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OBTAINING FUNCTIONS FROM FOURIER
SERIES WITH MATLAB

UDK: 517.5:004.434MATLAB
Original Research

Aleksandra STOJANOVA, Biljana ZLATANOVSKA, Mirjana KOCALEVA, Vlado
GICEV
Faculty of computer science, “Goce Delcev” Univisrsstip, Republic of Macedonia

Paper received: 13.10.2015.; Paper acceptedd.2B15.

Abstract - Fourier series represent a very importan tool for solving problems in any field of sciencehat uses sinusoidal
signals, such as engineering, physics, applied mathatics, and chemistry. So, good understanding ofolrier series is
crucial for the process of learning the basics ofhese scientific fields. The theory of these series ¢omplicated but their
application is simple. Matlab as program package issuitable for easily plotting trigonometric seriesand the most
convenient way for understanding their characterisics. In this paper we present a program written inMatlab that plot
partial sums of three trigonometric series, as a waof finding periodic functions that series represet. We also give a
mathematical proof for obtaining one of periodic functions that corresponds with our graphical represatation.

Keywords: Fourier series, Mathlab, periodic functins

l. INTRODUCTION

Mathematics is important to the extent to whickupport and contributes to the purposes of general
education [1]. Mathematical skills are crucial forwide array of analytical, technological, scieatif
security and economic applications. Mathematicsnforthe basis of most scientific and industrial
research and development. Increasingly, many congstems and structures in the modern world can
only be understood using mathematics and mucheoflésign and control of high-technology systems
depends on mathematical inputs and outputs [2].

Mathematics is of central importance to modernetgcAll its need to be done is to understand the
logic hidden behind. Mathematical calculationsegivay to analyze results of every experiment, amd ¢
help to make precise conclusions [3].

Fourier analysis is a way of mathematics analysié has many applications in different scientific
fields like physics, engineering, microwave circaitalysis, control theory, optical measurements and
also in chemistry [4] [10].

The study of Fourier series is a branch of Fouaiealysis. Fourier series were introduced by Joseph
Fourier (1768-1830) for the purpose of solving likat equation in a metal plate. The Fourier sexigs
methods of numerically approximating it have beetiva areas of research since then [4] [5] [6].

Fourier series are used to approximate complextifumin many different parts of science and math.
They are helpful in their ability to imitate maniffdrent types of waves: x-ray, heat, light, andirsmo.
Fourier series are used in many cases to analyénserpret a function which would otherwise bechar
to decode and understand. These series has malgaéipps in electrical engineering, vibration aysis,
acoustics, optics, signal processing, image praugsguantum mechanics, and econometrics [5] [10].

In this paper we give a brief introduction to trmuFRer series as a base of different scientifildfiewe
present a way of plotting the series in Matlab Wwhoan be helpful for their better understanding and
studying. From mathematical point of view this gmmtion of trigonometric series with Matlab can be
helpful for easily obtaining functions from givernigpnometric series, which can be more difficult
problem than the reversed one i.e. obtaining Boseries from a given function.
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II.  FUNDAMENTALS OF FOURIER SERIES

In mathematics, a Fourier series decomposes amydpefunction or periodic signal into the sum of a
set of simple oscillating functions, namely sinad aosines. In other words, Fourier series cansed to
express a function in terms of the frequenciesnfbaics) it is composed of [5].

In engineering and technical sciences many prdctipablems gave periodic functions which are
usually complex. We know that the function isipéic if it is defined for each real number x, ahd

there is a positive number T, called a period of)fi.e. f(x+T) = f(x),[0x and the smallest period
T>0 named fundamental period of the function, adiogrto [6] [7].

For simplicity and easier operation by periodicdiimns, we presented them with elementary periodic
functions such as sine and cosine function who tefandamental periodn2 This presentation of
periodic functions like trigonometric series leadsFourier series. Fourier series are very impartan

practical tool because they allow the solution afimary (ODES) and partial differential equationsla
they are also more practical than developmentmétfans in Taylor (Maclaurin) series.

The particular conditions that a functib(x) must fulfill in order that it may be expandesla Fourier
series are known as the Dirichlet conditions, aamdlee summarized by the following points:
1. the function must be periodic;

2. it must be single-valued and continuous, excppssibly at a finite number of finite
discontinuities;

3. it must have only a finite number of maxima amdima within one periodic;
4. the integral over one period|df(X) | must converge.

Therefore, Fourier series of functiop= f(x) is defined as follows: Ify = f(X) is periodic and
integrable function of the interv[al n,n], could be expressed as the sum of a trigonomege&ées of
the above form

1 T
4= :[Tf (X) dx (0),
a =t ]T f (x) cosnxdx ),
ﬂ—ﬂ
b, = 1 T f (x)sinnxdx 2
n-rr

for each positive integer n.

A trigonometric series of the form

a, + Y_(a, cosnx+b, sinnx) 3)
n=1

with coefficientsz,, a,, andb, given by the integrals (0), (1) and (2) is refdrte the Fourier series of
the functionf (x) [6] [7].

That is the way for obtaining Fourier’s series frperiodic functiond (x) of period2z. The reverse
way is more complicated and that is the reasonwaysed Matlab for plotting trigonometric seriesof
terms to obtain a periodic functions they deriveahtf. For good understanding of Fourier series is
essential to know both ways.
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Ill.  GRAPHICAL REPRESENTATION OFFOURIER SERIESWITH MATLAB

We are using three partial sums as example to ¢tmwa periodic function can be obtained from
partial sum when n is big enough to recognize &tfan. To demonstrate plotting of Fourier seriethwi

1 4(cosx - 1 cosox+ L cosax - L cosax + -.)_®
3 4 9 16

Matlab we will use these three partial sums4 | . 1. 1. 1.
—(sinx+=sin2x+=sin5X+ =sin7x +........ ) b)
m 3 5 7
Zsinx—%sian+%sin3x—%sin4x+— ......... ) 6)

By their graphical presentation we will try to fiperiodic function that these series representst,Fi
we will present all three sums together in the sayraphic for different n, and then we will plot
separately in different graphs in order to obtaatear view.

For plotting all three partial sums given in (49) @nd (6) we are using this simple code written in
Matlab.

x=linspace(-pi,pi,1000);
partial_sum1=0;
partial_sum2=0;
partial_sum3=1/3*pi."2;

grid on;hold on;
axis([-pi pi -4 10])

for n=1:1:100
partial_suml=partial_suml+(4/((2*n-1)*pi))*sin((2*1)*x);
partial_sum2=partial_sum2-2/n*(-1).*n*sin(n*x); partial_sum3=partial_sum3+(4/n.A2*cos(n*x)*(-1))™n
handlel=plot(x,partial_suml,x,partial_sum2axtjal_suma3);
title([Partial Sum: n snum2str(n)])
pause
set(handlel/isible','off");

end

According to given code we first plot partial sumseriod from « to n, and terms n are from 1 to
100. We present partial sums for different ternasti®l sums for terms of 1, 2, 5, 21 and 100 avergin
Figure 1, a), b), ¢), d), e).

Partial Sum: n=1
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Parial Sum: n=2
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Figure 1. Graphical presentation of trigonometedes given in (4) (5) (6) ( (4) red, (5) blue &6y green curve) forn =1, 2, 5, 21 and 100, and
period from = to .
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From the Figure 1 is clearly seen that the largemumber of terms that are included in this seties
better the approximation to the periodic functisn i

Therefore, when n is large enough we can guespdtiedic functions that these trigonometric series
present. According to Figure 1 partial sum (4) esponds to periodic functidn(x) = x*, xO[-77, 71] ,

. . 1 xO[0, 7] .
partial sum (5) corresponds to periodic functfdix) = , and partial sum (6)
-1 xO[-m0]

corresponds to functioh(x) = x xO[-7, n7] .

The 100-term plot gives a very good approximatmmhe functions, although it appears to overshoot
the value at the discontinuity (and it also hasesaviggles in it). This overshoot is an inevitablieet at
a discontinuity, known as the Gibbs phenomenon @@hbs phenomenon can be seen in graphical
presentation of partial sums (4) and (5) for laegens (in our case, n=21 and n=100).

In order to obtain more clear view of trigonometnature of partial sums and periodic nature of
functions, we are presenting trigonometric seme&T period, or x axis are fromz2 to 2t. For this
purpose we change only a small piece from the goan above.
x=linspace(-pi,pi,1000);
axis([-pi pi -4 10])
is changed to:
x=linspace(-2*pi,2*pi,1000);
axis([-2*pi 2*pi -4 10])

Partial sums according to this change are showigimre 2.

Parial Sum: n =1

A
X
\
\
\ \
- T D A
AN ,’ ST——

S
4 4
a)n=1
Partal Sum: n=5
2 N\
/N \
/ \ / \
/ \ /
/ \ / \
\ \;
\ /
4 / A A\
/ AN / -
/ /N / /N \
\ / A
) \ \ 4// \\ \\
[z ~_ =
7 \ 7
\\/\J—\JHL/\/ vf\dA
\ / \
\/ \/
4 6 -4 2 0 2 4 6
b) n=5
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Partial Sum: n =40

c) n=40

Figure 2. Graphical presentation of the partial s@#) (5) (6) ( (4)-red, (5)-blue and (6)-greenva)rfor 1,2 and 40 terms and x-axes from t@
2.
In Figure 1 and Figure 2 all previous conditiongwoifves are deleted.

In order to obtain a precise view of partial surd &#me way of curve’s changing and at the same time

keep previous conditions of partial sum we plothea€ three partial sums in separate graphic. All
previous conditions of curve are shown in differeoior.

Following each curve represented by different catan be observed the appearance of partial
trigonometric sum for each n.

This can be done with a minor change in code byngddifferent color in each term.

colors ='rgbmy;

and instead of

pause set(handle¥jsible’,'off');,

is added:

pause set (handleTplor,colors(n));,

(;N(heirehandlelis used for plotting partial sum and is differét different trigonometric series (4), (5)
and (6) .

All first five partial sums of trigonometric serigg) (5) (6) are printed in Figure 3 a), b), c)
accordingly.

Partial Sum: n=5
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Partial Sum: n=5

7 TN . <

; VamtaN

N

o So

Partial Sum: n=5

c)
Figure 3. Graphical presentation of first 5 termtiphsum a) of (4) b) of (5) c) of (6)
red color for n=1, green for n=2, blue for n=3,lgtdor n=4, and yellow for n=5.

Figure 3 is useful in process of understandingigbhometric partial sum and Fourier series.

IV. MATHEMATICAL PROOF

Using graphical representations for the given Fueries we managed to obtain periodic functions,
but their correctness will be confirmed with matlaical proof. For (6) we are going to obtain peicod
function starting from given trigonometric series.

Partial sum (6) can be shown as:

— -1 SiNNx — n Sinnx
f(x) = ZZ (-2 1T = —22 (-2 —
=1 =1

Our aim is to show thaft(X) = X on the interva[- 71, 77] is the function that is obtained by the given
Fourier series.

According to De Moivre’s formula, formula that isyportant because it connects complex numbers
and trigonometrye™ = cosnz+isinnz and according to equation

log(L+2) = —Z% z" for zOC
n=1

we obtain:
inx

~log+e) = 3 (-1 =

™ (_qyn COSNX | <3 4yn SINNX. _
nZ:;(—l) - +nZ;( 1) Q!
= Re(-log(L+ €*)) +iIm(-log(1+€*))

We start with the Fourier series to obtain the fiomc

7
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sin nx

f(x) ——ZZ( i

sinx

2Arg(Ll+€*) = 2arctg——— =
1+ cosx

. X X . X
2Sin— CcoS— sin—
2arctg;x2 = 2arctg—§ =
2cos = cOS—
2 2

2 D]l X=X

2

Obtaining functions from series (4) and (5) is mooenplex, therefore we will use a reverse process a
a proof. We will start from periodic functions whbtained to find Fourier series they represent.

— 2 _
First example is to find the Fourier series of 1ﬂu|¢.'e|ctionf(x)_X ’XD[ 7”71 Because this
function is even function, the coefficiebll; has zero value. Thus the coefficients of the Fosgeies are

b, =0,

ao—inf(x)dxzijz d lETY— =—

2’ 2y, 3
a ——If(x)comxdx——jx cosnxdx =
0

4
= —-cosnit

n

For n=2k is obtained, =iCOSZkIT=i and for n=2k-1 is obtained

< (k) 4K?
4 4

4T zCo82Kk -Yr=-"——+.

Q-1 (2k— 1)2 5( ) (2k— 1)2

Hence the Fourier series for the functidi(ux) =x?,x0 [— 7'[,771 is
( ) T, 42( 1) cosnx
That is equivalent to partial sum (4).

-1-m7<x<0

Osx<rr

The other example is to find the Fourier seriesthaf function {l . In this

example we have to find all the coefficientség.a,and b, where n=1,2,3...

The coefficients of the Fourier series are

a, :%T f(x)dx=0,
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w 0
a, = 1 I f (X) cosnxdx = 1[ I —cosnxdx +
T T

= =

+ I cosnxdx] =0,
0

17 . 1.7
=—|f =_0]|-
b j (x)sm nxadx [j sinnxadx +

v/ -

+ j'sin nxdx] = 2 (L-cosnn).
nit

=T

For n = 2k is obtained,, = ﬁ (L—cos2km) =0.
T

4

[1-coq2k —1)7] = k-

and forn = 2k -1 is obtainedb,, , = W
-
-1-m<x<0 .

