials with step-by-step explanations;

— small groups of students (no more than 20 people) at practical classes;

— availability of free tutorials, books, notes, video-courses;

— wide use of tests as a continuous assessment tool;

—design and introduction of supplementary practical exercises and upgrading

of the existing ones; and

— individual approach to every student.

These methods are directed to the maximum assimilation of information by
students. The practical use of these methods is presented below.

The theoretical foundation for the practical classes is provided in the lectures. The
structure of lectures is traditional. In order to simplify the integration of Engineering and
Computer Graphics into the professional courses, the examples of expected
performance and tasks are either relevant to the professional tasks or based on the

professional tasks. Visualization is widely used for the lectures. For instance, the topic



“Geometrical Drawing (Dimensioning)” is illustrated with a step-by-step explanation
of all operations. The sample of the sketch drawing with a step-by-step explanation is

presented in Figure 1.

Fig. 1. Sketch drawing of a connective pipe

Practical and laboratory classes are used to consolidate the knowledge acquired
during lectures. Topics of practical classes include such themes as: geometrical drawing,
dimensions and drawing standards; projective drawing; image views (views, sections,
cross-sections, and detail drawing), threads and fasteners, couplings, thread joints,
sketches and fixing arrangements, couplings, coupling connections, component sketches
and drawings, complex elements drawings, and design documentation). Students are to
be ready for the class, as every class session begins with a test on theory. After that, the
instructor briefly rehearses the theoretical information presented during lectures and
explains new material. The instructor demonstrates the solution of a typical task and
discusses it with students. After that students work independently. As a rule, they
complete their tasks during the session, but sometimes do it at home. Students’
independent work is comprised of complex tasks.

The content of laboratory classes consists in studying the graphic editor Compass
and drawing using this software. This course covers the fundamentals of technical

drawing and introduces students to computer design focusing on its application in



technical engineering. Topics include geometrical drawing, spatial modelling and using

COMPASS-embedded libraries. The samples of labs are presented in Figures 2, 3, and 4.
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Fig. 2. The samples of laboratory works 1 and 2.

First lab is devoted to the geometrical drawing and dimensions (fig. 2A). Students
are to draw a 2-dimensional element, dimension it, and fill in the title-block according to
the existing technical documentation standards. They are to learn elementary drawing
elements in geometrical construction (line, circle, arc, rounding, chamfered edge,
polygon, etc.) and the dimensional tool bar.

The second laboratory works (fig. 3B) is on 3-dimensional modelling. Students
study the main methods of spatial modelling according to the object of modelling, as
well as learn how to use its tools. Their task is to draw a 3-dimensional model of a
prism based on its 2 projections and to automatically generate a prism in
3 projections with sections and oblique cross-sections, as well as its isometric view.
Graphical Editor builds these drawing and makes sections and cross-sections

automatically. There are step-by-step explanations for every laboratory work (fig. 3).
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Fig. 3. The sample of the tutorial with step-by step explanation

Laboratory work 3 is focused on the parametric libraries (machine building in
particular) and their major documents. The task of Lab 3 is to retrieve from the
parametric library various fasteners (bolt, nut, washer) and dimension them.

Laboratory work 4 is devoted to assembly drawing. The task is to develop a 3-
dimensional model of an assembly unit, for example, a bolted or peg joint, to do

necessary calculations, to draw it, and to fill in the specifications sheet.



A typical structure of a laboratory class is similar to the practical one. Students
have to come to the class prepared, because each session begins with a computer test
with theoretical questions.

The duration of this test is 10 — 15 minutes. Computer test consists of 10— 15

theoretical questions. The sample of the test is given in figure 4.
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Fig. 4. A screenshot of a sample test task.

The tasks for entry-testing are the following:

—systematic regular control of student’s knowledge at all stages of teaching

process;

— boosting of students’ motivation to study;

— practicing of English terms; and

—as tests include lecture material, students review it during their preparation for

laboratory classes, which is especially important for foreign students.

Testing results are used both by instructors and students: unsatisfactory results
reveal the main problems in student’s knowledge and suggest to the instructor which

sections of the material needs attention.



After that, the instructor presents a new task and explains how to complete it in a
graphic editor demonstrating that with the help of remote control software. Thus, on
their monitors, students can see all actions of the instructor with his/her explanations and
a step-by-step instruction. Students can ask questions. Furthermore, this software allows
the instructor to monitor the actions of every student and coordinate them.

The instructor provides the solution of typical tasks and discusses it with students.
After that, students are asked to work on special tasks.

Later students receive their individual tasks. If they have questions, the instructor
answers them. A video of all actions of the instructor is available for each lab as well.

Students can use this video at any time during the class session or their individual
work. These videos are free for students. As a rule, students complete their tasks during
the class session, but some lab assignments are intended for 2 class sessions. Sometimes
students complete them at home. Methodological recommendations contain a step-by-
step explanation and are developed for every lab class. The use of these videos has
proved to be positive, so today the teaching materials for the study of “‘computer-based”
subjects include an e-textbook, an e-laboratory practicum with a step-by-step
explanation, and other video materials.

