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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equipment is outdated, and at some there are saladll.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.
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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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s 2

Help for Apphcation

{extends)e ©

- = Raad More

£ g Eeitgmjsl =

-
Additional informations &
= = = — = = J Fill Question Mark
Lud
- =

[include} =

- =
— et Simulation {include}
! Cneludel () ot variables o = = & = = o Set starting speed

User S {anclude)
S a

Mark Sat acceleration

PauseepeatiStap Simul,

A4 J

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.

30



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

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.

31



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

Ve
Help for Apphcation
-

fextendsle

-
- — A Read M
2 s -

‘Additonal Informations Y& T
’ &=

Fill Question Mark

Lusehs
L g—
p— il "
Set Simulation il Linclude}
= = =>={ input velosity
user

| Start

Reset Simulatin -positi

=T fantends) - = y-position
PR
4-49;;: ut Report = = T
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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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