Hence the Fourier series for the funCti(f)l(lX) = is
1 O0<sx<rm

_4.&sin2n-Dx
fix)=—) ————.
(X) ﬂ; 2n-1

That is equivalent to partial sum (5).

And the last and already proven example with revgn®cess, is to find the Fourier series of the
function f(X) = X,XD[—IT,H]. Because this function is odd function, the zewefficients in this case
are:a, = 0anda, = 0,[In. We only need to find &, coefficient

n

1 . 17
b =< [f dx=1 dx =
;-[.[ (x)sinnxdx ﬂfxsmnx X

n
- -

2
=——coanrr
7

For n =2k is obtainedb,, = _(2_2k) cos2krr = _2_2k

and forn = 2k -1 is obtainedb,, , = ‘(Zk—z_l)COE{ZK _1)”: (2k—2—1) :

Hence the Fourier series for the funCti(ﬁl(IX) = X,XD[— 1T, 77] is

£(x) = 22 (-1 S":]”X .

This partial sum is equivalent to partial sum (6).
These three proves confirms graphically obtainedtions.

V. CONCLUSION

Fourier series are infinite series that reprepemntodic functions in terms of cosines and sines.

Because these series can be used in solving diffpreblem in many scientific fields, very importas
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process of their understanding. We gave a briebaiction to Fourier series and tried to facilitdteir
understanding with graphical presentation usingldbatAlso, with these graphical representations we
tried to facilitate the way of obtaining periodignctions knowing the Fourier series. This procassg
only mathematical equations can be complex andcdiff to accomplish, especially to students.
Therefore, we tried to easier this process by abtgifunctions using Matlab and plotting partiah®su
From graphical representation of trigonometric efive noticed that with the large number of terms
included in this series, approximation to the pdicdunction can be very close.

We also gave and mathematical proof that obtainedtions from our graphical representation of
Fourier series are correct periodic functions.

By using Matlab, students’ process of learning amdlerstanding Fourier series is significantly
improved. Also this kind of presenting Fourier esris more interesting, easy to use and learn and
therefore is easy acceptable by students.

Matlab can be used as tool for different more esleomplex mathematical computations with little
effort, but in this paper we focused only on ohtagnperiodic functions knowing the Fourier seriBg.
using Matlab students can benefit in more subjects.
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Abstract - The Database Systems course was one betkey subjects of the Applied Informatics study pogram at our

Faculty. By the termination of this specialization we present our concluding remarks on this teachmnsubject in the form
of presenting the lessons we learned during the difime of the study programme. The main point of vie for the

evaluation presented in this paper is the evolutiomf the syllabus. We point out the changes in theaching methods
applied and teaching material used, and we expreskeir impact on the subject schedule and studentsesults as well as
the impact of the students and their involvement ito the process of syllabi improvement. As conclusip we generalize
our statements to build a set of recommendations able for future improvements on different software engineering
subjects.

Keywords: database, systems, curricula, lecture

l. INTRODUCTION

Teaching Information Technology subjects meansessdiacing of problems with integration of new
approaches and research results into the subgetisulum [2]. Usually, but not always, one cak g
students about their suggestions where and hovwhange the curriculum, e.g. selecting some topics
already co-covered by another subjects etc.

In the past eight years, we were members of thdl sfraup of teachers responsible for teaching
different subjects for students of the Applied mmfiatics study program. This study program is ontliteg
in several properties compared to the other subjettthe Faculty of Electrical Engineering and
Informatics at the Technical University of KoSiGdJKE). It is different in the language used — Eglglis
preferred against Slovak. It is different by subjselection — subjects are not taught by members of
single department but the subjects cover threesaseaformation technology represented by three co
departments of the Faculty.

The Database Systems subject was situated inulg ptogram schedule in the summer term of the
second year. For those students who did not pasexidims in the regular year, the subject is opehen
last (shortened) semester. The subject is popwbtween the ERASMUS+ exchange students as the
lectures cover different areas of database desigrnleeory and are organized by topics. Taking aesudf
them only is suitable for short-term visits suchvas the CEEPUS program too, because the relations
between the topics are low, and the missing knayddd there is any) can be obtained by short readi

This paper is devoted to the findings achievedrduthe past years with the students of Database
Systems subject within the Applied Informatics stpdogram. The number of the students was quite low
— only a small group every year, but their contiitruto the evolution of the study material andricuta
is significant.

The structure of our paper includes Sec. Il oniecremental curriculum life cycle, which is a dédi
description of issues and stakeholders, and a @siod (in Sec. Ill), which points out the benefite
received from our students and could use to improaénly our strategy in building curricula for othe
subjects.
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[I.  OURINCREMENTAL CURRICULUM LIFE-CYCLE

A. Teachers

Teachers of the Database systems subjects areittihersaof present article. The teaching experience
was built on teaching courses on different typeslathbase management systems such as Informix and
Oracle [9] for different organizations — Technithliversity of KoSice, T-Systems Company, University
of Ss. Cyril and Methodius in Trnava, and our l@agrexperience from different courses was usetim t
process also.

Visiting professors usually teach one week — ifythboose this subject, it means a new lecture topic
As Database Systems is a general subject, duriagyelars several visiting professors presented their
lectures on selected topics in databases.

B. Students

There were four categories of students at the syhjdere these categories are defined by the hay t
students came to the subject:

* Regular students. These students enrolled regudriie subject as they had it chosen from the
study program’s list of facultative subjects. Thegegory is typical, only a subset of the students
really uses the achieved knowledge in further stdr future life.

» Students with individual study plan. These studemés usually foreign students who can decide
about the content of their study plan during a fiagon period. Regular students can also apply
for individual study plan in the case of seriouas@ns such as family or health condition. After
finishing the subject, these students usually apipdy achieved knowledge in further studies, in
their diploma theses.

« ERASMUS exchange students. These students selkctegotiate their study plan one semester in
advance, but there do not apply the requirements feerequisites) for regular students to them.
These students present their motivation for seigdie subject variously — they usually need to
refine their knowledge in this specific field oetle is a similar subject at their home university.

* CEEPUS exchange students. This category of studasits our Department for a short term (e.g.
one month). These students join the group of athadents for four weeks, they benefit from the
teaching material if they need to prepare somettiing specific subject at their home university.

C. Lectures

We follow the logic that a lecture should be alwdfore the lab, but it already happened to our
subject that the generated schedule did not meetctherion perfectly. In past years, lectures éaius
even were scheduled for two different days, butesithe last year, the schedule got fixed for Thaysd
Fig. 1 presents the schedule for the current year.

The contents of the lectures developed during dasy The most important change to introduce was
the one dealing with the variety of the studentsiwledge — to provide a material useful to allefrh and
to allow attendance at selected topics only. Theams that we had to prepare as complex lectures as
possible, which we hope we did. Unfortunately, ¢hare topics that require knowledge of anothercgpi
and topics that we had to split across two lect(ttesse are larger than to be presented in 90 gghuthe

Stvrtal Databazové systémy Databazové systémy
DBS DBS
L3-8 510 LSB 515
Ing. Csaba Szabo, PhD Ing Csaha Szabo, PhD
P i

Al

Figure 1. Database Systems schedule for ST 2014/2015 (Rurde€L — lab)

next problem we had to face was the level of stigleskills. We solved this problem by decreasing th

12



A JOURNAL FOR INFORMATION TECHNOLOGY,
EDUCATION DEVELOPMENT AND TEACHING METHODS OF TECHNICAL AND NAT URAL SCIENCES

requirements on programming skills and by increqagire requirements on database design skills. (The

same we applied in the case of the labs and exams.)
The topic-based structure of our curricula is disvs:

Basic concepts

Data modeling

Relational data model

Relational algebra

Normalization

SQL

File organization

Indexes

. Transactions

10. Concurrency

11. Security

12. Distributed database systems

© 0o NGk~ wWwNPRE

All these topics undergo a reviewing and correcphgse every year to ensure the best acceptance by
the students.
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L1: Basic concep

L2: Data modelin %
L3: Rel. data mod %”M

Move 2 slides

L4: Re. alaebr:
Add an
L5: Normalizatiot : example
L6: SOL
L7: Files .
Drop slides
L8: Indexe: f

L9: Trarsaction:

L10: Concurrenc

L11: Securit

L12: DDBMS

~ Evolution-one sit;/ﬂ.»

Figure 2. Database Systems lecture evolution

Fig. 2 shows the details. The content of this gdenotes one increment of our curricula with the
changes provided based on the above-mentionedwst&blicequirements.

D. Labs

To maintain diversity, we decided to minimize thé&rconnection between the material taught at the
lectures and the practical examples presentedraaigzad at the labs.

Initially, we focused on various aspects of SQLngsihe dialect implemented in Oracle 11g, even
selected parts of PL/SQL were practiced. Laterde@ded to remove topics related to triggers aockdt
procedures from the labs’ material. Our decisios based on the experience that this is a kindffafrdint
and more advanced topic than we could expect frambgect dealing with database systems’ basics. The
actual content of the lab material focuses purelySQL and closely related topics, such as DDL (data
definition language), DML (data manipulation langep DCL (data access control language), TCL
(transaction control language) and RA (relatiohgélra [8,11]). RA is closely related to the leewifrom
the above list only. This change also influencegtéisks for the students.
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The basic idea of the database systems task velesign a database schema for a specific purpose and
to also develop a CRUD application (client-serveshiecture). This pattern for the tasks was medifi
during the past years to gain its actual form:

The students have to design a database schemastnaich — they begin with a set of data. This
schema has to be transformed into (at least) 3KF@@mal form) [3], and then filled with the origina
data. It is required to hand in the database scimgtuding all DDL, DML, DCL and TCL statementseds
by the student. This step could be implemented diffarent way too, but there was no student apglyi
database refactoring [4] until now. The schema thakilfill additional requirement such as extended
integrity criteria or usage of sequences. The sqmart of the task is to write equations of reladio
algebra for specific purposes defined in the boldthe task definition, which RA equations have ® b
then transformed into SQL SELECT statement and dechps VIEWS into the database.

In addition to the above-described task, the stisdesive to write an essay on selected topic obdata
systems such as Armstrong’'s axioms, different daddels or federated databases. The purpose of these
essays is to teach students additional detailetmtted topics that are not covered by the lectures
section also opens the horizon for actualizatiospecific fields — involving students into the dieyenent
of the lectures and other course material.

At labs, we also evaluate student activity. Thectusion of lab activity evaluation is shown in F&yof
our electronic supporting system. The limits focsess at the labs are 16 points at minimum ancBisp
at maximum.

E. Exams

Since we have developed a very nice electroniesy$§t] that supports our activities, we rely oal#o
in the case of the exams. Partially. The reasdmaisduring the past years of using electronicesystfor
examination we found out that the students forgdfspeak”. Our experience shows that the majority o
the students are unable to talk continuously abhaglected topic — even a sequence of five sergénee
problem sometimes. We decided to change this dstivetefore we returned to the system of exam® fro
the times before the electronic supporting systeam! we combined these two approaches as follows:

* The electronic system is used for the electrorgt[tg, which is the first part of the exam. It i
is 50 of 70, i.e. the students can achieve at rB@xpoints from the electronic test, while the
maximum points for the exam is 70 in total.

* The second part of the exam is verbal, where tdest has to answer two questions. This part is
mandatory; the student cannot say she/he is satisfith the score from the test alone — not
attending the second part implies failing the ex@he main topic area of the question is selected
randomly, the discussion then covers a specifit gfathe topic area. Weight of the verbal part of
the exam is 20 of 70.

We started with optional verbal part of the examt, dur students did not attend it, which was then
reflected in the average results. This is not algiategy at all, because sometimes the verbaispaiore
successful.

F. Electronic supporting systems

The roots of our electronic supporting systemstiaeemodular academic information system used at
TUKE and LMS Moodle at our department. As we needdmmunicate with the students, we also use

Al - lessons [ba sihmné zuamky
Zadaiie {2.2) Essay upload Triedit’ zostupne  Zadanie {2.2) Project upload Triedit’ zostupne  Manualna polozka Activity Triedit’ zostupse  Test Test Al Triedit zostupne ~ Submind znamka Kategdria spolu Triedit’ zos

1200 Grace aralysis 7,00 Gracte analysis 200 - Girace analysiz
12,00 Grade analysis 7,00 Grace anialysis 200 - [iracte analvsis
12,00 Grae aralysis 11,00 Grace atalysis 400 - Dirace analysis

12,00 Gratie arialysis 7,00 Gracle analysis 1,00 - Grade aralysis
12,00 5,00 2,25

Figure 3. Database Systems labs grading detail
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1405201512:00  L9-B_510  Databdzové systémy Exam 6718 /

210520150800 L3-B_S10  Databizové systémy Exam 0i1s 4

LT

28.05.201508:00 L9-B_510  Databizové systémy Exam aia ’

il

Figure 4. Database Systems exams’ list detail
university e-mails (students have to use the asdigmilbox).
The incremental property of the evolution is redate improvements in the question base [12] in LMS
Moodle in three different aspects:
» Updating the question content [5]
* Adding new question types [6, 10]
e Updating previously added question types
All above-mentioned actions are performed even idiately based on the situation.

Using the university information system, we get tis¢ of students registered for the subject, for
schedule, and for the exams; we can also maker@mgaden attendance at lectures, labs and examseand w
can use this system for grading of lab activity ardm results (a small example is shown in Fig.4).