The efficiency of video materials was analyzed by comparing the results of two
groups of students: the first group did not use videos and the second one did. The
average grade of the second group was 4.2; at the same time, the average grade of the
first group was 3.9 out of 5.

Thus, multimedia systems give a unique opportunity to provide a huge amount of
useful and interesting information in the most convenient and accessible way. Due to
this, they are widely used in various fields: science, education, etc. Having such teaching
tools makes class sessions more efficient and facilitates the teaching/learning of foreign
students.

If class sessions are well-structured, students have enough time for lab works.
They have the opportunity to watch a video if they need help in their work.

Every year, the number of foreign students in Ivano-Frankivsk University of Oil

and Gas increases. They opt for engineering majors in English. Therefore, in the future,



it is proposed to extend the course of engineering and computer graphics with the
material comparing Ukrainian and foreign standards (one or two lectures). Nowadays,
the Internet provides a free access to a lot of drawings, product data sheets and other
documentation, which can be used as to develop such lectures. This approach requires a
thorough generalization of various materials, the creation of a library of foreign
textbooks and manuals, the development of the new system “Dictionary-Thesaurus”, i.¢.,
in which a foreign term is associated with a Ukrainian one and its contents is explained.
This approach will help to overcome differences in terminology and enable a faster and
more effective explanation of a complex material.

Thus, we can make the following conclusions:

1. The main challenges of teaching foreign students are: insufficient level of
entry knowledge of basic general subjects; essential difference in methods and forms
of teaching used in post-USSR and foreign schools and universities; lack of skills of
independent work; and insufficient computer literacy.

2. The main methods and didactic principles of the optimization of teaching
first year students are: teaching in English; maximum visualization of the examples
of expected performance and the use of methodological materials with step-by-step
explanations; specialized assignments relevant for the future work of students; small
academic groups (no more than 20 students) at practical and lab classes; easy access
to course materials; wide use of tests as a continuous assessment tool; development of
new lab assignments and upgrading of the existing ones to solidify engineering
graphics knowledge; use of video courses; and individual work with students.

3. The proposed structure of the class session is the following: testing; typical
task solving demonstration; typical task solving discussion; working on special tasks;
and working on individual tasks.

4. If class sessions are well-structured, students have enough time for lab works.
They have the opportunity to watch a video if they need help in their work. In addition,
all training materials, lab videos are readily available to students.

The analysis of the positive and negative aspects of methodology was ongoing

during the entire course of study, which allowed for some necessary adjustments.



Thus, a differentiated approach to teaching is associated with the competency-based
approach to education in the context of the Bologna process. Students are interested
in studying Engineering and Computer Graphics and learning how to use graphics

editors.
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Kopnyra O. B., IIpuroposcska T. O. IIpo0sieMu BUKJIAZAHHS IH:KEHEPHOI
i KOMII’IOTePHOI rpagiky CTyAeHTAM-iHO3eMUSAM

OCHOBHUM 3aBJaHHSM BUKJIAJaHHS 1HXKEHEPHOT W KOMII IOTEpHOI rpadiku €
PO3BUTOK YMiHb 1 HaBUYOK JJI peajizaiii TeXHIYHMX 1JIed HUITXOM KPECIEeHHS U
po3yMiHHSI KOHCTpytoBaHHs. Choromni ykpaiHchki TexHiuni BH3 3ampormryroTs 110
HaBUaHHSA 3HAYHY KITBKICTh 1HO3EMHHUX CTYJCHTIB, MEPEBAXKHO 3 KpaiH A3il Ta
Adpuku. IlpoanamizoBaHo mnpoOJEeMU HABYAHHS CTYACHTIB MEPIIOTO KypCy B
yKpaiHcbkux TexHiuHuX BH3 mig uvac BuBueHHs Kkypcey ,.HapuchHa reomerpis,

IHKEHEpHa Ta KoM 'loTepHa rpadika’. 3poOJeHO OISl METOAIB 1 JUAAKTUYHUX



MIPUHIINIIB HABYaHHS I11]1 Yac BUKJIAJIaHHS TIpeAMeTa aHIIIHChKOI0 MOBOKO: HaBYaHHS
CTYJIEHTIB CaM€ aHIIIHChKOI MOBOK, MaKCHMMajlbHa Bi3yadi3alis MPUKIAJIIB
BUKOHAHHS POOIT, BHUKOPUCTAHHS METOJUYHUX MaTepiayiiB 3 TMOKPOKOBHUM
MOSICHEHHSIM, CIIClaJli30BaHl 3aBlaHHSA N0 TpadiyHuX poOIT, HAOIMKEH1 110
MaOyTHROI mpodecii, HEBENWKI TPyNH CTYACHTIB, BUIBHMHA JIOCTYN O BCIX
METOJMYHUX MaTepialiB 3 Kypcy, IIHPOKE 3aCTOCYBaHHS TECTYBaHHS 3HAHb
CTYJIEHTIB SIK IPOMDKHOTO KOHTPOJIIO, PO3pOOKa HOBHUX JaOOpaTOpPHUX POOIT 1
BJIOCKOHAJICHHS ~ TOTIEPEIHbO  PO3POOJICHHX,  BHUKOPUCTAHHS  BIJEOKYPCIB,
1HAUBITyaJIbHa po0OTa 31 CTYI€HTAMH.