G. Evaluation criteria for starting a new iteration tfe incremental life-cycle

This subsection presents the most important patieofirticle, the criteria used to start a newatten
of the curricula and teaching material developméfe.had several of them as listed below:

1. Which were the easiest lecture topics?

Which ware the hardest lecture topics?

Which essay topic is suitable to be included whih lectures?
Which were the most problematic labs?

Which were the easiest labs?

6. Are there errors or ambiguities in the questions?

aprwbd

The evaluation of the above criteria was alway$opered in relation to the count and results of the
students, e.g. if a single student claims a probidtim a specific topic only, then this is not alrs@mulus
for an iteration. Data collection was always readiimmediately the student finished the first eXaxam
results were not taken into consideration).

For Item 1 and 2, we asked each student to sefectlg 3 topics of a kind. The student also had to
define his own order of his selection. If there veasnatch on topics in between at least 20% of the
students, we analyzed and refined the contentatf ctures.

With Item 3, we asked the students at the labsy @mhatch above 50% was considered as worthy for
further processing. Mostly adding several new slitie existing lectures — not by replacing any @ th
original slides, made improvements.

Answers related to Items 4 and 5 were handled ailyils those for Items 1 and 2. Changing the labs
was implemented by adding, removing or changingnptes and tasks; or by changing an example to a
task or vice versa.

Item 6 was more specific, because these kindsrofsewere detected during using the system — some
of them were reported at exams or in-semester-tespgovements in specific questions could be ugual
implemented in the moment of the identificationtbé source of the problem; others started a real
development cycle such as in the case of execfailmes of new question types.

The most important outcomes of involving the stuslemere that they also suggested the way of
improvement and (in several cases) the studentsstiiges wanted to implement these improvements in
the form of Bachelors’ theses.
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[ll.  CONLUSION

The Applied Informatics study program at the Facol Electrical Engineering and Informatics at the
Technical University of Kosice can be evaluatedhasiccessful study program. The Informatics related
subjects do not build a complete unit at all, bet Database systems subject acts in a sovereign way

The past years of curricula development, of endiesgrovement of the question banks and
development of supporting tools led to somethingcau@ be proud of. Unfortunately, the new accreditat
does not include this subject as there was theiégjmformatics program removed from the accreiditat

The English version of the lectures, labs, taskestion bank and other course material will be now
less developed — mainly only based on the requinésva the several CEEPUS and ERASMUS+ students
who enroll this subject in the future.

We would recommend involving students into the tment of the new learning material as the
students know the best how they would like to leamd, how they might be able to gain the maximum
from the study material. It does not mean that h@ukl completely rely on the students’ results sagh
essays, but these could be used to evaluate s@amsible directions in curriculum development. iAgk
the students using an anonymous guestionnaire df@asiest and hardest topics presented sertles wi
the most objective answers to the question “iadugh, or is it too much?”
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Summary — By introducing the information technologes in the teaching process, there has been a charngdraditional

teaching. The use of information technology in theetaching process encourages the improvement of thauality of
teaching. The application of information technologyat higher education institutions in Republic of Srgka has great
significance and important educational effects foboth teachers and students.
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l. INTRODUCTION

Information technology (IT) is a technology thatesiscomputers for data collection, processing,
storage, protection and transmission of informatiime term information technology is associatedhwit
communication technology as today it is impossibleperate with the computer if it is not connedied
a network, and so the term information and comnatito technologies (Eng. Information and
Communications Technology - ICT) is introduced.

Higher education is neither technical nor econorssue, but above all, a matter of survival, the
guestion of development opportunities and prospéotsfreedom and happiness — of individual,
communities and nations. [10] The reform of thehkigeducation should be a development imperative.
For this reason, the aim is to change the contér@dacation in general, and particularly in higher
education. The main task of higher education isybang people are professionally trained for wibrt
they will encounter later. It should never neglihet shaping of the young man as a person, as wéika
ability in the future to constantly build its socgand professional knowledge.

The problem of the entire educational system is dliar time the volume of material that the studen
must adopt has increased and a way of teachingdtashanged for centuries (changes have happened,
but in the essence the principle is still the same)

The traditional teaching is the most common frofam of work with a strong function of teachers
lecturing and it leaves no space for interactiotwben students or leaves time for independentitetv
of students in the function of better realizatidnt@aching contents. Teaching is usually formaljzed
verbalized and for pupils hard to understand, wiéttuces the durability of knowledge and abilityuse
theories in real life.

However, in the last ten years, massive use of atenp in schools created conditions for better
educational technology innovations. Multimedia pevgs designed for personal computers offer us a
variety of options for electronic books with texhages, animations, sound and movies, so that stside
can progress independently in mastering the sydlathey can return the content that they are resrcl
enough to receive feedback and additional inforomaith accordance with their capabilities and irgese
Interactivity and quality of the presented matelialusing multimedia and hypertext provides muchiemo
extensive facilities in comparison to teaching thies place in traditional classrooms.
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.  THE DEVELOPMENTCONCEPT OHNFORMATION TECHNOLOGY

By using the information technology, the main dittaconcept gets extensive form in which the
reversible routes, apart from students, profesandsteaching content equally participate in infarora
technology methods, forms and principles that chahg educational paradigm. Fig.2.

The new educational paradigm is oriented towardssthdents, which is located in the center, while i
surrounded with learning resources both in ternmé and place and ways of learning.

Digitalization of existing scripts or textbook serds come easily to the learning materials. The
possibility of faster searching throughout the bexik increases the importance in exploiting thehew
material. Materials in electronic form ease stugéhe process of facilitates routine operationsyicmp
and formatting, because for these purposes thegafseare tools.

[ Student ]

!

Informacione
tehnologije
o

Figure 1: Pedagogical paradigm of teaching

Ill.  THE APPLICATION OFMODERNTECHNOLOGIES INTEACHING PROCESS

The more powerful, more minimized, simpler to managd cheaper information technology brings
great changes in education.

The teaching process at higher education is in dmtwof constant organizational changes and
changing technologies of educational work. Innaratin teaching is a novelty introduced into the
educational reality.

In the educational process, information and comupatitin technologies represent a very important
part. Information technologies go through all aredschool work and activities, both in the fielfl o
administrative work, communication, archiving datalectronic form, to the application of infornati
technology in the teaching processin the educdtigracess, information and communication
technologies represent a very important part. médion technologies go through all areas of school
work and activities, both in the field of adminative work, communication, archiving data in eleatc
form, to the application of information technolagythe teaching process.

Information technology represents the "study, desdgvelopment, implementation and support or
management of computer information systems, soéwaaplications and hardware." [6]

Under the information technologies in educatiore 8tudy of characteristics and possibilities of
electronic information resources and adequate im@htation of modern didactic media in the function
of innovating technology teaching and learningsaasidered.

The educational process, which is carried out wifitt help of information and communication
technologies in practice, can be found under tha &learning. E-learning can be characterizedwsaya
of learning using information technology, as thef@enance of educational process with the help of
information technology or as ELECTRONICAL aidedrlgag.
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e-learning

I igenie na dainu

Figure 2: E-learning

The installation of application programs, netwodkiend engineering computer hardware, designing
software and databases, as well as designing carophaputer networks and information systems belong
to the domain of information technology. The apgiicn of information technology in education is
crucial, because proper acceptance and understpoflihe concept of information and communication
technologies, and the creation and implementatfgradial segments, represents one of the impestiv
of modern society ready to respond to the demahtiseamodern age. Results of previous studies show
clear benefits of ICT in the teaching process caegbdo traditional teaching, both in terms of gutsint
and in terms of the quality of the acquired knowkedits durability and applicability, and greater
engagement in the learning process, the developaiatistract thinking, the ability to process léagn
the ability to grasp, solving the problems and tvegpotential, which effectively puts knowledgetbé
development of human capabilities. [7]

More frequent application of digital technologypéigation software, as well as greater represeaniati
of multimedia classrooms at universities in the tdie of Srpska, testifies on more and more impdove
and modern teaching process.

Based on its implementation, information technoldgythe teaching process, ensures time and
relevant information provided by monitoring implemt&tion of the education process, and making time
significant decisions, as well as the high standdirgaching staff and students during their edanan
part of creating, storing and sharing informationd &nowledge.

The use of information technology in higher edwrais aimed to modernize the existing technology,
monitor new processes, and young professionalshwaiie educated in accordance with the needs of
society and the economy.

The current trends in the introduction of informoatitechnology show that their use has been to
maintain a higher concentration of students conmpéoehe traditional way of teaching. The tradibn
form of teaching, where the lecture is the cenpadt of the teaching process, is undergoing through
changes by introducing information technology iacteng.

Computer devices enable a completely different mimgdion of teaching and educational work,
appropriate abilities and interests of each stydd#m@n provide better and more efficient, emission,
transmission and absorption of knowledge. Experisdnave also shown that in terms of quality and
guantity of acquired knowledge, the durability lo&t knowledge, teaching and learning with computers
more effective than traditional teaching.

Computer teaching and learning is suitable to #aneebpment of abstract thinking, enabling planning
direction and individual progress in acquiring kiesge.

IV. THEIMPROVEMENT OF THEEDUCATION PROCESS BYAPPLICATION OFINFORMATION
TECHNOLOGY ONORGANIZATIONAL UNITS OF THEUNIVERSITY OF EAST SARAJEVO

The application of information technologies in argational units of the University of East Sarajevo
can be seen in all segments of the organizatiatiredrom the management till teaching process.

The Bologna process, which for many years appbdtié University of East Sarajevo puts students in
the focus of education strategies with an emphasigarning outcomes. Practically, it represerds the
attention shifted from the center of gravity: whiatormation content is given to students during the
educational program, focus on what knowledge, ctéemme and skills of the student have after after
graduation.

The rapid and dynamic development of informatiod aommunication sector imposes the need for
consolidating the efforts of higher education ingtons and information company in order to improive
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knowledge and competence of students of trafficresgging, in order to be ready for inclusion in t&d
labor market.

The need for the use of information technology amiaus faculties are reflected in the possibility o
covering all information flows in the managing beteducation system, in accordance with the tdmks t
are performed in the system.

Since information systems are expected to provdebiasis for the execution of various tasks and
requirements that participants set to the systehusTthere is a need for complex and efficient
information technologies required to design, cartdton and operation of information systems. [5]

Information technologies have become an indispdaselement in the development of society, and
therefore recognize the need to apply in the mameageof higher education institutions is one of keg
factors for its further development and inclusiorthe modern trends of modern society. Managentent o
information technology has become part of the golmd management at the highest level of the
University. It follows that the very success of thaiversity depends on the quality of organized and
designed information system. Well-organized andk laun information system makes it easier to manage
and is suitable for employees of the University amidrgely the same for students.

Information technologies have become an importd@ment in the development of society, and
therefore the recognition of the need to apphhmmanagement of higher education institutionses af
the key factors in the further development andusicin in the modern trends of modern society.

Strengthening of information structures in the Hycaf Transportation in Doboj contributed to the
purchase of new computers for computer rooms, rdasss, laboratories, a library, and fixed projector,
projection screen, personnel and group printerd #w@able easier teaching at this University
organizational unit. Well educated traffic engineers in information teclogy are very much needed
personnel in all business segments, in order t@ lgsee with the rapid technological changes and
provide benifitet in business.

Digital and media competence, the development atatibonal portals, establishing online services,
development of platforms and educational materielated to the curriculum, determining the virtual
learning context, the possibility of electronic exapplication and application of electronic student
identification cards represent different aspectsthe integration of information and communication
technologies in the organization of instructiorhigher education institutions, making it more eéfit,
better quality, most innovative and globally relevaThe gradualness and continuity in education
management of higher education institutions for timplementation of software solutions in the
management of universities, as well as Monitoring &valuation of ICT strategy project at the leokl
the education system are based on the implememtatitCT and new pedagogical paradigms in higher
education.

In the field of information technology in educatjas currently the most important application of
computer software. Under the concept of educatisofiivare means the finished computer program that
can be used in teaching and learning based on dogipedagogy.

Software for interactive learning allows students follow the lectures, ask questions, answer
questions and communicate with each other. The@s@kows an active participant of the conferenck an
the cameras can be posted to all classrooms sodhahunication can be performed in real time. Use o
this software is especially acceptable to relatemiifies where students can exchange informatioh an
teachers to gauge the content and team work gpldhaing and implementation of teaching.

The Above conducted research studies show thahitepthe use of information technology is more
efficient than traditional lecturing by up to 30rpent, as it keeps a high level of concentration of
students.

The use of information technology in education @& transient and represents much more than
combining these technologies with traditional nasta.Primjena computer in modern teaching becomes
the norm, and the most prominent place is givehéapplication of educational software.

First of all, in order to successfully prepare sttd for their careers in a dynamic and very demngnd
field of ICT, it is essential to continuously inthace certain innovations in content items that jglev
technical knowledge. Students are expected andiawaiali competencies and skills to enable faster and
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easier inclusion in a real business environmentdamwork and the like. In realization of theselgoa
close and continuous cooperation between the IC€ibsand the academic community is inevitable and
essential.

V. CONCLUSION

The teaching system will inevitably have to be addpto the changes in education which have
emerged from the influence of information techngloghe main objective of introducing information
and communication technology in the educationalc@se is fast, accurate and reliable knowledge
acquisition.

Equipping classrooms with computer equipment angirig them into "digital classroom”, as well as
ongoing training and development of teachers tosusé classrooms create the necessary preconditions
for massive use of information communication tedbgy in the teaching process. Application of
informational and communication technologies has flace in the modern classroom. Today's
generations of students are computer competencénaral shown great interest in the use of modern
technology.

REFERENCES

[1] P. E. Jaroslav: ,Projektovanje informacionih sist#&én2007.god

[2] K. R. Rajner, E. Turban, ,Uvod u informacione sis&, 2009.god

[3] http://www.znanje.org/knjige

[4] http://www.lanaco.com/index.php/st/it-riesenja/seftrjesenja/obrazovanje/eduis

[5] bali¢, N, ,Uticaj informacionih sistema na kvalitet nes¢ u srednjoSkolskom obrazovanju na teritorgipBblike Srpske“, ITRO
CONFERENCE 2.0 Information technology and educatievelopment, Zrenjanin 2012,god. , str. 54BN 978-86-7672-167-2

[6] Longley, D, Shain, M, Dictionary of Information drnology (2 ed.), Macmillan Press, p. 164. ISBN833-37260-3,2012.

[7] Vilotijevi¢, M., Od tradicionalne ka informatkioj didaktici, Obrazovna tehnologija, 1-2, str. 1%-Beograd, 2003

[8] Vilotijevié, M., Osnove didaktike, Skolska knjiga, str. 173+1Beograd,2006

[9] www.wikipedija.org

[10] Miladinovi¢, S. (2011), “Reforma i otpori:visoko obrazovangmgiu partikularnih interesa i druStvenih potreba“. U: Matejic,
ur.Tehnologija, kultura i razvabornik radova sa XIV nanog skupa m&unarodnog znéaja“Tehnologija,kultura i razvoj“, 01

03/09/2010, Tivat, Beograd, Udruzenje “TehnologijeuStvo* & Institut Mihajlo Pupin“ Centar za isttevanje nauke i tehnologije, str.7-
16.

22



A JOURNAL FOR INFORMATION TECHNOLOGY,
EDUCATION DEVELOPMENT AND TEACHING METHODS OF TECHNICAL AND NATU RAL SCIENCES

DEVELOPMENT AND EVALUATION OF
VIRTUAL LABORATORY FOR
ENGINEERING EDUCATION

UDK: 371.3:53]:004.738.5
Original Research

Kristina BOGATINOVA, Saso KOCESKI and NataSa KOCESKA
Goce Delchev University, Stip, Republic of Macedoni
kristina.bogatinova@ugd.edu.mk, saso.koceski@ugdmd natasa.koceska@ugd.edu.mk

Paper received: 22.10.2015.; Paper accepted: .2901%.

Abstract — Practical component is often considereds one of the most important characteristics of theengineering
education. In this context engineering education lzoratories play very important role, by helping the students to test
theoretically acquired knowledge, enabling them ctdborative environment, trial and error learning approach and offline
analysis of the experimental results. However, peranent availability of the laboratory and the equipnent is one of the
main problems in the process of learning. Sometimethey are even completely missing.

The rapid development of information and communicatbn technologies in the last decades has made a hugpact on
the education system with a special emphasis on tlemgineering subjects. The advances of web technoileg on the
other hand have also significantly improved onlineand collaborative learning, and students’ learningexperience in
general.

This paper presents a developed virtual online lab@tory that aims at helping high school students itearning physics.
It consists of several virtual benches developed asparate fully interactive web modules. The benckeware developed
to follow the high school curricula of the physiczourses in Macedonia. The design and developmentteologies and
system architecture are also presented. The laboratp has been evaluated from both students and teactee The
results of the evaluation are also presented in thgaper and conclusions are drawn.

Keywords: engineering education, knowledge, VirtualLaboratory, education

l. INTRODUCTION

The project described in this paper explores howréate a virtual lab environment that would be
interesting, interactive, easy to understand acdssible to students and teachers in order tdtédeithe
study of physical phenomena in certain areas.

Macedonian education reforms were applied on skwm@asions, but the conventional teaching,
books, blackboards and notebooks generally retaiagdace at most classes. In addition, thereverg
small proportion of schools with modern and hightyuipped laboratories; at most schools the labgrato
equipment is outdated, and at some there are saladll. To enable a modern laboratory, a largigbu
for the schools is needed. In R. Macedonia a vewlisportion of schools operate this budget and¢ho
are mostly private schools, whereas the majoritthefeducation is provided by public schools wighy
small budget. To solve these problems, an altermatnd better approach is taken, that is design and
implementation of virtual laboratories.

Also in the framework of this project, the studeats provided with self-evaluation questionnaird an
exercises.

Assistance for the laboratory is provided in textriat as well as a theoretical support for thectopi
that the laboratory exercise presents.
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. MAIN OBJECTIVE AND THEORETICAL BACKGROUND

A. Discovery learning and Constructivism

Discovery learning is a very common way of learnmgw things. By means of learning through
research, people acquire knowledge without beingravef it. It is an inquiry-based, constructivist
learning theory that takes place in problem sohditgations where the learner draws on his or her o
past experience and existing knowledge to discta@s and relationships and new truths to be learne
Learning through research and discovery is almdbiowt any effort for the student.

Discovery learning takes place in a problem sohsitgations where students interact with the world
by exploring and manipulating objects, asking goest or performing experiments. As a result, stisle
are more likely to remember concepts and knowletigeovered on their own. The models that are based
upon discovery learning model include: guided digcy, problem-based learning, simulation-based
learning, case-based learning, and incidental ilegrammong others.

In our case, emphasis is placed on simulationbleseding.

The development philosophy of learning argues that most important role of the teacher is to
provide students an environment in which they aagage in spontaneous exploration and exploitation.
This environment should provide opportunities thdt motivate and activate the students. All stuiden
have different development processes and should gaderstanding and knowledge through their own
experiences.

The act of learning is an active process in whiglore and problems emerge which needs to be
resolved. Both students and adults are involvezbimething called constructivist learning methodhé
originality of what they are learning is close egbuo their real world experience.

Constructivism includes active participation andolvement of students in the practical experierfce o
activities at some stage in order to make the legrexperience more real. Constructivism shouldided
in the design of simulations for learning. For mations in simulations it should:

* help students to understand the relationship betweeobjects, issues, causes and effects.

* make and keep students engaged and motivated.
* improve students understanding of what is simulftgd

B. Observations and theoretical approach

Conducted observations have shown that simulatimars be very interesting educational tools.
However this requires the interaction of students the simulation to be directed and governedhsy t
interests and questions of the students. The siiontacan be effective for teaching all ages otistis
from primary and secondary school, to universitdsnts [2].

Also it is found that the simulations help studeot®rcome cognitive limitations that come from
personal, often erroneous, systems of belief tarabphenomena derived from their own life expesen

[3].

Simulations reduce the cognitive load on student$ makes learning more efficient by allowing
students to avoid the language barrier of highrteldgical terminology that is common in the classno

Students feel more comfortable and more accuratenwdescribing the physics with the help of
simulations, instead of using the terminology @& textbook [4].

This means that the design and implementation ratilgitions should be taken to ensure that the
student fully understands the simulation, the stugdould not get the wrong impression or be misled
when simulation is finished [5].

In general, students who have highly developedrattsteasoning benefit more from learning based
on simulations. But also necessary steps shoulthhken to enable students who have less developed
abstract reasoning to handle and understand thraakatons [6].
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1. DESIGN OFVIRTUAL LABORATORY

In the design of the simulation two specific thingse considered: Coherence Principle and
Consistency. Coherent principle argues that sinarat may not contain unnecessary material that
distract the student thus disrupts the learningcess. Consistency between simulations is also very
important. Users who have more experience with kitimns will learn to use simulations faster if yhe
have a consistent design [1].

With the simulations, students are provided withreted visual model for easier understanding of the
physical phenomenon. By doing interaction with sivaulation, the student can participate in changing
the parameters and analysis of results. Therefore,necessary to take into account the desigthef
simulations, because students give equal importanttes overall visual design [7].

Simulations are not supposed to reflect the realityetails, but to maintain the concept of the gt
area that they simulate. For simulation to be sigffitly realistic it is necessary to:
« implement connections and principles of the systdnich simulates;

e contain components with enough detail for the teaonnect to the same components from the
real world;

» allow the user to change parameters like in thiessestem;

e give the user the feeling that he or she direatiytiols the components of the simulation without
any intermediate steps.

In short, the simulation should function as thaiaksystem. Moreover, it should offer:

* asingle and clear goal for the user;

» objects that can be interacted to successfully tetaphe simulation;

* environment that provide an appropriate context@simulation;

* interactions, reactions, challenges, situations effects that are equivalent to those of the real
experiment;

» afeedback after the simulation or the task is deted successfully;

» opportunities for returning simulation in initiglase or to a previous state, such as back button or
restart;
« allow users to have a sense that they controlgpbcation.
The interface should be as consistent as posdibtesome simulations may require variations. The
basic structure is a large working area and a cbpainel. Working area contains animations andatbje
that can be manipulated directly, while the conpahel contains other control devices such asrslide

radio buttons, text fields and so on. The diffeeebetween the working area and control panel i&rlgle
visible, with a different background color and lkensi[6].

In the design of the control panel, attention hesnbdevoted to the limited amount of tools andrthei
schedule.

Text is avoided in the work area or it is reducely in short label.

The background of the simulation is usually in @mewo colors not to cause too revocation of the
student's.

Keys for controlling the simulation - start, paus®p or resume are simple animated and large énoug
for easy navigation [6].

Students should not have to think much about hous&the simulation. To make it easy to understand
the developer should provide the following:

«  Useful feedback in response to user input.

* Understandable and intuitive ways to interact whih environment.

* Clear and easily understood instructions.

*  Appropriate and sufficient help
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Controls in the simulation should be intuitive agaby to use; otherwise the students can be directed
and focused on understanding the controls and bawotk with them, rather than on how to deal with t
concept presented by the simulation.

The most natural way for students when working witbuse is by clicking and dragging. This means
that the student will first try to click or grab abject in the simulation. [6]

Using the point-and-click interaction, proved to imeich more effective, especially in applications
where such interactions are many.

Generally grabble objects, sliders associated mitimerical values and radio buttons for switching on
and off are functionalities that are understandédistudents.

Sliders should be used in conjunction with a nuca¢rvalue that students can change directly using
keyboard input, as using the slider. Usually sttsl@rould start working with slider to see what effi
has on simulation. But later, when, for examplefqrer lab assignments, students sometimes prefer to
enter specific numerical values through a digalit.

Students also immediately understand the use @ fadtons, but check boxes can sometimes cause
confusion. [6]

It is important toolbar interface to be more cotesis as possible for different simulations, otheewi
experienced students may become confused if the gamup of tools in two different simulations da no
look alike [6].

The help should also be as short and concise aibfmsSome researchers found that help provided in
several steps is ineffective, therefore help fer liboratory needs to be clear and concise bstatso
important not to make it too prominent which magdeto users not exploring the environment by
themselves. It is also required to remain on scwhite the student continues to interact with the
simulation but must not interfere with the interactin any way.

In the simulations, "help for the simulation" isopided for the use of simulation. The "read more"
provides assistance to theoretical entity that riless laboratory exercise and gives more informmatio
about the theoretical aspect and what should badddrom the simulation. Both are optional andespp
on students’ request.

For encouraging exploration, a “check your knowkfdgutton is provided with a self-evaluation
guestion mark [6].

"Check your knowledge", is a short quiz that asksstjons and offers answers. Through the quiz the
student have the opportunity to use the simulatod,thus to check all the possibilities it offer®rder to
accurately answer the question, or select the coamswer. Students have to answer all questionse O
guestions are answered, the student is given thertymity to check whether there are answered ciyre
or not. If not, the correct answers are preseriibs is to avoid frustration by answering a quesiare
multiple times to obtain all correct answers.

IV. IMPLEMENTATION OFVIRTUAL LABORATORY

A. General imlementation issuddsed Tools

There are various types of applications with thmesgurpose, but they are generally made in older
technologies or technologies that are not very u@edextinction), some are made as multimedia
applications that require a portable disk (CD, DMDUSB flash drive) or installation. Online simudats
offer some foreign websites that are not on théepred language, nor designed in order to attiaet t
attention of the students and help them.

In the creation and implementation of the laboratare used newer web technologies such as
HTML5, CSS3 and JavaScrip programming languagesé hechnologies are selected for their abilities
and the direction in which web technology moveseskhtechnologies are available and free to use.
According to the browsers statistic [8] most useowsers support all the definition for HTMLS and
CSS3 and because of their great implementation et Wwrowsers, the simulations made in these
technologies allow 99% availability and accessipilexcept for some older browsers that do not stpp
these technologies.

26



A JOURNAL FOR INFORMATION TECHNOLOGY,
EDUCATION DEVELOPMENT AND TEACHING METHODS OF TECHNICAL AND NATU RAL SCIENCES

An exception is made in graphic design of the satiohs, the working area is on top, and control
panel is below the working area, and it can bey/fulsible on the small size screens like laptopifich)
and multimedia devices - tablets with screen sud$) inches. The application is not designed fobite
devices, because the screen is too small. Howeigist not a disadvantage because the purposasof th
simulations is for education.

Virtual laboratory that is implemented consistsrafitiple simulations from different areas of physic
in order to provide conditions for performing expants by the students of secondary education (Eigu
1).
It is a web site with a structure which is repreedrin Figure 2. The simulations are presented @ith
picture and a text description of the topic thgyresent. The image and text are linked to the pdgge

simulation can be directly started.