Kniouogi cnosa: ctpykrypa 3aHATTS, METOAWMYHI W JHUJIAKTUYHI NPUHAOMH,

1HO3E€MHI CTYACHTH, TOKPOKOBE MOSICHEHHS.

Kopuyra E. B., IIpuroposckas T. A. IIpoOsemsbl mnpenogaBaHusi
HHKEHEPHOM M KOMIILIOTEPHOM IPapUKH HHOCTPAHHBIM CTYJACHTAM

OcHOBHas 3ajaya MPENoJaBaHUsl WHXKEHEPHOU M KOMIIBIOTEPHOM Trpauku —
pa3BUTHE YMEHUW M HABBIKOB JJIsl peaju3allid TEXHUUYECKUX HJAEH C IMOMOIIbIO
yepueHuss MW KOHcTpympoBaHus. CeromHs yKpawHCKHE TexHudeckne BY3sI
MPUTIANIAIOT K OOYYEHUI0 3HAYUTENIbHOE KOJMYECTBO WHOCTPAHHBIX CTYJEHTOB,
MPEUMYIIECTBEHHO M3 cTpaH Asuu u Adpuxu. [IpoananuzupoBanbl MPoOIEMBI
oOy4eHHS CTYJICHTOB IIEPBOIO Kypca B YKPAaWMHCKHX TEXHHYCCKHX BYy3aX IIpH
U3ydeHuu Kypca ,HauepraTenbHas TeOMETpHUs, HHXKEHEpHAs M KOMIIbIOTEpHAs
rpadguka”’. Cnenan 0030p METOJOB M JAMJAKTUYECKUX MPUHLHUIOB OOYYEHUS MpH
nmpernofaBaHUK TpeaMeTa Ha aHIJIMKUCKOM SI3bIKe: OOy4YeHHE CTYICHTOB Ha
AHTJIMACKOM S3bIKE, MAaKCHUMallbHas BU3YyallM3allis MPUMEPOB BBIMOJHEHUS PabOT,
WCIIOJIb30BaHWE  METOAMYECKHX MAaTepHalioB C  TIOMIATOBBIM  OOBSCHEHUEM,
CHeIuaIn3upoBaHHbIe 3alauyd B rpaduyeckux pabdoTax, NPUOTUKEHHBIE K
npeacTosiel mpodeccun; HEOONbIINE TPYNIILI CTYJACHTOB; CBOOOJHBIM TOCTYH KO
BCEM METOAMYECKHM MaTepuajaM Kypca;, HIMPOKOe MPUMEHEHHE TECTUPOBAHMUS

3HAHWM CTYJEHTOB B KAaueCTBE MPOMEKYTOYHOTO KOHTPOJIS; pa3pabOTKa HOBBIX



7a00paTOpHBIX PabOT M COBEPIICHCTBOBAHUE IIPEJBAPUTEIBHO pa3pabOTaHHBIX;
HCII0JIb30BaHNE BUAECO-KYpCOB; HHAUBHUyaJIbHAsA padoTa CO CTYACHTAMH.
Kniouegvie cnoea: cTpykTypa 3aHATHS, METOJAMYECKHE W JHUIAKTHYECKHE

MIPUEMBI, UTHOCTPAHHBIE CTYI€HTHI, IOIIAroBO€ OOBICHEHHE.

Kornuta O. V., Pryhorovska T. O. Teaching Engineering and Computer
Graphics to Foreign Students

Today, Ukrainian technical universities accept many foreign students, mostly
from Africa and Asia. The article is focused on the issues related to teaching
Perspective Geometry, Engineering and Computer Graphics to first-year foreign
students at Ukrainian technical universities. Insufficient entry level of knowledge in
basic subjects and the lack of basic computer skills along with the essential
differences in the methods and forms of teaching used in post-USSR schools and
universities and foreign schools and universities are among the major challenges
these universities have to address to enhance the learning experience of foreign
students.

It 1s in this context that the author of the article analyses the methods and
didactic techniques of the optimization of teaching first-year student: teaching in
English; the need for the maximum visualization of the examples of expected
performance and the use of methodological materials with step-by-step explanations;
small groups of students (no more than 20 people) at practical classes; availability of
free tutorials, books, notes, video-courses; wide use of tests as a continuous
assessment tool; design and introduction of supplementary practical exercises and
upgrading of the existing ones; development of video courses; and individual
approach to every student.

Key words: lesson structure, methods and didactic techniques, foreign students,

step-by-step explanation.
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