BupTtyenHa nabopaTopwja tusspm u snreussrausy

e o it

[ T T T % J

4T B i B 1
Figure 1. Site diagram for Virtual laboratory

-' ——

1

Figure 2. Site diagram for Virtual laboratory

In the following we will describe three simulatiotigt are part of the laboratory. The simulatiores a
designed following the recommendations given ingievious topic.

B. Simulation: Elastic and inelastic collision. Law mfeservation of momentum
This simulation is designed to describe the physiwva of preservation of momentum (Figure 3).

EnactuyeH n HeenactuieH Cyamp 3ax

'BpauHM npet cyANpoT: 'BpaMHM 10 CYAUpOT:

_—
Boawno 1: 0200m/s  Boawno 2: 0.00 mis Boawno1: 000m/s  Boawno2: 0.200 mis

(I

TIpHKEXH ja KHHETHIKaTE eHeprUja

Figure 3. User interface for the elastic and inelastic ciglidab excersise

By clicking on the image or the title in the homgeaf the website, loading of the web page begins
with a scene that has work area and a control ganéhe implementation of the exercise. The wadaa
contains the animation and output values, and dméral panel contains all control and input fields
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digital inputs are the fields for entering the masd speed of vehicle 1 and vehicle 2. The confoolthe
selection of elastic and inelastic collision, adlves output details for speed, momentum and kineti
energy before and after the conflicts in the pael represented by radio buttons. The possibility o
"Slow motion" is a check box, to be distinguishedni the other options because its functionality is
independent of the description of physical phenaheit only slows the animation 10 times in order
analyze the type of collision slower.

Buttons for start and reset of the simulation arth wimple mouse over animation and are with
sufficient size to be readily visible.

Under the panel the buttons for "help for the satioh”, "read more" and "check your knowledge" are
placed.

On load of the site, default values are set fopirameters needed for simulation to function.

Extreme cases are limited to certain values of rtfesses and speeds of the vehicles, but they
realistically reflect the desired outcome.

1) Use case diagram

Use Case diagram for this simulation is shown & Figure 4. This diagram is a representation of a
user's interaction with the system that shows ¢hagtionship between the user and the differentcases
in which the user is involved.

-

{extends] o = ¥inetic Energy

&
-2

Welocity

N
Figure 4. Use case diagram for simulation elastic and inielasllision

The use case shows that the student can get addiidormation about the application, help abasit i
usage or fill a question mark.

The student can also set the simulation by selptha type of collision, movement speed and filling
the input variables about the mass and the velo€itiye objects. After the initial setting of thensilation
the user can start it, repeat it or stop it.

Output reports serve to get information about theukation.
2) Activity diagram
Activity diagram for this simulation is shown inetlirigure 5.
This diagram is graphical representations of workfl of stepwise activities and actions.

First activity that the user should do is settihg tnitial conditions, choosing the type of cobbisj
speed of the movement as well as setting the mabwvelocity of both objects. After setting the iait
conditions the student can either start the sinarladr reset the initial conditions. If the useookes to
start the simulation he has to chose the typepmirteoutput from the movements of both objects.
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®
Figure 5. Activity diagram diagram for simulation elastic ainélastic collision

Output report can be divided in three ways, by e#yo by momentum or by kinetic energy. After the
simulation ends and the output report is shownsthdent can end the simulation, restart the sitonla
with the same initial conditions or start from theginning of the simulation.

C. Simulation: Motion with Constant Acceleration
This simulation is designed to describe the physwa of “Motion with Constant

Acceleration” (Figure 6). It shows vehicle movingthwconstant acceleration. The control panel
contains text fields where students can vary theegaof initial position, initial velocity and adeeation.
By using the buttons at the top of the control pastadents can bring back the car to its initiadipon or
stop and resume the simulation. If students chtseption "Slow motion", the movement will be ten
times slower.

Three digital clocks, placed in the working arealicate the time elapsed since the start. As seon a
the vehicle has reached the blue respectively vral@mp with its front bumper, the correspondingcklo
will stop. Both ramps are adjustable by draggireyrttouse with pressed mouse button.

On the working area are placed two diagrams thadgtibte the motion of the vehicle: position x
versus time t and velocity v versus time t.

My Labs o

[lBvKerbe co NOCTOjaHo 3aBpPayBakse spuma, sepsysare i Tpaskopie

Figure 6. User interface for the motion with constant aceglen lab excersise

1) Use case diagram

Use Case diagram for this simulation is shown enFRigure 7. The student can set the simulation by
selecting input variables. After the initial segfiof the simulation the user can start it, repgatop it or
resume it.
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Figure 7. Use case diagram for Motion with Constant Accelerat

Output reports serve to get information about theukation.
2) Activity diagram

Activity diagram for this simulation is shown inghrigure 8First activity that the student should do
is setting the initial conditions and adjusting thenps positions.

After setting the Initial conditions the studentncaither start the simulation or reset the initial
conditions. After the simulation is finished, statlecan read the output values for the time.

Figure 8. Activity diagram for Motion with Constant Acceleia

D. Simulation: Horizontal Shot

Simulation "Horizontal shot" provides a visual despof a horizontal shot thru a cannon in a field
(Figure 9). The work area is located at the top irmbntains the animation of the cannon and a, ball
placet in a field. The control panel contains thatmls for input and output data. Input parameters be
set with a slider control for the speed of the shrd the angle at which the ball should be ejeciéd.
section for output data is presented with textfiednd the student may read output values fordhkiign
of the shot at a certain time. When the web padje the simulation is loaded, initial condition &t for
the speed and the angle. The simulation is stdnyguressing the "Fire" button. By pressing the '@Rés
button, the output results are resetted.
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XpUsoHTanew ncrpen

Nykaj Pecetipaj

Figure9. User interface for the horizontal shot lab excersis

1) Activity diagram

Activity diagram isshown in Figure 10. The diagram shows first activity that the student shot
do is setting the initial conditiorby adjustingthe speed and angle, then run the simul. After the
simulation finishesoutput parameters for position and t can be readedOncethe simulation is
completed itan be reset or terminat

Set Velosity
Set Angle [¢]
Start/Shoot

Output values for the
coordinates X and Y
and time t

Yes
No

Figure 10. Activity diagram for Horizontal Shot

2) Use case diagram
Use case diagraim shown in t Figure 11.

The student can set the simulation by enteringirthat parameters. Then the student can begil
simulation. Once thanimation is finishe student can read the output repmrteset output Student also
can get more information by chooseing one e additional informations.
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Figure 11.Use case diagram for Horizontal Shot

V. EVALUATION AND RESULTS

The developed virtual laboratory was evaluated hgdehers and 100 students from two secondary
school students (50 males and 50 females). Hath@fstudents were thought the lessons through the
classical way of teaching and the second half wengg the developed virtual lab.

The students were chosen in a way that the avepagkes in both groups were almost the same. The
evaluation methodology for students is composethade phases: the first one is dedicated to system
explanation, the second one is aimed at self-lagrasing theoretical materials which are accompanyi
each of the lab exercises and experimentation,alisag self-evaluation. The last phase is regarttieg
evaluation of the acquired knowledge using staridskic test method and using a survey method. The
teachers were asked to answer some questions irgg#ndir personal opinion and observation foruatt
laboratory usage. The results from the evaluatrerpeesented in the following.

TABLE 1. RESULTS AFTER TESTING
Group type Average grade after evaluation
(on the scale 1-5)
1 Virtual lab group 4.86
2 Control group 4.11

TABLE Il. PERSONAL OPINIONS ABOUT THE VIRTUAL LAB USFULNESBAVERAGE ANSWERS ON THE SCALE 1-5)

Group type Students Teachers
1 Do you consider the 4.80 5
virtual lab useful?
2 Did you find the virtual 4.98 5

lab user friendly?
Do you think it could
be a possible

3 substitution of the real 5 5
lab (when the one is
missing)?
VL. CONSLUSION

This paper presents a developed virtual onlinerktboy that aims at helping high school students in
learning physics. It consists of several virtuahdiees developed as separate fully interactive web
modules. The benches ware developed to follow igh bchool curricula of the physics courses in
Macedonia. The design and development technolagidssystem architecture are also presented. The
laboratory has been evaluated from both studerdsteachers perspective and the results obtained are
promising.
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Abstract: The rapid development of communication andcomputing technologies significantly affects theniportance of
Internet of Things (IoT) and its expansion as wellThe very important element of Internet of Things is vireless sensor
networks (WSN). Those two concepts already have werstrong influence on industry. This influence caus growing
integration of loT and WSN topics in the university curricula. Considering that the number of 26 billions of connected
intelligent devices is projected for year 2020, th@umber of newly profiled software developers is hally to predict.
That's why it is very important to include these comepts and their enabling technologies in universiteurricula. The
large percent of predicted 26 billion connected deges will be deployed in outdoor environments andtilized in various
scenarios such as smart cities, smart agriculturet@ In the case of outdoor deployment, the autononus power supply is
crucial part of wireless sensor station configuratin. In this paper is presented and analyzed the psible approach in
using open-source hardware platform in university ourses for teaching topics related to solar poweredireless sensor
nodes.

Keywords: engineering education, Internet of Thingswireless sensor networks, solar energy

I INTRODUCTION

The two computing concepts have important placenadern era in last several years. Those two
concepts are 10T (Internet of Things) [1,2,3] an@NV(Wireless Sensor Networks) [4,5]. 10T represents
the environment with networked physical objectstbings”, embedded systems with software, sensors
and communication devices. All these objects cdleatoand exchange data, making possible variety of
scenarios such as smart cities, smart enterprsat iome, smart environment, smart wearables etc.

There are several estimations concerning the numbepssible 10T and connected devices in the
future. These predictions range from 25 to 50dnillof devices until 2020. According to the Garteer’
prognosis in 2020 will be around 26 billion of ilitgent devices in the world [6]. The growth of IoT
devices is presented in the figure (Fig. 1). Cd@sng the variety of possible usage scenarios ssch
smart cities, pollution monitoring, smart agricuéfletc, the large number of projected wireless @ens
stations will be deployed outside in outdoor lozasi. That makes the question of their autonomods an
most efficient power supply extremely importantohder to avoid frequent battery changes, andieto
the electricity costs, the orientation towards splavered wireless stations is justified.

Another important feature of WSN and IoT is possibisage of wide range of communication
technologies in these systems. The communicatiomt#ogies such as: IEEE 802.11, IEEE 802.15.4,
ZigBee, Bluetooth, Bluetooth Low Energy, proprigtarotocols etc, can be used almost equally in WSN
and IoT scenarios.

The importance of l1oT and WSN led to the deep ratgn of those two concepts and its supporting
technologies in the industry. The large numberesfdors has significant market share in this arespD
establishment of those technologies in the induatry expected needs for specially profiled software
developers in the future are very important factorsimplementation of wireless sensor network
technologies in engineering education and univyecsitirses.

In this paper is presented the approach of usieg-gource hardware platform based on Arduino and
its clones for usage in university curricula wifiesial focus on solar powered sensor stations.nidjer
focus is given to the description of the componesftdhe platforms with the brief analyses of the

34



A JOURNAL FOR INFORMATION TECHNOLOGY,
EDUCATION DEVELOPMENT AND TEACHING METHODS OF TECHNICAL AND NATU RAL SCIENCES

experience with its experimental usage. This papeontinuance and extension of the research fdalis

in the paper presented in [7], where the focusnalyses of possible usage of open-source hardware
platforms in academic research. The main cont@oudif this paper is focused on proposal of thecieffit
platform to be used at universities courses foirergging education.

Estimated Numbers of Installed Devices per Sector
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Figure 1. Estimated number of installed loT devirethe World until 2019 [8]

The paper is structured as follows: after the ohiidion, in the second chapter are presented two
platforms with their main components, together wite open-hardware principles. In the third chapter
are presented possible usage scenarios of theggopdatforms. The conclusion and the further vawek
given in the last chapter.

1 PLATFORM BUILT ON OPEN-SOURCEHARDWARE

A Open-source hardware

According to the Open Source Hardware (OSHW) Statgnof Principles 1.0 [9] - open source
hardware is hardware whose design is made pubdigbilable so that anyone can study, modify,
distribute, make, and sell the design or hardwaseed on that design. The hardware’s source, thigndes
from which it is made, is available in the preférfermat for making modifications to it. Ideallypen
source hardware uses readily-available componeutsraterials, standard processes, open infrastajctu
unrestricted content, and open-source design toatsaximize the ability of individuals to make ansk
hardware. Open source hardware gives people tleeldre to control their technology while sharing
knowledge and encouraging commerce through the epeimange of designs.

Generally, this approach in defining the open-setnardware principles established large market with
compatible and low-cost products. These princigls® made those components more available and
provided the development of small electronic dewjicespecially in the field of 10T, accessible to
everyone. In a way, open-source hardware principdegered up the development and expansion of 10T.

B. Solar powered Wireless Sensor Network platform

Two platforms presented in this research are bupdn the Arduino Uno microcontroller board
[10,11] and its variants. The components of the fatatform are presented in Table 1 and on Figh2.
basic component of the platform is Arduino UNO. &rcb UNO is a microcontroller board based on the
Atmel ATmega328P. It has 14 digital input/outpuhgi(of which 6 can be used as PWM outputs), 6
analog inputs, etc. It is one of the most populé&rocontroller open-source platforms in the world.
Considering its open design, there are varietiedafe boards or similar boards of other produteas
are available on the market. Due its wide populaaitd number of variants it is hard to estimate the
number of items sold in the world up to date. A bemof researches related to usage of this platfiorm
academy courses are made at our institution [1221&s well as on the other academic institutidn al
over the world [14,15,16].
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Table 1.Platform No.1 for solar powered wireless sensdicsta

No. Item No. Description
1 Arduino UNO Rev 3 Microcontroller board basedAitmel AT386
2 Solar Charger Shield v2.2 Expansion module desigo enable power from various batteries that jhas

the voltage of 3.0V-4.2V to shift up for 5V outpugeded for Arduino, or tg
be used in combination with Li-ion battery and sgteanel to form an
autonomous sensor unit.

Solar panel 1.5W solar panel with dimensions 8Txim

1050mAnh LiPo Battery Polymer Lithium lon battdf§50mAh

XBee shield Expansion module for Arduino desigrfed mounting communicatiol
modules based on Bee socket

XBee S1 Communication module designed for IEEE 802.15.4qual

Temperature and humidity sensor DHT22

The solar charger shield is a stackable expanstamdbthat enables battery power to the Arduino
UNO. It allows usage of various batteries with aght from 3.0V to 4.2V to shift it up for 5V output
needed to Arduino. This shield is also designedetaused in combination with Li-ion battery and sola
panel to form an autonomous sensor unit. The maxiraurrent provided by the board can get up to
600mA which is more than enough for all Arduino figarations and three times more than the power
consumption of the presented sensor station. Aanit$B connector, on the shield, is also useful to
charge the battery connected directly to the P88 cable.

Figure 2. The solar powered wireless sensor platfon.1 based on Arduino UNO Rev3, XBee shield apldrS&Charger shield

Solar charger shield in this example is used inkdoation with the 1.5W solar panel with dimension
81 x 137mm. Solar panel is attached to the shietd @pin JST 2.0 PH connector. The solar panel
supplies Arduino Uno and charges battery attachetid same board. The attached battery has smaller
capacity — 1050mAh and it is polymer Li-on battafjith the two LEDs on the board it can be seehef t
battery is charged (red light) or if the batteryubl (green light). With above components the aaimous
power supply is provided, but the sensor statidinlatks the communication and sensing capalditie

In order to make this station outdoor sensor ndllis, station needs communication module and
sensor. The module used for communication is Ditgrhational Inc. XBee® Series 1 that uses IEEE
802.15.4 technology. This module allows data rafeso 250 kbps and supports network topologies such
as: point-to-point, point-to-multipoint & peer-te@r. The modules can be set to two types: Coowlinat
(central device) or End device (peripheral). Ondhef major advantages of using Arduino UNO and
clone platforms is its modularity. These platforare made for DIY (Do It Yourself) electronics and
prototyping. So, they are made to build up comptséy stacking them, using their pins and headers
without need to solder them. The all presented @orapts are solder-less. So, the communicatiorhéor t
presented station is not limited to IEEE 802.1®éhnology at all. The platform allows usage of any
communication modules using widely accepted Be&etagtandard. This standard has 2 rows of 10 pins
sockets with 2mm distance in the bottom side ofrtleelule. In that way any module with Bee socket is
easy to be mounted on XBee shield and to be ugedifeless sensor station data transfer. The fist o
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possible modules, with its main characteristichsagtechnology and protocol used, range, and tpgra
frequency is given in Table 2.

Table 2. List of variety of communication modules availafile the platform

Model Protocol Frequency Range Data rate
Seeedstudio® MeshBee ZigBee Pro 2.4 GH; 30100 ni 250 Kbps
Seeedstudio® RFBee Proprietary 868 MHz 50 420 m’ 76 Kbps
XBee® S1 IEEE 802.15.4 2.4 GHz 30 M0 M 250 Kbps
XBee® S1 Pro IEEE 802.15.4 2.4 GHz 1.6'km 250 Kbps
XBee® S2 Zigbee Pro 2.4 GHz 120m 250 Kbps
XBee® S2 Pro Zigbee Pro 2.4 GHz 1600 m 250 Kbps
Seeedstudio® BLE Bee Blue Tooth Low Energy 2.4 GHz 30m’
DFRobot BLE Link Blue Tooth Low Energy 2.4 GHz 60 m <1 Mbps
RN42-XV Bluetooth Bluetooth 2.4 GHz 100'm 240 Kbps
Bluetooth Bee Bluetooth 2.4 GHz 20-30m 1 Mbps
XRF wireless RF radio Proprietary 868 MHz 300 m 250 Kbps
Libelium LoRa SX1272 Proprietary 868 MHz 21%km N/A
XBee-868 Proprietary 868 MHz 550 m16-40 kmi 24 Kbps
XBee-900 Proprietary 900 MHz 3-10 Km < 230 Kbps
XBee-XSC Proprietary 900 MHz 610 th14-45 km 10-20 Kbps
XBee WiFi - PCB Antenna IEEE 802.11 b/g/n 2.4 GHZ7 - 1-72 Mbps
RN-XV WiFly Wire Ant. IEEE 802.11 b/g 2.4 GHz - UMbps

“indoor/urban
outdoor line-of-sight

The second variant of the platform is built upore&#iino Stalker v3 (Fig.3), the microcontroller
board based on Atmel ATmega328 with integrated Beeket and solar charger capabilities. The
difference of this platform is that solar and XB#eld are integrated on the single board makiegsier
to handle.

The communication module which is included in tleead platform is Bee socket based module
Seeedstudio® MeshBee [17,18]. MeshBee is a 2.4 @idess ZigBee RF module. It uses microchip
JN516x from NXP that enables several different daads-based ZigBee mesh networking [19,20]. It
supports ZigBee Pro stack. It has indoor/urban eamg to 30m and outdoor line-of-sight range up to
100m. Its receive sensitivity is -95dBm, workingduency is 2.4GHz and it operates at following data
transmission rate: 4800, 9600, 19200, 38400, 5a8@0L15200 bps. It has socket compatibility withl we
known Digi International XBee communication modulé21] (2 x 10-pin sockets). Its connectivity with
Arduino solar platform is possible with Tinysine ¥® shield v2 or similar shield or it can be dingctl
connected to Seeeduino Stalker v3.

The Seeedstudio Mesh® Bee communication modulédisrsblar station is configured as Router [4]
and it has wireless communication with central meknmodule with a role of Coordinator [4] attachted
PC. This configuration with one Coordinator and ddeuter is needed in order to establish ZigBee
network or ZigBee PAN. In this way, solar powergatien transmits sensor collected data to the akntr
communication module attached to the applicatiowese The components of the platform are presented
in Table 3 and Fig. 3.

Figure 3. The solar powered platform based on Sseedbtalker v3
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Table 3.Platform No.2 for solar powered wireless sensdicsta

No. Item No. Description
1 Seeeduino Stalker v3 Microcontroller board basedtmel ATmega328 with integrated Bee
socket
2 Solar panel 1.5W solar panel with dimensions 8Zxim
3 1050mAnh LiPo Battery Polymer Lithium lon battdi§50mAh
4 Mesh Bee Communication module designed for ZigBee protocol
5 Temperature and humidity sensor DHT22

In order to make the sensor stations out of batkdlplatforms, at least one sensor should be lrsed.
this particular scenario is used digital tempemtmd humidity sensor — DHT22. This sensor colldwts
data and station send its every 10 seconds toate@mmunication device (ZigBee or IEEE 892.15.4)
directly attached to PC (Fig. 4). The time perisdiétermined with the program uploaded to thestati
On a PC is installed simple prototype applicatiam tollecting data with logging the received
temperature and humidity values together with thdeaame of the sending station, data and timeeof th
data retrieval. Application server can collect diaten one or much more nodes with potential abiidy
store, analyze, visualize data and makes reportequrests. Developed application can monitor gertai
conditions; make notifications or some other tag&pending of the environment and its purpose. The
scenarios of the usage will be presented in detaitgxt section and on Fig. 4 and Fig. 5.

Il USAGE SCENARIOS

In Fig 4 is presented one scenario for deployirappsed platforms. Wireless sensor station deployed
remotely from the central site, mostly outdoor ledk sensor data. Collected data are sent vieosiggp
communication technology (for those two platformseditechnology is ZigBee and IEEE 802.15.4) to the
central node. The application server hosts thei@jmn for data acquisition, storage, visualizatand
reporting.

The presented platforms can be used in two predestenarios. First scenario is presented on Fig. 4
where only one sensor node is deployed. This sitemas point-to-point network consisting of one
central and one peripheral node.

Central communication module
attached to USB interface

(o)
\ Sensor
Solar panel

( )) = //,Z —
Li-Po battery @
Application server with
Solar powered wireless sensor ‘station Data acqusition software
With peripheral communication modul (listening COM port)

Figure 4. Single node scenario with solar powergdless sensor station

Second scenario (Fig. 5) is built in star netwarkdiogy or in point-to-multipoint network. All
modules listed in Table 2, support this networkotogy. In this scenario, several peripheral nodes
communicate with one central node. Only ZigBee nebdbgy allows creation of more complex structures,
with usage of Mesh network topologies. Mesh top@esa@re not presented in the figures.
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Figure 5 Network made with multiple solar powerddeless sensor station

The presented platforms and scenarios can be nsasl/éral ways in university curricula. This paper
is made as a part of the research dealing withgiat®n of 10T and WSN technologies in university
curricula and engineering education at the institutvhere the research is performed. This ins@ityti
among the other profiles, has department of InféionaTechnology, department of Mechanical
Engineering and department of Environmental PraiecEngineering. The possible usage models are
highly adjusted to the curricula of those threeastepents and can be classified as:

= Learning wireless sensor network and 10T techn@egiusing presented platforms, students can
learn how to program wireless sensor stations aiedooontroller boards, to learn using sensors,
to learn configuration of wireless communication dules and to learn about wireless
communication principles using hardware and so#wanalyzing tools. This approaches can
studied within existing courses such as: CommuitisaBystems, Computer Networks and
Advanced Communications at Information Technologsicula.

= Developing applications for WSN and loT environreentising presented platforms, student can
learn to develop application for the specific W3t 4T environments. In the specific condition,
student can work on developing application for datguisition, data modelling from various
sources, data storage, analyses, visualizationrepalrting. These approaches can be studied
within existing courses such as: Programming andtw@&ce Engineering at Information
Technology and Software Engineering curricula.

= To learn basic principles of solar powered devicesStudent can work with solar power
technology and can analyze solar equipment behaviearious conditions, energy efficiency,
optimal solar utilization within courses of Altetha energy sources at Environmental Protection
Engineering and courses of Thermodynamics with foetechnique and Energy efficiency at
Mechanical Engineering.

IV CONCLUSION

The goal of this paper was to show the possilslité using the open-source hardware in academic
institution for teaching topics related to solamgoed wireless sensor stations in 0T environmertts.
platforms presented in the second section of tipempare tested for a short time and they worked wel
during the testing period. The stations were pawpplied combining Li-Po battery and solar panel.

In this stage of research, the implementation efgresented platforms in laboratory exercises is no
made. Proposed platform is assembled, programmedested by the researchers. The behaviors of the
platforms together with the potential models oftfiplan usage in classroom are analyzed. The reason
why the proposed platform are not used in the legrprocess in order to evaluate the student resgson
is that only one set of the each proposed platieraurrently available. So, the experiments invadvihe
students should be part of the further researchstard in following way. First, one or two groupk o
students can use these devices to work on thejieqtsp bachelor thesis or master thesis. Aftesffiad
work, student will give their feedback of the ptath usability and efficiency. If the general opimsoare
positive this will give green light for the secopdase and further integrations of proposed platfiorm
greater numbers in student exercises.
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Moreover, considering that Arduino platform is gp#¢ designed for DIY (Do It Yourself)
electronics and prototyping, the testing of theseiaks showed that Arduino based platforms are &asy
understand, easy to configure and easy to assedlblthis, make these platforms low-cost and highly
efficient tools for teaching and learning emergteghnology at multidisciplinary fields. This platfo
can be used for teaching diverse profiles of ergggeuch as: Mechanical, Environmental, Information
Technology and Software engineers. This diversiakes the platform’s unique and major strength in
engineering education appliance.
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Abstract — The paper presents the application of assiation rules in detecting users’ behaviour pattens in online
environments. The research was done within Moodle LMSResults show the significance of data mining teafgues in the
organization of teaching.
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l. INTRODUCTION

Data growth in certain processes brings forth thednfor the data analysis and detecting behaviour
patterns. General solution for this problem is daiaing techniques. According to [1], data mining
presents detecting useful patterns of behavioaobonections in large amount of data.

Association rules introduce one of the techniquesdetecting behaviour patterns, which is most
frequently applied in shopping. The task of theoasgion in data mining is to set rules in dataidashe
association is known as the analysis of consumshdiand it is aimed to detect rules accordinghaiv
the links between two attributes are created. T8®®@ation does not contain any in advance defined
output attributes, but every attribute can be bibh cause and the effect of the revealed rule. The
principle of the association is: IF attributeA EN attributeB, and the significance of the rule is
determined on the basis of Support and Confidefibe. Support is proportional part of the sample
members who satisfy certain rule (No. of satisfyimgmbers/total No. of members), whereas the
Confidence shows the proportion of the members pdssess both attributeA and attributeB.

In this paper the association rules are used farehéning useful behaviour patterns in the domdin o
e-learning. At universities, it is the learning ragament system (LMS) that has been most frequently
used in the last decade. This system provides rauagyossibilities for organization of teaching tigb
various forms of lessons, tests and collaboratigdutes (forum, wiki, chat).

There have also been numerous researches regdatdingpplication of rule association in the
problems of e-learning.

According to [2], the focus is on is the possiilitf successful application of association rulesing
in research problems related to e-learning. Inrémsgarch, the previously mentioned model has bsed
to show rare association rules when gathering studgage data from a Moodle system. The relevant
results have been presented in the comparison asereyal frequent and rare association rule mining
algorithms.

Furthermore, the authors in [3] suggest the apjpdicaof association rules in the environments for e
learning through descriptive examples and the cmimhs arising from them.

Research specificity presented in [4] is relatethtonew approach of pre-processing data, so ltkeat t
association rules can be appropriately applied. entioned research is aimed to analyse users'
behaviour, provide help in learning evaluation angrove the structure of SCORM content.
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Il.  RESEARCHMETHODOLOGY

A. Participants

Research participants are students of Faculty ohifieal Science§atak who are also the users of
Moodle system for managing e-learning. Currentiyy humber of active users is approximately 2000,
whereas the LMS (Learning Moodle System) approx@hgatovers 150 courses.

B. Research Objective

Research objective refers to determining the pdsggibor the application of rule association ineth
problems of e-learning. In addition to this, theearch objective relates to establishing connestion
between the modules and course activities.

The modules imply individual possibilities provideg LMS and available to users. An example for
this can be forum, lesson, wiki...

Activities include the actions that users perfofon,example viewing, editing, deleting...

C. Research Tasks
The research has been conducted through partitagks which enable the realization of the set
objectives.
The research tasks are as follows:
Data Collection
Data Selection
Creation ofassociation rulesnodel
Analysis
Discussion of the results

lll.  RESEARCHRESULTS ANDDISCUSSION
The research results have been shown in the pgyimentioned tasks.

A. Data Collection

The data have been collected from the server ochmMhie Moodle learning management system is
located. Moodle LMS provides the possibility to exprecords regarding the users' activities in many
formats. The following format .csv has been selkcte

B. Data Selection

Taking into consideration the number of the creadéettronic courses on the Moodle platform
(itlab.ftn.kg.ac.rs), all courses besides the aemiistended for entrance exam preparation andeéeg
finals have been selected.

C. Model creation, evaluation and testing

In this paper we used the association rules teaeni@he model was created and evaluated in
Microsoft Visual Studio 2010 [5] environment, but was tested within Microsoft SQI Server

Management Studio [6].
Figure 1 shows the structure agsociation rulésmodel.
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Structure 4 AS
ﬁ Microsoft_Association_Rules
E} Aktivnost %z] Input
%} Broj Studenata %z] Input
£ DanlIme %Z] Input
2 Gedina %Z] Input
2 IdKursa %Z] Input
%] 1d Pristup =] Key
Eh Mesec %Z] Input
Z} Modul £ PredictOnly
£ Sat %Z] Input

Figure 1: Structure ossociation rulesnodel

Figure 1 shows the structure and the name of thieh{@dS). As far as the structure is concerned, the
list of attributes is available, as well as thewief input, output and the attribute being predicte this
research, the module is the attribute which isdeirdicted.

Evaluation of the created model has been perfothmedigh lift chart.

Lift chart measures the model efficiency calculgtthe difference between the results obtained with
the aid of the model and without the model. Theulissobtained without the model are based on
randomly selected records. Lift chart is used f@pyic representation of the improvement provided b
‘analysis datamodel. The graph represents the comparison ofgtied accuracy among all models, in
order to determine general prediction accuracypradiction accuracy for a particular value. Result
comparison in the lift chart for various modelsnigg about additional information regarding the tgpe
the model best for specific research problem.

Figure 2 presents the main parts of lift chart.
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Figure 2. Main parts of lift chart [7]

According to the shown example, the principal Ipresents the prediction in the random sample in
which i.e. in the sample of 20% of population tlehiaved result is 20%. This result relates to tgbic
return data obtained without the application of alafa analysis model, and based on the presented
example 1. The presented chart presupposes th@inceéarget value was set. Model evaluation is
performed and the improvement provided by datanmgimhodel for a specific value is presented for the
target value.

Figure 3 presents the lift chart for the performeskearch.
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Data Mining Lift Chart for Mining Structure: AS
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Figure 3. Lift char

In the previously mentioned type of chart (withaurhed value of the output attribute) principaklin
does not exist. Nevertheless, the ideal line aaditie regarding the created model are displayed.

In Figure 3, the ideal line is marked with blueazol while red denotes actual accuracy of predictio
Legend was given in the separate part (Figurecetprding to which the accuracy of the created model
can be analysed.

Series, Model Score  Population correct
AS 091 49.98%
Ideal Model 50.00%

Figure 4. Legend for analysis of accuracy

According to the results from the presented tatble,following can be concluded: out of 50% of the
total tested population, 49,98% is accurately mtedi by the created data mining model. Considerin
the fact that the ideal model of 50% of populatgmedicts 50% of the cases, the created model has
deviation of 0.02% from the ideal, thus it can bagidered very accurate.

Vertical line in the chart is on 50%, as well as tesults in legend for the analysis of accuratye T
vertical line can be moved causing the changegderid results. In this research, the results haea be
presented for 50% of population. As described iargple 1 (target group for campaign conducting), in
this case of 50%, we can reduce cost and chooaet afpthe sample. By applying data mining model, a
significant improvement can be achieved in comparisith random module selection.

Testing of the models has been conducted withirrdgimft Visual Studio and Microsoft SQL Server
Management Studio.

Figure 5 and Figure 6 show some of the results tt@renvironment Microsoft Visual Studio.

Figure 5. View of connection between modules ariities

Figure 5 presents the connection between eacleshtidule and possible/probable activities. Figure 6
gives insight into individual cases. A group ofiiein a case is called an itemset. An associatioten
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consists of a series of itemsets and the rulesdiisdribe how those items are grouped togethematitie
cases. The algorithm identifies the rules which banused for predicting the future attribute values
compared to the modules, depending on the existileg.

Figure 6 presents some of the obtained results

T Probability Importance Rule
1,000 _ 2.621 aktivnost = submit, Dan Ime = sreda -> Modul = questionnaire
1.000 _ 2.612 Aktivnost = submit, Id Kursa = 84 - 111 -> Modul = questionnaire
1,000 _ 2.624 aktivnost = submit, Mesec »= 10 -> Modul = questionnaire
1.000 [ M3 Aktivnost = submit, Sat = 14 - 18 - Modul = questionnaire
1.000 _ 2.618 Aktivnost = submit, Mesec < 4 -> Modul = guestionnaire
1,000 _ 2.615 aktivnost = submit, Sat = 10 - 14 -> Modul = questionnaire
1.000 _ 2,623 Aktivnost = submit, Sat = 18 -» Modul = questionnaire
1.000 _ 2.648 Aktivnost = submit, Id Kursa = 22 - 84 -= Modul = questionnaire
1,000 _ 2,663 aktivnost = submit, Goding = 2011 - 2013 -> Modul = questionnaire
1.000 _ 2,386 Aktivnost = add contact -» Modul = message
1,000 _ 2,325 aktivnost = add contact, Dan Ime = petak -> Modul = message
1,000 _ 2,329 aktivnost = add contact, Sat = 7 - 10 -> Modul = message
1.000 _ 2,332 Aktivnost = add contact, Dan Ime = ponedeljgk -> Modul = message
1,000 [ PR Aktivnost = add contact. Dan Ime = utorak -= Modul = message

4 I 3

Figure 6. View of rules, probability and importance
Besides some of the rules, Figure 6 shows the it@poe and probability.

For example, for the rule Activity=submit, DayNarvgednesday-> Module=questionnaire,
probability is 100%, and the importance is 2.621.

The importance is designed to measure the usefulbfesa rule. Although the probability that a rule
will occur may be high, the usefulness of the mikgy in itself be insignificant. The importance colu
addresses this. The greater the importance, the immortant the rule is.

In addition to the aforementioned types of testimagels in this research we used DMX (Data Mining
Extensions) queries. They are written and execueén environment of Microsoft SQL Server
Management Studio. The following are example ofrgaad result.

SELECT

[Modul],
PredictProbability([Modul])

FROM [AS]

NATURAL PREDICTION JOIN

(SELECT "view" AS [Aktivnost],

"sreda" AS [Dan Ime],
"5" AS [Mesec]) AS t

In this query is shown the use of the function Ritpdobability, along with the selected input
parameters. As input parameters are chosen thesvaflactivity, day and month.

The result show that forum is module which hasrtiwest probability for selected input parameters.
The value of probability which gave this query 567 % .

IV. WEBBASEDAPPLICATION

Bearing in mind the need for Web-based applicattbagesults are integrated and presented thus. The
application was developed in the .NET programmingrenment. Here was used the program language
C#.

The application is connected to the Microsoft SQrvice for analysis through ADOMD.NET.
ADOMD.NET is an environment of Microsoft.NET thahables communication with Microsoft SQL
services for analysis.
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Figure 7 shows the application architecture.

Data sets Analysis services ___Web application
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Figure 7. Architecture of the system [8]

After creating a system architecture we created uderface. In the process of creating a user
interface must be taken into account that the fateris adapted to final beneficiaries. The end issa
teacher who can teach a variety of subjects atiteasame time have only basic knowledge and gkills
information technology.

Figure 8 shows the user interface.

For predicting apricots'
yealds you should
provide input values for
given attributes.

Activity

Course

Year

Month

Day

Hour

Minute

| Analysis |

Figure 8. Graphical user interface

V. CONCLUSION

Taking into consideration the obtained results,o&a draw conclusions on the possibilities of the
application of association rule mining in the peshk of e-learning. The results reveal the link leetw
modules and activities and they give rules withvittbal attribute values. Future work regards dreat
the related mining models for predicting futuret@ats of users' behaviour.
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Abstract: Cooperation today is on a global scale ahanyone is welcomed to participate. Global standarin education
means that ICT becomes backbone of the education maktructure and incorporated to the educational paadigm. Europe
dictates that student and teacher mobility is almadsmandatory. Our intention was to see the differene between two
countries that should start using their ICT in edu@tion concurrently. With the historical overview, contemporary
research on comparison of study programs, and studés’ opinion we provide the comparison that shows gential for
cooperation and mobility. Today’s students are digal native in both country and in the article we arepresent the
differences through their views and opinions. We atstraint our research on students of educational sty programs in
three universities in Slovenia and one in Serbia.

Keywords: ICT, education, university study programs,special didactics, student survey

. INTRODUCTION

ICT in education is the driving force to changerimuia at all levels of education. New generations
grow with it and use them on a daily basis. Themgegations, one defined adidital native$, are now
more ‘always ofi generation. Whoever lectures the students knaw students who supposed to listen
the lecturer are actually always present on thaias networks. Their ability to check the validiy the
knowledge they get is instant.

New generation of student require better learnirgenials. Books are fine but too time consuming.
The changes are constant and all present. Thoudtaweintroduced ICT in education of teachers @ th
previous century [1] it is still evident that wevieanot done enough. From the past project rep&tisttis
and trends of application of ICT in Slovenian sdibd is evident that growth of ICT is not selfident
and require funding [2] [3] [4]. But in the lastadele we have huge development in e-learning mégteria
production where university level of education wasluded. [5]

It is evident that we need to prepare teacherkisonew reality and give them instruction how te us
and prepare their didactically suited and aesthlyipleased learning materials [6] [7] [8] [9] and
according to their study discipline [10].

II.  HISTORICAL OVERVIEW

The majority of developing countries, among thesodbrmer Yugoslavia started the implementation
of computers in the educational system relativatg land uncontrolled. The process of implementation
only started in the era of microcomputers. Usugllyas a centralized system of equipping mostiyhwit
imported computers due to the fact that there veasomputer industry of their own for these cousstiie
the early eighties. In Yugoslavia, including Sloignprogrammed courses came into effect in the
seventies. [11] Until 1970 computers were too espenand too, while teachers had to make their own
teaching materials, sadly without the wanted eféext result. As a consequence there was a mingeusa
of computers in schools. [12] In every educatidnatitution following the SFRY there was only a few
qualified teachers able to teach ICT and compwgehriology and a few of those using computers for
their work. [13] [11]
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In the time line below, we will expose events thare crucial for the development of computer
science and technology in individual areas:

Table 1: Historical presentation of events

1968 First meeting of the Initiative group for theage of cybernetics in pedagogy in Zagreb.
1970 Joint meeting of representatives of SFRY 8tinies of Education iCate?.
1970 SLO: Implementation of computer technologg asurse in Fand & year of secondary schools.

Federal agreement (document) titled The Suggestibriong-term Modernization of Educational
Activities in SFRJ, international conference of omations in educational technology in Subotica, the

1971 annual school of andragogy with a seminar themeBWi¢ and learning with the help of a computer|in
Pore.
1971 First international research center for programnoedirses and implementation of computerd —

Multimedia center of the Referral center of Univigrsf Zagreb.
1972 Start of computerization of schools in Sloweand other republics.
The establishment and operation of Computer cefderprogrammed learning (RCPU) led by

1972
Aleksandra Kornhauser.
I. Bratka and V. Rajkovi write the first textbook titled Introduction intGomputer Technology angd
1974 )
Collection of Tasks by a group of authors.
1976 — 1979 RCPU is leading and coordinating tlegept Computer Technology Courses in Guided Edacati
1979 SLO: Computer technology becomes a reguldesuin 4 year programs of technical schools.

In a period of ten years a lot of events took plded contributed to the development of computer
technology, although we have to emphasize thatidensg the time of the early start of implemerdati
of computer technology as a study course in secgrstdools, there are still schools today with 63 |
or computer technology courses.

Table 2: Historical presentation of events
Sl Introduction of optional courses, extracurricidativities and supplementary education for teeche
the field of computer technology.
SI: The establishment of a work-group i.e. a comptgchnology commission led by V. Rajkavivan
1985 Gerli¢ was in charge of educating teachers. The objestageto develop a course of computer
technology and encourage its usage in Slovenia.
Sl: The establishment of the Center for computehrielogy in education at the Faculty for Pedagogy |i

1983 -1984

1985 Maribor, where the objective was to increase ttagaof computers with didactical courses.
1986 An organized and mass implementation of coetpuih education starts in other republics and t@m
Sl: COMPUTER IN SCHOOL - designing a politics ofiggping Slovenian schools. The first appendix,
1986 Computers in School is published within the magazipbringing and Education that deals with
problems that occur with the usage of a computet,zabook collection Computer Horizons.
1987 SI: The subject of Computer technology in secondahpols is added a chapter of informatics and

therefore a new subject arises, Informatics andocen technology — ICT.
Yugoslavian conference titled Computer in Educatibrich conclusions and observations were a bas
1987 for further politics and strategy in implementinghgputers and contemporary informatics technologie
into education. There was also a debate of théiggbf modernization of educational technology.
Sl: Project COMPUTER DAY - intended for all teachef primary schools and guiding counsellors gf
Institution of RS of Education.

Sl: Implementation of the following projects: CIRIG CIRCLES, LOGO in primary schools, and
MEASUREMENT COMPUTER in secondary schools, ROBOTI@®rimary and secondary schools.
SI: Within the project of DUCK-89 (RBEK-89) an action of an organized purchase of comguind
1989 publishing of a book collection The Duck’s Little@k (containing mostly manuals for educating
teachers) is carried out.

Sl: A new publication NIT is published — New Infoatits Technologies, which substitutes the droppe
appendix Computers in School of the magazine Ugbrinand Education.

Sl: Project DUCK-90 — computers and licensed saivigbought by a large number of primary and
secondary schools.

KR

1987

1987

o

1989

1990

In the early nineties the first implementationspodjects of unified equipping of secondary schools
and HR secondary schools with personal computers started. It was already known at that time that
the action of equipping schools with computersasarone-time action but a long-term process, wkdch
supposed to develop continuously.

The development of computer industry has pickedspged and it still shows no decline while the
hardware is getting even more functional, more plwend what is most important more financially
available to masses. [13]

Following the disintegration of Yugoslavia, Slovetéd a new path of developing computer science
and computerization of schools as an independenttgo Towards the end of the nineties, Slovens ha
moved away from others previously more or less le¥ugoslavian republics and continued to develop
for herself, which has gained her advantage overst

Table 3: Slovenian project for ICT in education
| 1992 | with the project PETRA a process of compuaion of the fifth grade of primary school is
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implemented. Courses such as Slovene, Art and Béaimyare taught with the help of a computer.
Beside that the project brought novelties sucteastteaching and learning, team learning for teache
and the development of didactics of ICT.

Realization of a six year program Computer literaBO — creates opportunities for computerizatibn
1994 — 2000 schools on the educational as well as on the argtanal level. It included all stages of Slovenian
education from pre-school to university.

Project SCHOOL TOLAR (SOLSKI TOLAR) — enables threation and implementation of the RO
program.

The Institution of RS for Education produces a @copf Computerization of subjects. It consists of
three projects.

PIKA - computerization of educational activitieskindergartens and lower grades of primary school
1999-2000 TIMKO — team learning and team teaching with infatios technology from"sto 9" grade of primary
school, in gymnasium and in four year secondaryrtieal education.

VESNA - searching for new ideas and fresh inceatofeComputerization in kindergartens, primary
and secondary schools along with their educatighimvthe project’s frame.

IKT strategy in Slovenian educational system isedagpon the results of the RO program — Compute
literacy (R&unalnisko opismenjevanje)Cémpelj, 2001)

O

1994

=

2001-2003

In the time of Yugoslavia the development of coneputtion was on a different path, for it was
slower in Serbia than it was in Slovenia, which Fas advantages in this area. The disintegration of
Yugoslavia came as a great blow for Serbia becthese was a status quo at that time in the field of
computerization. After the disintegration there evaather factors that impeded the development of
computer science.

The reason for Serbia starting to develop the l&dhnology later, at the beginning of2&entury was
in its long-lasting period of economic and politicmlation at the end of 30century.

Table 4: Serbia’s project for ICT in education

1992-1999 The biggest decrease of the developniéii o
2000 - Intensive and fast development of the IKT.
2004 Ministry of Education contributes the IKT equipméott more than 2.000 teachers of primary and semgnd
schools.
Table 5: Internet speed.
Sl SRB
F f(%) f f(%)

from 1 Mbit/s 12 7.74 1§ 16.67

from 1 Mbit/s to 5 Mbit/s 40| 25.8] 10 10.42

from 5 Mbit/s to 15 Mbit/s 47 30.32 28 29.17

from 15 Mbit/s to 50 Mbit/s 30 19.35 3B 39.58

from 50 Mbit/s to 100 Mbit/s 22 14.19 B 3.13

more than 100 Mbit/s 4 2.58 L 1.04

It is evident from the table that the average dedasfer rate from the internet among Slovenian
students is at its peak from 5 Mbit/s to 15 Mbi8%), while the average data transfer rate among
Serbian students is from 15 Mbit/s to 50Mbit/s (39%hich shows that on average Serbian students hav
a faster data transfer rate. More Slovenian stgdienind themselves in the ratio from 50 Mbit/s @ 1
Mbit/s (14%), while there are only three Serbiardsnts in that level. The results were not expeateti
they show that infrastructure is not the obstaglthe use of ICT in education. According to theuhssit
can be said that Serbia, especially the area ofddija, has been developing fast in the field ahpoter
science in the last few years.

Table 6: The application of ICT in education witlidlactical courses.

Country Total
S1 SRB
t 2 3
YES %4 'ti'mm try 458:‘9’ 314%"’ 3; 92’
.. - %o within country 8% 31.3% 39.9%
Acpplication of ICT Count 104 92 196
NO
%6 within country 54.2% 68.7% 60.1%
) Count 192 134 326
Total s
%% within country 100.0% 100.0% 100.0%

Regarding the Pearson Chi-square test it is evitiaait there are significant differences between
countries ¥2=6.911, p= 0.009). Data also shows that 54% afestts of Slovenian universities think ICT
is not present enough within the didactical courBasrefore we could not show that Slovenian stuglent
have unified opinion about the presence of IKTSérbia the difference is more obvious, 68% of sttale
think there is not enough of ICT within their coessIt can be concluded that the ICT is more ptasen
Slovenian study programs but obviously not enoMyk. believe the result is expected because there is
often a lack of interest with the lecturers for nanydng their own teaching strategies that wouldures
ICT.
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Table 7: ICT knowledge between study programs

Country Total
SI SRB
YES Count 76 116 192
ICT knowledge % within country 39.6% 85.3% 58.5%
NO Count 116 20 136
% within country 60.4% 14.7% 41.5%
Total Count 192 136 328
% within country 100.0% 100.0% 100.0%

The table shows results we have not expected. thiss&5% of students claim they get enough
information on ICT in their study programs, whiléo&nian students are not even near this numbers
(39.6%). Statistical differences is significap2£73.743, p=0.000). The result was certainly ngeeked
but we are pleased to see that despite the latdapeuent of computer science and introduction af iC
has extended among study programs. Slovenia hagptove certain areas renovations of study programs
with a more ICT inclusion into the curricula.

Table 8: Use of ICT equipment

Sl SRB
F f(%) f f(%)
Computer 188 98.43 129 94.85
Tablet PC 59 30.89 20 14.71
Smartphone 168 87.96 77| 56.62
Internet 184 96.34 86 63.24
Video 62 32.46 17 12.50
Sound 35 18.32 8 5.88
Other 2 1.05 0 0.00

Students could chose more options in this reseguebtion. Slovenian and Serbian students use cengponost
of the time (more than 90%). Internet is firmlythe second place and smart phone in the third th@lgvenian
students show a higher use of those (smart phomés)table shows that Slovenian students are mistebdited
among the variety of ICT equipment (or servicegntlthe Serbian students. These elements are inédely a
factor of availability to a variety of equipment.

Table 9: Use of ICT equipment among lecturers issga/practice for special didactics

Country Total
SI SRB
& Count 14 1 15
mostly no
i % within country 7.4% 0.7% 4.6%
Count 79 122 201
rarely|
- % within country 42.0% 89.1% 61.8%
Use of ICT lectures
often, not Count 83 13 96
always % within country 44.1% 9.5% 29.5%
always Count 12 1 13
7 o within country|  6.4% 0.7% 4.0%
Count 188 137 325
Total s . .
% within country|  100.0% 100.0% 100.0%

Students in Serbia were very critical of their leets because 89% of them think their lecturersmdbuse
enough of ICT equipment, while in Slovenia opini@re divided, which causes a significant statistititierence
(x2= 82.597, p= 0.000). In Slovenia 42% of studehitskithe ICT is not used often enough and anoti3ét shink
opposite. Regarding that it can be concluded th&bi@n students demands more use of IKT equipnranng their
lecturers, although Slovenian lecturers have olako to reach a satisfying level of everyday usiK® equipment.
The lecturers are the ones that can teach stutemtso use certain learning strategies in classesuse students
will not learn them by themselves for it is nottgyeatic and it would take too much time.

Table 10: Use of ICT for study deliverables produtti

Sl SRB
F f (%) F f (%)
Web classrooms 88 46.81 22 16.06
e-materials 147 78.19 80 58.39
Web encyclopedias 108 57.45 5 36.5(
Specialized data basels 100 53.19 38 27.74
Textsfromother | g5 | 5513 | g9 | 64.96
educational institutiong
Multimedia elements 138 73.40 26 18.99

Student use ICT to make materials needed for gedies. Slovenian students mostly use multimeldisents
(73%) and e-materials (78%), interestingly on & place is the use of web classrooms (46%) aebfobdle is
used on every educational institution in Slovenma.Serbia the most used elements represent tesis @ther
educational institutions and e-materials, whil¢hatlast place is also the web classrooms. Accgrirthese results
we can conclude that students should probably tre méormed on the use of those elements and int®them as
a very practical and interesting tool with the protibn of various works.
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Table 11: Respect of copyright materials

Country Total
SI SRB

DA Count 147 21 168
. . % within country 78.6% 15.3% 51.9%

Respect of copyright materials Count 40 116 156
NE % within country 21.4% 84.7% 48.1%

Total Count 187 137 324
% within country 100.0% 100.0% 100.0%

Due to the fact that students produce many semwogks during the study years and should respect
the legal authors’ and copyright agreements. Tiygdst differences among Slovenian and Serbian
students have been noticed here as 78% of stutténksthat faculties in Slovenia respect those teégh
while 84% of students in Serbia think that theruities do not have an adequate system for thae.iss
That caused a significant statistical differeng2=(137.206, p=0.000). Every faculty needs to respect
reserved rights with no exception and therefort @i@fforts need to be put into solving this issue

Table 12: uniformity of citation system

Country Total
ST SRB
1 Count 169 124 293
. . i % within country 90.9% 90.5% 90.7%
Uniformity of citation
5 Count 17 13 30
- % within country 9.1% 9.5% 9.3%
Count 186 137 323
Total e ,
% within country 100.0% 100.0% 100.0%

Different study programs use different citationteyss of citing the other work in their deliverables
(seminars work, diplomas, master and doctoral $fie8i high percentage of students from Serbia dks we
as Slovenia, even 90% think that there should heniformed citation system, with no statistically
significant difference 2=0.011, p= 0.915) between countries. This shoves # uniformed citation
system would solve many issues and avoid inconmeregwhen students use different citation system fo
each discipline or even each lecturer. The resak expected because the variety of citation’ system
causes many frustration between students. To kedn that matter a little we do not want onlyeon
citation system. But it would be nice to have sstdmdards (e.g. APA, IEEE) which are supported in
contemporary Microsoft Word and solve those prolslemd inconveniences forever.

1.  CONCLUSION

Based on the historical review of events and syrwdych was conducted in Slovenia and Serbia, we
got surprising and unexpected results. Accordinthéodata from the §0where the difference between
the two countries was the largest, is now steaddgline. It becomes evident that the use of ICT in
education in Slovenia declines as country is griethe constant economic crisis. On the other hand
Serbia, whose economic situation is no better, Islanwd steadily grows. Professors and students baust
aware of the importance of ICT whose purpose ardagersatile. On the other hand technology itiself
not enough and countries must educate professotsdoit. It is also wrong perception that young
generation will know how to use ICT efficiently ameffectively without any help and instructions. No
matter what we do “digital natives” will use theTi@echnology in ever greater extent and we oughto
prepared for them.
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